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1. Objectives

Our research project has one overarching objective: to determine and isolate the effects of
certain government interventions on corporate environmental behavior and performance (CEBP) at
individual facilities in the industrial sector of chemical and allied products.  We measure
environmental behavior in various dimensions, such as the frequency of auditing, with a focus on
the extent of an environmental management system (EMS).  We measure environmental
performance by the level of wastewater discharges, in an absolute sense and relative to facility-
specific effluent limits.  The latter measures represents the compliance level, which captures both
non-compliance and overcompliance.  Our study primarily measures environmental performance by
the ratio of absolute discharges to effluent limits – relative discharges.  For this calculation, our study
must consider specific pollutants.  To produce more generalizable results, our study focuses on two
common pollutants: biological oxygen demand (BOD) and total suspended solids (TSS).  As a
broader measure of compliance, the study also examines the monthly count of effluent limit
exceedances across all permitted pollutants.  While this latter measure is exhaustively broad, it
cannot capture overcompliance.  Lastly, when considering the environmental performance by the
facilities surveyed by our study, we examine relative discharges for all permitted pollutants.  This
last measure is the most broad and most comprehensive one considered in our study.

As proposed in our project description, our study also examines BOD absolute discharges
and TSS absolute discharges, separately and as a composite measure.  We also study the qualitative
state of noncompliance versus compliance based separately on BOD relative discharges, TSS relative
discharges, and a composite measure of BOD and TSS relative discharges.  We choose not to report
the results of both these analyses; needless to say, these results are available upon request.  Instead,
our study focuses on the compliance level (i.e., relative discharges) as the primary measure of
environmental performance for five reasons.  First, this measure is the most comprehensive indicator
of performance.  Second, it captures overcompliance, which is very prevalent in the sample.  In
contrast, absolute discharges capture neither compliance nor overcompliance and compliance status
cannot capture overcompliance.  Third, a composite measure spanning multiple pollutants is
questionable without references to pollutant-specific effluent limits.  Fourth, interpretation of the
results based on estimation of absolute discharges and compliance status would not clarify any issues
presented here in our report.  Fifth, our report is long enough even without these additional results.

From the stated overarching objective, we generate seven specific objectives:

Objective 1: identify the differential effects of government interventions on CEBP,
Objective 2: identify the effects of general deterrence and enforcement approach on CEBP,
Objective 3: test empirically the theoretical understanding of specific deterrence,
Objective 4: identify the interactions between the effects of government interventions and

facility characteristics, especially the status as a major or minor discharger,
Objective 5: explore the influence of environmental behavior, including EMS protocols, on

environmental performance,
Objective 6: explore the influence of community pressure on CEBP, and



1  In our project description, we also proposed to identify the differential effects of discretionary
inspections and routine inspections on environmental behavior and on environmental performance.  However,
the source of data on inspections, the Permit Compliance System (PCS) database, does not provide any
information to distinguish discretionary inspections from routine inspections.
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Objective 7: explore the influence of financial status on CEBP.

To achieve these objectives, we consider a variety of government interventions:
(1) inspections performed by state inspectors, (2) inspections performed by EPA inspectors, (3) EPA
administrative fines, (4) EPA administrative injunctive relief sanctions, (5) EPA administrative
supplemental environmental projects [SEPs], (6) federal civil fines, (7) federal civil injunctive relief
sanctions, (8) federal civil SEPs, (9) state administrative fines, and (10) state civil fines.  Injunctive
relief sanctions represent court-imposed orders to perform a particular beneficial act or to stop
performing a particular harmful act that relates to a facility’s operation, e.g., install a new treatment
system.  SEPs represent court-imposed orders to perform an environmentally beneficial act that is
not related to a facility’s operation, e.g., fund an Earth Day parade.  For our purposes, we use the
term “sanction” to represent either a fine, an SEP, or an injunctive relief sanction.  This wide variety
of interventions allows us to identify the differential effects of these government interventions on
environmental behavior (Objective 1A) and on environmental performance (Objective 1B) with
proper comparisons:

(1) EPA inspections versus state inspections;
(2) EPA administrative sanctions versus federal civil sanctions:

(a) EPA administrative fines versus federal civil fines,
(b) EPA administrative injunctive relief versus federal civil injunctive relief,
(c) EPA administrative SEPs versus federal civil SEPs;

(3) monetary fines versus non-monetary sanctions (i.e., injunctive relief, SEPs); and
(4) federal fines versus state fines.1

In essence, Objectives 1A and 1B seek to compare the effects of government interventions based on
the source of the intervention, for example, EPA administrative court versus federal civil court.

This examination of specific government interventions captures specific deterrence, which
represents corporate responses to specific government interventions against particular facilities at
given moments in time (Earnhart, 2004b).  To capture these enforcement effects properly, we control
for other enforcement aspects.  We control for changes in general deterrence, which captures
corporate responses to the underlying “threat” of receiving a government intervention.  To measure
this “threat”, we use data on inspections performed at and sanctions imposed on other facilities in
a given state or EPA region within a given calendar year (e.g., average number of federal inspections
against other major chemical facilities in each EPA region for a given year).  Thus, we examine the
effects of government interventions in two dimensions: specific deterrence and general deterrence.

We also control for the overall enforcement approach: cooperative versus coercive.  Within
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the cooperative approach, government regulators provide flexibility to the regulated facilities, which
induces facilities to address pro-actively noncompliance.  Within the coercive approach, regulators
deter facilities from noncompliance by imposing sanctions without flexibility.  Identifying the effects
of general deterrence and enforcement approach on environmental behavior and environmental
performance represents Objective 2A, Objective 2B, Objective 2C, and Objective 2D,
respectively.

As Objective 3, we use the theoretical understanding of general deterrence to construct and
test a notion of specific deterrence.  General deterrence is based on two components of penalty
imposition: likelihood and size.  Seen through the lens of general deterrence, a facility should
respond to a specific penalty because it indicates an increase in one or both components of general
deterrence: (1) increased subsequent penalty likelihood due to greater monitoring scrutiny and/or (2)
increased subsequent penalty size (i.e., recidivist facilities receive higher subsequent penalties).
From this perspective, the initial penalty should not affect facility behavior absent any increase in
future monitoring scrutiny or penalty size.  To test these theoretical hypotheses, we analyze stated
behavior generated from hypothetical scenarios presented within a survey venue.  By appropriately
varying the levels of initial and subsequent penalty size and likelihood, we determine the absolute
and relative degree of responsiveness to each deterrence component — likelihood and size — and
test the hypothesis of initial penalty neutrality.

To examine properly the effect of government interventions, we also control for non-
enforcement factors that influence environmental behavior and performance:

(1) facility and firm characteristics: production-related and environmentally-related,
(2) community pressure, and
(3) financial status.

As Objective 4, we identify the effects of facility and firm characteristics on environmental behavior
(Objective 4A) and performance (Objective 4B) and any interactions between government
interventions and facility/firm characteristics.  By examining the interactions between government
interventions and facility/firm characteristics, Objective 4 seeks to learn whether different types of
facilities or facilities facing different corporate conditions respond differently to government
interventions.  When exploring environmental behavior, we focus on the facility characteristic of
being classified as either a major or a minor wastewater discharger in the National Pollutant
Discharge Elimination System (NPDES).

As Objective 5, we explore the influence of environmental behavior, especially aspects of
an EMS protocol, on environmental performance.  In this exploration, we examine many EMS
factors, such as the communication of management’s environmental compliance targets to plant staff
and the managerial importance placed on identifying and correcting potential non-compliance issues.

As Objective 6, we explore the influence of community pressure on environmental behavior
(Objective 6A) and performance (Objective 6B).  We examine the effects of community
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characteristics using Census data at the zip code level and Commerce Department Regional
Economic Information Service (REIS) data at the county level, in addition to other data.  We also
examine the effects of facilities’ self-reported impressions of community pressure on environmental
behavior and environmental performance.  Since overcompliance is quite prevalent in the studied
sample, the analysis is able to examine the effects of community pressure on facilities’ motivations
to comply as well as to overcomply with effluent limits.

As Objective 7, we explore the influence of financial status on environmental behavior
(Objective 7A) and performance (Objective 7B) for facilities owned by publicly-held firms.  This
study examines two dimensions of financial status.  The primary dimension concerns overall
financial performance, as captured by measures such as the rate of return on assets.  The secondary
dimension concerns the availability of financial resources for investment into better environmental
management practices, as captured by measures such as the ratio of liquid assets to total assets.

In general, each of our objectives speaks equally to firms’ abilities and motivations to comply
with effluent limits as well as their abilities and motivations to overcomply with these same limits.
At a minimum, the objectives not related to community pressure speak to facilities’ abilities to
overcomply with effluent limits.

2. Previous Studies

Previous economic, political science, legal, and engineering management analysis on the
effectiveness of government interventions on corporate environmental performance and behavior is
limited.  Mark Cohen, the Director of the Vanderbilt Center for Environmental Management Studies,
reports that surprisingly few empirical studies of environmental enforcement have been conducted
and that they focus on a few industries: oil transport, steel mills, and pulp and paper mills (Cohen,
1999).  Jon Silberman, the Senior Attorney in the EPA Office of Enforcement and Compliance
Assurance, reaffirms the need for more empirical research (Silberman, 2000).  We address this point
further at the end of this section.

Although many studies theoretically examine the effects of general deterrence (e.g., Polinsky
and Shavell, 1979), few examine the effects of specific deterrence.  Harrington (1988)  demonstrates
that facilities may respond to a specific penalty with “good” behavior to shed the label of a “bad”
facility, which receives greater monitoring scrutiny.  Helland (1998a) empirically examines this point
using data on inspections and the self-reporting of violations.  No previous study examines corporate
efforts to improve environmental performance due to specific deterrence from penalties.

The limited number of empirical studies on overall enforcement approaches exist only in the
literature of legal analysis, political science, and public administration.  Moreover, the empirical
results are mixed (Rechtschaffen, 1998).  A few studies empirically examine enforcement by the
Occupational Safety and Hazard Administration (OSHA) [Lewis-Beck and Alford, 1980; Scholz,
1991; Scholz and Wei, 1986; Scholz and Gray, 1997].  Equally as few examine environmental
enforcement (Burby and Patterson, 1993; Harrison, 1995; Haas, 1989; Peretz, Bohm, and Jasienczyk,



2  Other similar studies focus exclusively on agency behavior regarding inspections and/or
enforcement actions (e.g., Deily and Gray, 1991; Earnhart, 1997; Earnhart, 2000a; Earnhart, 2000b).

3  In addition to environmental performance, other studies explore the effects of government
interventions on performance related to worker or consumer safety regulations (e.g., Gray and Jones, 1991a;
Gray and Jones, 1991b; Olson, 1999; Viscusi, 1979; Bartel and Thomas, 1985).
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1997; Ringquist, 1993).  To our knowledge, no previous study explores the chemical sector.

In the engineering management literature, some studies examine chemical manufacturing
facilities, which face many environmental compliance requirements, and the use of EMS protocols,
which may assist in meeting these requirements.  A recent EPA study (EPA, 1999) defines an EMS
as an “organized process established by policy to integrate planning, implementation, corrective
action, and management review.”  In this EPA study, 41% of the survey respondents stated that an
internal EMS would have contributed to the prevention of the non-compliance event and 71% of the
respondents stated that they had taken an EMS-related action to prevent future non-compliance.
Other research identifies key elements of a successful EMS: employee awareness, employee
participation, management support and communication, emphasis on continuous improvement,
facility-specific policies and targets, and an effective environmental compliance audit protocol.  Shah
(1996) and Sultana (1998) identify management support and employee participation as essential
components of an effective EMS program.  Shah (1996) finds that an EMS program conducted
without proper cooperation and teamwork in place is not likely to yield improved compliance.
Sultana (1998) finds that environmental performance criteria should ideally be integrated with the
organization’s goals and objectives as well as specific environmental regulatory requirements.

Previous economic analysis on the effectiveness of government interventions on facility
environmental performance is thin.  In the economics literature, few articles examine the
effectiveness of government interventions on facility environmental performance involving standard
emissions (i.e., non-accidental discharges) and they focus exclusively on two industrial sectors –
pulp/paperboard and steel (Shimshack and Ward, 2005; Gray and Deily, 1996; Magat and Viscusi,
1990; Nadeau, 1997; Laplante and Rilstone, 1996; Helland, 1998a; Helland, 1998b).2  In the realm
of wastewater management, previous studies of industrial facilities examine only the former sector
and all but one consider only the effects of government inspections.  Additional studies of
wastewater management examine publicly-owned wastewater treatment plants and their responses
to both inspections and sanctions (Earnhart, 2004a; Earnhart, 2004b; Earnhart, 2004c).  The only
previous studies of sanction imposition on industrial facilities exist in the realm of air emission
management with the exception of Shimshack and Ward (2005).  Only one previous study of
industrial facilities considers specific deterrence stemming from sanctions (Shimshack and Ward,
2005).  In addition to standard emissions, a few studies examine the effect of government
interventions on oil spills (e.g., Epple and Visscher, 1984; Anderson and Talley, 1995).  Finally, two
previous studies examine other dimensions of environmental performance.  Stafford (2002)
examines the effect of a new EPA enforcement protocol on facility compliance with hazardous waste
regulations.  May and Winter (1999) examine compliance with agro-environmental regulations.3



4  Other studies do not focus on the likelihood of an intervention directly but instead focus on
variation in the likelihood of an intervention based on identifiable factors (e.g., Stafford, 2002; Olson, 1999;
Gray and Jones, 1991a;Viladrich-Grau and Grace, 1997).

5  Earnhart (2004b) examines the differential effects of government interventions on facility
performance by publicly-owned wastewater treatment plants, not industrial facilities; moreover, it does not
examine the difference between administrative and civil sanctions.
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This study’s examination of government interventions captures deterrence in two forms:
specific and general.  Previous studies on the effects of government interventions on facility
performance address the two forms of deterrence in various combinations.  Some studies analyze
only specific deterrence, which stems from actual interventions at specific facilities (Magat and
Viscusi, 1990; Helland, 1998a; Helland, 1998b; Smith, 1979; Gray and Jones, 1991a; Gray and
Jones, 1991b).  Some studies analyze only general deterrence, which stems from intervention threats.
Consistent with economic theory of expected utility, this threat divides into two components: (1) the
likelihood of an intervention and (2) the size (or burden) of the intervention, conditional on its
occurrence.  To capture the likelihood of an intervention, some studies use aggregate measures of
government interventions within specified locations and/or time periods (Cohen, 1987; Anderson
and Talley, 1995; Epple and Visscher, 1984; Viscusi, 1979; Bartel and Thomas, 1985).  Other
studies use the predicted probability of an intervention (e.g., Gray and Shadbegian, 2000).  One study
uses both likelihood measures simultaneously (Nadeau, 1997).4  No previous study directly examines
the expected conditional burden of an intervention.  However, some previous studies examine
indirectly variation in the conditional burden of an intervention (e.g., Gray and Jones, 1991a).  Some
studies separately examine both deterrence forms by considering first actual interventions and second
predicted interventions (Laplante and Rilstone, 1996; Gray and Deily, 1996).  Four studies jointly
analyze the two deterrence forms: Scholz and Gray (1990), Earnhart (2004a), Earnhart (2004b), and
Shimshack and Ward (2005).  The first study does not consider environmental performance; the
middle two studies consider environmental performance of publicly-owned wastewater treatment
plants; only the last study examines the environmental performance of industrial facilities.  Thus,
the present study is only the second study to examine jointly the two deterrence effects on industrial
facilities.

 Drawing upon the deterrence literature, this analysis uses the noted empirical studies as a
point of departure to expand – in three other important directions – the analysis on the effects of
government interventions on corporate environmental performance.  In other words, the present
study contributes to the literature in three other ways.  First, it examines the distinction between
federal and state inspections and compares their effects on industrial facility performance.  Second,
it examines the distinction between federal administrative and civil sanctions and compares their
effects on industrial facility performance.5  Third, this study examines how different types of
facilities and firms respond differently to government interventions.

Other economic studies examine the effects of non-regulatory factors on environmental
performance and/or behavior.  In particular, these studies explore the reasons for overcompliance,



6  Other studies explore the effects of non-regulatory factors on environmental performance and
behavior without addressing overcompliance.  Hammit and Reuter (1988) raise the possibility of “ignorant”
compliance, while Brehm and Hamilton (1996) consider the possibility of ignorant non-compliance.  Neither
study addresses overcompliance.  Hamilton (1995) and Khanna et al. (1998) explore the effect of stockholder
pressure on Toxic Release Inventory (TRI) emissions.  Since TRI emissions are mostly unregulated, these
two analyses address neither compliance nor overcompliance.

7  Other economic studies explore the connection between community characteristics and locally-
aggregated emissions.  For example, Brooks and Sethi (1997), the most sophisticated analysis of these
studies, explore the relationship between zip code-level community characteristics and locally-aggregated
Toxic Release Inventory (TRI) air emissions.  Brooks and Sethi (1997) catalog and describe other studies
that use simple correlations to link levels of or reductions in regionally aggregated air emissions and
community characteristics.  These studies, in addition to Brooks and Sethi (1997), fail to control for other
factors that may influence emission reductions, especially regulatory factors.
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which need not be explained by regulatory pressure.  McClelland and Horowitz (1999) explore the
possibility of zero marginal abatement costs.  Brännlund and Löfgren (1996) explore stochastic
emission patterns.  Arora and Cason (1996) explore firms’ desire to present a “green” image to
consumers.  Downing and Kimball (1982) assess the possibility that management’s concerns over
corporate image induce overcompliance.6

Community pressure may also explain overcompliance. A few economic studies explicitly
explore the effect of community pressure on environmental performance and/or behavior.  Henriques
and Sadorsky (1996) explore the effect of self-reported community pressure on Canadian firms’
decisions to adopt an environmental plan.  Dasgupta et al. (2000) explore the effect of self-reported
community pressure (presence versus absence) on Mexican firms’ decisions to adopt certain
environmental management practices.

Other economic studies implicitly explore the effect of community pressure on environmental
performance and/or behavior by examining polluters’ responses to the potential for citizen action,
which is measured by proxies for community pressure.  In general, these studies rely upon
community characteristics to serve as the proxies.  Maxwell et al. (2000) explore firms’ desire to
preempt citizen political action for more stringent regulations at the state level; the expectation of
citizen lobbying affects facilities’ decisions to reduce emissions.  Hamilton (1993) examines how
hazardous waste facilities consider the potential for community action when deciding where to
locate.  Pargal and Wheeler (1996) explore the effects of community characteristics on facility-level
industrial wastewater discharges in Indonesia and interpret these characteristics as capturing
community-generated “informal regulation” against facilities.  Wolverton (2002) examines the
effects of community characteristics on the location decisions of Texas plants that report Toxic
Release Inventory (TRI) emissions.  Becker (2002) examines whether community characteristics
help to explain the level of pollution abatement expenditures by manufacturing plants.  Using a
community characteristic more tightly linked to the potential for citizen action, Konar and Cohen
(1997) explore the effect of community right-to-know laws on TRI emissions.7  Lastly, Blackman
and Bannister (1998) use a facility-specific feature — membership in a local political organization



8  As a matter of fact, this contribution regarding compliance levels generalizes to most studies of
environmental performance.  Less than a handful of studies examine emissions relative to effluent limits
(Laplante and Rilstone, 1996; Earnhart, 2004a; Earnhart, 2004b; Earnhart, 2004c; Shimshack and Ward,
2005).  Some studies examine the simple distinction between compliance and noncompliance (e.g., Helland,
1998a; Nadeau, 1997; Gray and Deily, 1996), which is too limited since it ignores the fact that many facilities
overcomply with effluent limits, as demonstrated in our sample.   [As another example, McClelland and
Horowitz (1999) report that aggregate emissions from pulp and paper plants in 1992 were roughly 50 % of
the permitted emissions; as yet another example, several firms voluntarily reduce their emissions through
participation in programs such as the EPA’s 33/50 program (Arora and Cason, 1996).] Other studies analyze
absolute emission levels without reference to permitted limits (Helland, 1998b; Magat and Viscusi, 1990),
which is too limited since it ignores variation in effluent limits across facilities and across time for a given
facility.  All studies using TRI emissions do not address compliance levels since these emissions are mostly
unregulated.

9  Formal regulation may induce overcompliance when emissions are stochastic, an issue explored
by Brännlund and Löfgren (1996), as noted above.

10  The comprehensiveness of the current study stands in stark contrast to previous studies of
community pressure on corporate environmental behavior and/or performance, which do not control for
regulatory factors.  As the only exception, Dasgupta et al. (2000) control for self-reported formal regulatory
presence.

11  Earnhart (2004c) makes similar contributions for environmental performance by publicly-owned
wastewater treatment plants.
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— as a proxy for community pressure when examining the adoption of propane use by traditional
Mexican brickmakers.  Similar to these previous studies, the present analysis indirectly explores the
effect of community pressure on environmental performance using proxies for actual community
pressure.

By drawing upon these previous analyses, the present study contributes to the literature that
examines the effects of community pressure on corporate environmental performance in several
ways.  First, it examines the effects of community pressure on compliance as measured against an
identifiable regulatory standard — permitted effluent limit — unlike all the previous studies of
corporate environmental performance.   Moreover, it examines the extent of overcompliance (and
noncompliance).8  This measure of performance may better capture the effects of community
pressure since these effects may only serve to complement the effects of formal regulation, which
may sufficiently induce compliance but not overcompliance (i.e., community pressure may mostly
affect the degree of compliance rather than the status of compliance).9  Second, this study
comprehensively incorporates government interventions and their threat.  It examines separately
federal and state inspections and federal enforcement (and state fines), in the realm of both specific
and general deterrence.10  Similarly, it controls for other regulatory factors, namely general permit
conditions.11

Finally, the present study contributes to the environmental literature by considering financial
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status.  In the economics literature, only one previous empirical study examines the link from firm-
level financial status to facility-level environmental performance (Gray and Deily, 1996).  Other
studies explore the link from firm-level financial status to firm-level environmental performance
(Konar and Cohen, 2001; Gottsman and Kessler, 1998; Earnhart and Lizal, 2006).  The present study
represents only the second study of firm-level financial status to facility-level environmental
performance by linking measures of financial performance and available financial resources to
facilities’ compliance levels.  In addition, this study contributes by examining how facilities facing
different corporate financial conditions respond differently to government interventions.

3. Benefits of Our Study

The results of this study generate benefits beyond these noted contributions to the literature.
First, the results should help federal and state environmental regulatory agencies to allocate
effectively their resources to achieve environmental protection.  Specifically, using the results of our
research, federal and state environmental regulatory agencies should better understand how to use
monitoring and enforcement tools to induce less noncompliance, more compliance, and improved
environmental performance in the form of reduced wastewater discharges.  The results can provide
this help by explaining how different types of facilities or facilities in different corporate
“environments” respond differently to various influences and combinations of influences, including
government interventions and community pressure. Second, the results should help entities of the
environmentally-regulated community, the chemical sector in particular, to allocate its resources
effectively to improve their compliance level and overall environmental performance in terms of
wastewater discharges.  In particular, the results should help to identify which facility and firm
characteristics permit improvement.  Since the chemical and allied products sector is a large source
of manufacturing output and wastewater discharges, the results should be strongly generalizable to
the economy as a whole and pollution control as an overall concern.

4. Limitations of Our Study

These contributions and benefits aside, this research certainly has its limitations.  While the
analysis includes many influential factors on corporate environmental performance, it does not
consider several other noteworthy factors, such as criminal penalties, social norms, citizen suits,
market forces, and third-party liability claims (Cohen, 1999). Also, this research cannot claim to
identify causation, only statistically significant correlations, for the included factors.  Thus, it must
qualify any claims to identifying the motivations and/or abilities behind compliant or overcompliant
behavior and performance.  Finally, our conclusions are based solely on one, albeit important,
industry.

5. Analysis of Environmental Performance by Major Chemical Facilities

5.1. Selection of Sample

To examine the effectiveness of government interventions, the influence of community



12  Major industrial facilities meet one of two criteria: (1) possess a discharge flow of 1 million
gallons per day, or (2) cause significant impact on the receiving waterbody.

13  BOD and TSS are two of the five conventional pollutants (as classified by the EPA); conventional
pollutants are the focus of EPA control efforts.  The EPA considers BOD the most damaging of the

16

pressure, and the effect of financial status, this paper examines a specific type of environmental
performance: wastewater discharges by the 508 large (“major”) chemical manufacturing facilities
across the US during the years 1995 to 2001.  This selection is quite appropriate for several reasons.
First, unlike other media, regulators systematically record wastewater discharge limits, which are
critical for calculating the level of compliance (or noncompliance), and actual discharges.  Second,
the EPA focuses its regulatory efforts on EPA-classified “major” facilities.12  Third, the EPA’s
Permit Compliance System (PCS) database only systematically records wastewater discharges and
effluent limits for major facilities in the National Pollutant Discharge Elimination System (NPDES).
The 508 major facilities represented 21 % of the 2,481 chemical facilities in the National Pollutant
Discharge Elimination System (NPDES) in 2001.  Moreover, they represented the bulk of
wastewater discharges from this sector.  Therefore, the results from this sample of facilities are
strongly representative of the chemical industry as far as pollution control is concerned.

As the most important criterion for this sample selection, the sector of chemical and allied
products serves as an excellent vehicle for examining corporate environmental performance. [The
two-digit Standard Industrial Classification (SIC) code for this sector is 28.]  Several reasons exist.
First, the EPA has demonstrated a strong interest in this sector as evidenced by its study (joint with
the Chemical Manufacturing Association [CMA]) on the root causes of noncompliance in this sector
(EPA, 1999) and its study on the compliance history for this sector [Chemical Industry National
Environmental Baseline Report 1990-1994 (EPA 305-R-96-002)].  Second, the CMA has
demonstrated a strong interest in promoting pollution reduction and prevention with its Responsible
Care initiative.  Similarly, this sector displays a wide variety of environmental performance,
involving noncompliance and overcompliance.  Analysis of all major chemical manufacturing
facilities confirms this variety of compliance levels.  For example, the mean level of biological
oxygen demand (BOD) relative discharges is 0.28, while the standard deviation is 0.34 and the range
is 0 to 10.52.  Similar data for TSS relative discharges confirm this assertion.  The mean level is
0.32, the standard deviation is 0.36, and the range is 0 to 9.87.  Third, this sector permits our analysis
to exploit similarities and differences across the four-digit SIC sub-sectors.  In the sample used for
this study, the mean level of BOD relative discharges varies dramatically across the sub-sectors from
a low of 0.09 to a high of 0.70. For TSS relative discharges, the mean level varies from a low of 0.03
to a high of 0.57.  Fourth, one of the sub-sectors, industrial organics (SIC-code 2869), is regarded
by the EPA as a priority industrial sector.  Fifth, this sector is a large source of manufacturing output
and wastewater discharges.  For this last reason, results should be strongly generalizable to the
economy as a whole and pollution control as an overall concern.

To retain this strong generalizability, the study focuses on two pollutants common to most
regulated facilities: biological oxygen demand (BOD) and total suspended solids (TSS).13  Analysis



conventional pollutants and the focus of their control efforts (Helland, 1998a; Magat and Viscusi, 1990).
[Conversations with federal officials confirm this point.] TSS is also damaging.  All previous wastewater
studies focus exclusively on BOD.  The one exception is Laplante and Rilstone (1996), who also consider
TSS.  In sum, a focus on BOD and TSS discharges need not be limiting.
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of both BOD and TSS appears warranted since the two measures seem to capture different
dimensions of performance based on the weak correlation – only 0.11 –  between the two measures.
As a broader measure of compliance, the study also examines the monthly count of effluent limit
exceedances across all permitted pollutants.

5.2. Data Collection

To examine the effects of regulatory pressure — inspections and enforcement, community
pressure, and financial status on the environmental performance of US chemical manufacturing
facilities, this study gathers data from various databases.  The EPA Permit Compliance System
(PCS) database provides the following data elements for each chemical facility: (1) type of discharge
limit [initial, interim, or final], (2) indication of changes to a permit during the current five-year
issuance period, (3) monthly wastewater flow [in millions of gallons/day], (4) BOD and TSS
monthly discharge limits, (5) BOD and TSS monthly discharges, (6) indicator of effluent limit
exceedance for each regulated pollutant, (7) four-digit SIC code, and (8) location.

Further discussion on discharge measurements, limits, and limit exceedances is needed.
First, facilities monitor and facility-specific effluent limits restrict discharges according to two
pollution measures: monthly average and monthly maximum. Conversations with government
officials and the EPA’s definition of significant noncompliance, however, suggest that regulators
especially care about the average limit (GAO, 1996). Thus, this study focuses on the average
discharge and limit.  Second, facilities may monitor and facility-specific effluent limits may restrict
only quantities (e.g., kilograms of BOD), only concentrations (e.g., milligrams of BOD per liter of
water), or both. By focusing on compliance levels, the study is able to compare across all facilities
regardless of the form of their discharge measurement and effluent limit.  The analysis calculates
relative discharges – the ratio of absolute discharges and effluent limits – regardless of the type of
discharge and limit.  If both quantity and concentration limits apply, the analysis calculates the mean
level of compliance.  Third, each facility may have several points of discharge and several sources
of wastewater generation.  For each combination of discharge point and generation source, the
analysis identifies the relevant discharge level and effluent limit and then calculates the level of
relative discharges.  In order to generate a single observation for each specific facility at a particular
moment in time, the analysis calculates the mean relative discharge level across all multiple
combinations of points and sources.  In this way, the data on environmental performance match with
the facility-level data, especially the information on government interventions.  Fourth, the monthly
count of effluent limit exceedances across all regulated pollutants is calculated in a similar fashion
by summing across all multiple combinations of points and sources.   Fifth, a given facility may not
discharge any pollution in a specific month.  If true, BOD and/or TSS discharges are recorded as
zero.



14  While consideration of all natural resources may be too wide, data on water pollution control
expenditures is not readily available.  While the National Council of State Governments provides information
on water quality-related budgets for local and state agencies, it is available only for one year – 1996 –  of the
sample period.  (Results generated using this alternative measure are available upon request.)  Also, data on
state and local natural resource-related budgets are available only for the years 1995 to 1999.  The study
extrapolates these data to cover the years 2000 and 2001.

15  EPA regional data exist only for the years 1998 to 2002; the study backward extrapolates these
data to cover the years 1995 to 1997.

16 Thus, the analysis also considers the county as a relevant scale for identifying a “community”. This
scale arguably also captures an appropriate population whose utility is affected by local water quality that
is influenced by a sampled facility’s discharges. A smaller scale, such as zip code, is certainly useful.
However, it may omit people whose utility is affected by local water quality, especially since each facility
is a major polluter.  A larger scale, such as state regulatory district, would probably include water quality
unaffected by the local facility.
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The PCS database also provides data on inspections performed by federal and state
regulators.  Both the PCS database and the EPA Docket database provide data on federal fines
imposed by EPA administrative courts and civil courts.  The EPA Docket database also provides
data on federal injunctive relief sanctions and SEPs  The study integrates these two databases.  In
the first stage of our analysis, we let sanctions represent the sum of three sanction components:
monetary fines, value of injunctive relief, and value of SEP.  (Below, we consider alternative
formulations that consider these sanction components separately.)

The U.S. Census Bureau provides information on natural resource-related budgets for local
and state agencies.14  Since all EPA activities are related to natural resources, this study utilizes more
specific budgetary information on the Enforcement and Compliance Assistance program within the
EPA.  However, this information is available only for the EPA regional offices.15  For the central
EPA office, this study uses simply the entire agency budget, as provided by the Office of
Management and Budget.  The analysis divides these budgetary levels by the number of business
establishments located in a given state, region, or country; these data on business establishments are
also provided by the U.S. Census Bureau.

Two sources provide data on community characteristics.  The U.S. Census database provides
data on certain community characteristics at the locale level for 1990 and 2000.  The study translates
these decennial data into annual data by interpolating between the two endpoints, except for the year
2001, which utilizes data for the year 2000.  The Commerce Department Regional Economic
Information Service (REIS) database provides data on certain community characteristics at the
county level on an annual basis.16  The specific community characteristics are as follows: (1) voter
turnout rate and Democratic voting percentages in available presidential elections, (2) proportion of
residents with a bachelor’s degree, (3) income per capita, (4) proportion of owner occupied
households, (5) unemployment rate, (6) population density, (7) median age, (8) proportion of family
households, (9) conditional proportion of family households with children, (10) proportion of non-



17  In certain cases, the TRI database does not provide data on a facility’s parent company for a
specific year.  The study is still able to identify the parent company in most cases using additional data
available in either the PCS or TRI database.  As the most useful method, the study uses the parent company
from the preceding and succeeding years if the name remains the same.  If no parent company name is
recoverable from the TRI database, the study uses the facility name to match with the Business and Company
Resource Center database and Compustat / Research Insight database.  The study assumes that a facility
name is sufficient to identify a publicly-held firm.  Thus, if neither of the business databases indicates a
publicly-held ownership structure, the facility is assumed to be owned by a privately-held firm.  In certain
cases, the  Business and Company Resource Center database does not provide data on ownership structure.
For these cases, the study uses the Compustat database to identify ownership structure.  By default, the
company is publicly-held if found in the Compustat database, and privately-held if not found.  Finally, while
the TRI and Compustat databases provide annual data for the entire sample period, the Business and
Company Resource Center database provides data only starting in 2001.  Nevertheless, the study is able to
identify changes in ownership structure based on the Compustat database, given the assumption that the
Compustat database contains all publicly-held firms.  Fortunately, the Business and Company Resource
Center database generally indicates changes in ownership during the sample period (1995 to 2001).  This
history permits the study to search for changes in ownership structure using the annual data reported within
the Compustat database.  Without this historical information, the study would need to search the Compustat
database for all firms and for all years prior to 2001.

18  The study does apply a few other criteria for inclusion in this broadest sample.  Specifically, the
study excludes particular types of discharge and certain types of facilities.  First, it excludes discharges
reported on a non-monthly basis.  Without this restriction, it would be very difficult to compare across
facilities.  This restriction eliminates few relevant observations since practically all major facilities facing
effluent limits report their discharges monthly.  Second, the study excludes bio-solid (i.e., sludge) discharges.
Third, the study excludes industrial users, i.e., facilities that discharge into pre-treatment programs run by
publicly-owned treatment works.  This third restriction eliminates only three major facilities.  Together, the
latter two restrictions indicate the study’s focus on direct discharges into surface water bodies.
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white residents, (11) proportion of private earnings generated by chemical manufacturing, and (12)
proportion of male residents.

The EPA Toxic Release Inventory (TRI) database provides information on a facility’s parent
company.  The Business and Company Resource Center database provides data on a parent
company’s ownership structure: privately-held or publicly-held.  The Compustat / Research Insight
database provides annual and quarterly financial data on publicly-held firms.17

All dollar-denominated values are deflated to 1995 levels using the Consumer Price Index.

This study considers different sub-samples when examining different measures of
performance and different sets of explanatory factors.  First, it considers three types of performance:
BOD discharges, TSS discharges, and monthly count of effluent limit exceedances across all
regulated pollutants.  The sample for effluent limit exceedances includes all major chemical facilities
for all months across the entire sample period.  This broad sample includes 508 facilities that were
active at some point over the sample period: January, 1995, to June, 2001.18  Of these 508 facilities,



19  The PCS database does not indicate the date of activation.  Instead, it indicates only the date of
inactivation.  Nevertheless, the study identifies the apparent activation date based on the presence of DMR
records.  Details on this identification are available upon request.

20  Most facilities discharge both BOD and TSS (N=389).  Some discharge only TSS (N=86).  Very
few discharge only BOD (N=5).  And few discharge neither (N=42).  Further examination of these various
sub-samples is available upon request.  Results of a comparison between facilities that rarely discharge a
specific pollutant and facilities that almost always discharge is also available upon request.

21  The PCS database does not provide a record for each month of a facility’s existence.  The analysis
assumes that no missing record includes an operative effluent limit.  This assumption is unlikely to generate
a selection bias since the absence of a record is driven by poor recordkeeping according to EPA officials.
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456 were active throughout the entire sample period.  In contrast, 25 facilities entered the sample at
some point after January, 1995, while 27 facilities exited the sample at some point before June,
2001.19  Although technically possible, no facility is ever temporarily inactive; instead, each exiting
facility remains permanently inactive.  By including all ever active facilities, the analysis greatly
minimizes any survivor bias.  Of course, the study cannot eliminate this bias since it must select
some starting point.  However, any survivor bias is expected to be small since very few facilities exit
the sample: attrition represents only 5 % of the overall sample over a relatively long 6.5-year period.

The sub-samples for BOD and TSS discharges are smaller.  Even though most major
chemical facilities discharge both BOD and TSS, several discharge only one or neither.  Therefore,
this study considers two separate sub-samples: one for BOD and one for TSS.  To remain in each
sub-sample, a given facility must discharge the particular pollutant at least once during the seven-
year sample period.  Based on this restriction, the BOD sub-sample contains 380 facilities and the
TSS sub-sample contains 461 facilities.20  Moreover, not all facilities discharging either BOD or TSS
(or both) possess a permit that imposes effluent limits on these specific pollutants.  Given the focus
on compliance level as a measure of environmental performance, to remain in each sub-sample, a
given facility must face an effluent limit for the relevant pollutant in the particular month of
discharge.  This restriction eliminates 1,832 observations from the BOD sample, dropping its size
from 26,172 to 24,340.  The same restriction eliminates 3,152 observations from the TSS sample,
dropping its size from 32,378 to 29,226.21

This study also considers different sub-samples when examining different sets of explanatory
factors.  It considers all major facilities, when excluding financial status as an explanatory factor, and
only major facilities owned by publicly-held firms, when including financial status as an explanatory
factor.  Thus, the analysis initially excludes financial status as an explanatory factor since this
information is available only for publicly-held firms.  To examine the effect of financial status, this
study considers only major facilities owned by publicly-held firms.  This set of facilities represents
63 % of the overall sample.

5.3.  Econometric Approach



22  This construction needs elaboration.  First, the study choses a period of 12 months for various
reasons: (1) major polluters should be inspected once per year, (2) previous studies, such as Laplante and
Rilstone (1996) and Earnhart (2004a,b), examine a 12-month period of lagged interventions, and (3)
preliminary analysis indicates that other time periods [e.g., 6 and 24 months] generate less significant results.
Second, the chosen approach of accumulating interventions is more consistent with reality than the
alternative approach of including multiple monthly indicators of lagged interventions (e.g., Magat and
Viscusi, 1990).  According to EPA officials, regulatory agencies generally induce better performance by
repeatedly inspecting polluters.  The same logic may hold for enforcement using administrative sanctions.
As for enforcement using civil sanctions, such sanctions are sufficiently uncommon as not to warrant
multiple indicators.  Specifically, civil sanctions do not accumulate over a 12-month period; at the most, only
a single civil sanction is imposed over a 12-month period.  Thus, the civil sanction specific deterrence
variable  serves more as an indicator variable.  Moreover, the conditional mean civil sanction magnitude
equals the sum of civil sanctions for the same period.  In this way, the analysis can explicitly interpret the
mean magnitude as an interaction between the sanction indicator and sanction sum.  The chosen approach
of cumulative interventions also retains the explanatory power of potentially multiple inspections within a
single regressor rather than dissipating the explanatory power across several regressors.  The same concern
may also apply to administrative sanctions.  Nevertheless, future analysis may wish to explore the use of
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5.3.1. Regression Framework

This paper analyzes the effects of government interventions, community pressure, facility and
firm characteristics, and financial status on environmental performance.  To analyze these effects,
consider the following notation.  Let Yit

j represent the level of environmental performance type j for
facility i in time period t, where j0{BOD, TSS, ALL}, BOD represents BOD relative discharges,
TSS represents TSS relative discharges, and ALL represents the monthly count of effluent limit
exceedances across all regulated pollutants.  This performance level depends on a set of several
explanatory variables.  With only a few exceptions, which are noted where relevant, the set of
explanatory variables does not vary across the three types of performance: j0{BOD,TSS,ALL}.
Therefore, the notation for the explanatory variables does not include the superscript j.

To estimate the effects of government interventions on environmental performance, the
analysis must first sort out deterrence.  One form of deterrence – specific deterrence – stems from
actual interventions at specific facilities.  Facilities may be able to respond to actual interventions
within the same month of the intervention.  In this case, performance and interventions would be
simultaneously determined.  However, facilities most likely need at least a few weeks, if not several
months, to respond to interventions (Magat and Viscusi, 1990; Earnhart, 2004b). Accordingly, the
analysis uses lagged, not current, values of interventions as regressors.  In the case of inspections,
the analysis generates the cumulative count of inspections performed by the state at a specific facility
in the preceding 12-month period, denoted as Iit-12

ST, and generates the similar cumulative count of
inspections performed by the EPA, denoted as Iit-12

EPA.  In the case of enforcement, the analysis
generates the cumulative count of EPA administrative sanctions and conditional mean administrative
sanction magnitude imposed against a specific facility in the preceding 12-month period, collectively
denoted as Pit-12

ADM, and generates the cumulative count of federal civil sanctions and conditional
mean civil sanction magnitude, collectively denoted as Pit-12

CIV.22  (Below, we consider alternative



multiple monthly indicators since this approach permits the testing of whether the effects of specific
deterrence are persistent (Laplante and Rilstone, 1996).  However, this approach is complicated by the
presence of multiple interventions within the chosen timeframe, e.g., preceding 12-month period, a point not
considered by Laplante and Rilstone (1996).

23  Within an instrumental variables approach for resolving any potential simultaneity between
performance and interventions, lagged interventions serve as highly proper instrumental variables for current
interventions since lagged interventions are certainly exogenous with respect to current performance
(Laplante and Rilstone, 1996; Magat and Viscusi, 1990; Earnhart, 2004b).  Thus, the assumed connection
between lagged interventions and current performance need not be troubling.

24  Conversations with EPA officials confirm that aggregate measures of interventions properly proxy
the likelihood of an intervention.  (They also confirm the expectation that increased likelihoods prompt better
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formulations of sanction-related specific deterrence.)

  By using lagged, not current interventions as regressors, the analysis implicitly claims that
performance and interventions are not simultaneously determined.23  To buttress this claim, the study
considers the determination of interventions.  While current interventions may depend on current
performance, it is highly doubtful that agencies are cognizant of a facility’s performance in the very
month chosen for an actual intervention (Earnhart, 2004b).  Agencies more likely base their
intervention decisions on past performance since they need time to evaluate performance before
responding to it (Magat and Viscusi, 1990).  In this case, again, performance and actual interventions
are not simultaneously determined.  Instead, lagged performance is pre-determined relative to current
interventions.

The other form of deterrence – general deterrence – stems from the threat of an intervention.
As noted above, the threat divides into its two constituent components: likelihood and conditional
burden.  Similar to most previous studies of inspections (e.g., Earnhart, 2004b; Laplante and
Rilstone, 1996; Gray and Deily, 1996; Nadeau, 1997), the analysis assumes that the burden of each
inspection does not vary across the facilities.  [Only Helland (1998b) differentiates according to the
type of inspection (e.g., performance audit versus compliance evaluation).]  Instead, the analysis
focuses exclusively on the likelihood of an inspection.  The analysis denotes the likelihood of an
EPA inspection and a state inspection as ILit

EPA and ILit
ST, respectively.  Unlike similar studies, the

analysis allows the conditional burden of each sanction to vary within the sample (e.g., Earnhart,
2004b; Gray and Deily, 1996; Nadeau, 1997).  Thus, the present study considers both components
of enforcement-based general deterrence: likelihood and conditional burden.   The analysis denotes
the likelihood of an EPA administrative sanction as PLit

ADM and federal civil sanction as PLit
CIV.

(Below, we consider alternative formulations of sanction-related general deterrence.)

To capture inspection and sanction likelihoods, the analysis employs a pair of proxies based
on the annual aggregate measure of interventions against other similar facilities: major chemical
facilities in the same relevant location (e.g., state) and same time period (Earnhart, 2004b; Nadeau,
1997).24  One proxy captures the inspection likelihood; the other captures the sanction likelihood.



facility performance.)  Nevertheless, this approach assumes that the likelihood is generic to all similar
facilities.  The analysis considers few dimensions to define “similar”, namely, two-digit SIC code, EPA
classification (“major”), location (e.g., state), and time period (i.e., current year). [In the case of inspections,
the dimension of EPA classification is quite important since the frequency of inspections is dramatically
greater at major facilities than at minor facilities, due to a federal guideline to inspect major facilities at least
once annually (EPA, 1990).]  Preliminary analysis attempted to refine the determination of “similar facilities”
by expanding the dimensions used to define “similar”.  This preliminary analysis quickly encountered
concerns over the small sample sizes for particular cells as created by the cross-tabulation of multiple
dimensions, e.g., major organic chemical facilities located in New Jersey in 2000 whose wastewater flow
exceeds the 50th-percentile of all sampled facilities.

25  As alternative approach, the study could consider a 12-month moving window of historical and/or
future interventions against other similar facilities (e.g., 6 historical months and 6 future months).  Future
analysis may explore this alternative.
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This approach of considering other facilities keeps separate the two deterrence forms.  To adjust for
differences in the number of major chemical facilities across states or EPA regions and across time,
the analysis divides each aggregate count of interventions by the number of other major chemical
facilities in each state or EPA region of the given year.

When examining the threat of enforcement, the analysis captures the conditional burden
component of general deterrence using the conditional mean sanction magnitude imposed against
other major chemical facilities in the same EPA region and same time period. These conditional
mean magnitudes are denoted as PMit

ADM and PMit
CIV for EPA administrative and federal civil

sanctions, respectively.  Since the mean sanction magnitude is conditional on the imposition of a
sanction, no adjustment for the number of major chemical facilities is needed.  (Below, we consider
alternative formulations of sanction-related general deterrence.)

These constructed general deterrence measures imply a particular way of understanding a
facility’s expectations about future regulatory pressure.  As constructed, each facility gauges its
expectation of monitoring and enforcement based on the observed experience of other similar
facilities.  By considering annual aggregate measures, the analysis assumes that each facility has fully
rational, forward-looking expectations: it perfectly estimates the amount of regulatory pressure over
an entire year at the beginning of each year and retains this expectation throughout the year.
Certainly, other perspectives on general deterrence expectations exist.  Preliminary analysis indicates
that use of backward-looking expectations that are updated annually generate similar or worse
estimation results.  Use of monthly-updated measures are probably overly sensitive to monthly
variations in monitoring and enforcement events.25

These general deterrence measures should not depend on the particular facility’s performance
since the interventions are imposed against other facilities.  Instead, these “other” interventions
should depend on other facilities’ performance levels.  In addition, it is highly doubtful that one
facility’s  performance depends on other facilities’ performance. [Of course, all facilities’
performance may depend upon common factors, such as seasons (e.g., treatment may be more



26  In our project description, we proposed to include a regulatory variable that captures the
difference between the permitted effluent limit level and the mean limit level across all major chemical
facilities for a given year.  For our analysis, we did generate this explanatory factor and did incorporate it
into some of our preliminary analysis.  However, we believe that the chosen regressor – permitted effluent
limit level – is easier to interpret, especially since it is not complicated by any variation in the annual sample
mean level of permitted effluent limits.  Additionally, in our project description, we proposed to include a
regulatory variable that indicates the transitional period to a stricter limit for a specific facility.  Generation
of this explanatory variable proved too difficult when facilities face multiple effluent limits in a given month
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difficult in cold weather)].  Instead of improbable connections across individual firms’ performance
levels, the general deterrence proxies rely upon factors that are common to all similar facilities, e.g.,
location in a given state.  These common factors capture exogenous elements of regulatory pressure:
exogenous variation in regulatory pressure across states, regions, and time.

[In our project description, we devoted much space to the estimation of government
intervention decisions.  Fortunately, given the structure of our data, we do not need to estimate
government intervention decisions in order to disentangle environmental performance decisions and
government interventions that might have been simultaneously determined given alternative data
structures.  As a matter of fact, our analysis should no use estimation of government interventions
to generate specific deterrence.  Instead, we properly use lagged government interventions to capture
specific deterrence.  As opposed to specific deterrence, estimation of government interventions may
be useful for generating general deterrence measures (Earnhart, 2004a).  The predicted likelihood
of a government intervention or the predicted level of a government sanction serves as a useful
general deterrence measure.  While our analysis uses other forms of general deterrence, we also
attempted to generate general deterrence measures based on predicted government intervention
decisions.  We successfully generated inspection-related general deterrence measures using the
described approach.  However, estimation of sanctions proved too difficult, especially given their
less frequent occurence than inspections and the need to estimate dollar value levels.  Rather than
using prediction-based general deterrence measures for inspections and aggregate-based general
deterrence measures for sanctions, we chose to maintain comparable general deterrence measures
for both inspections and sanctions.]

In addition to specific and general deterrence measures, other regulatory factors may affect
the level of environmental performance.  First, the analysis captures variation in regulatory pressure
not reflected in the specific and general deterrence measures by including three regressors that
separately measure annual budgetary resources expended by state and local agencies (by state), EPA
regional offices (by region), and the EPA federal office (for the entire US).  Each budgetary measure
is adjusted by the number of establishments in each state, region, and country, respectively, for the
relevant year (Helland, 1998a).  The analysis also includes EPA regional indicators.  Second, the
analysis includes facility-specific NPDES permit conditions as regressors, which collectively capture
certain dimensions of regulatory stringency:

(1) permitted effluent limit level (in pounds/day);26



and year due to the presence of multiple pipes, multiple reporting designators, and multiple measurement
protocols in the case of BOD.  While we could have generated an indicator of a stricter limit based on the
average permitted effluent limit level for a given month and year, this approach may have masked any
assymetric effects if one limit tightens yet another limit loosens.

27  Generation of this regressor demands elaboration.  First, some facilities have multiple points of
discharge and/or sources of wastewater generation.  For each combination of discharge point and generation
source, the analysis identifies the relevant effluent limit and wastewater flow level, converts any
concentration limit to a quantity limit using the relevant flow rate, and finally calculates the mean effluent
limit across all multiple combinations of points and sources.  This approach generates a single observation
for each specific facility at a particular moment in time.  Second, in certain cases, no monthly measurement
of wastewater flow is available.  Rather than dropping these observations, the analysis imputes a replacement
value based on the following hierarchy depending on data availability: (1) facility-specific annual average
flow, (2) facility-specific sample average flow, and (3) sample-wide average flow.  This imputation affects
only 0.04 % of the TSS sample and 0.03 % of the BOD sample.

28    The analysis purposively excludes the level of environmental organization membership as a
community pressure factor since it is most likely endogenously determined, especially in the case of
discharges.  (Besides, local-level data are not available in any reasonably accessible form.)  Instead, the
analysis relies upon more general community characteristics that might affect facility performance (Brooks
and Sethi, 1997).
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(2) limit type: initial or interim versus final; and
(3) indicator for any modification(s) to NPDES permit after issuance.

For comparability, the analysis converts each concentration limit to a quantity limit using the
facility’s reported flow of wastewater for the specific month.27  Limits vary across facilities and time
due to variation in effluent guidelines across sub-sectors, seasonal variation for facilities located on
certain waterways, and use of water-quality-based standards.  To control for seasonal variation, the
analysis also includes a set of season indicators.  Let Git collectively denote these additional
regulatory conditions.

In addition to regulatory pressure, community pressure may also affect corporate
environmental performance.  The analysis attempts to capture community pressure indirectly using
key community characteristics.  These characteristics serve as proxies for pressure since they are
correlated with actual pressure (Earnhart, 2004c; Pargal and Wheeler, 1996).  As an illustrative
example, a more intellectually sophisticated (i.e., better educated) community may be expected to
mobilize its citizens more easily against and exert pressure more effectively upon local polluters than
a less sophisticated community. Specifically, this study analyzes the influences of the following key
community characteristics:28

(1) local labor market condition, as measured by the unemployment rate,
(2) political engagement, as measured by the voter turnout rate;
(3) political proclivity, as measured by the percent of Democratic voters in Presidential

elections;



29  The REIS database does not provide data on private earnings generated by chemical
manufacturing when these data would permit the identification of individual facilities.  Rather than omitting
those observations lacking data, thus introducing a potentially strong bias, the analysis imputes replacement
values according to the following hierarchy based on availability: (1) facility-specific mean over the entire
sample period, (2) state-wide mean for the relevant year [state within which the facility resides] and (3)
sample-wide mean for the relevant year.  This imputation affects roughly 20 % of the sample.  However, the
imputation rarely draws upon the sample-wide mean (<0.1 % of the sample).  Instead, 7 % of the sample uses
imputed values based on facility-specific means and 14 % of the sample uses imputed values based on state-
year specific means.  The former imputation serves as a good proxy if chemical production for a given locale
varies little over time.  The latter imputation serves as a good proxy if chemical production varies little across
space within a given state.
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(4) intellectual sophistication (or educational attainment), as measured by the proportion of
residents with at least a bachelor’s degree;

(5) community size, as measured by the population density level;
(6) community attachment, as measured by these two characteristics:

(a) the proportion of owner occupied households, and
(b) median age;

(7) health concerns, as measured by these three characteristics:
(a) proportion of family households,
(b) conditional proportion of family households with children (conditional on family

status), and
(c) proportion of male residents;

(8) wealth, as measured by per capita income;
(9) dependency on chemical manufacturing, as measured by the proportion of private

earnings generated by chemical production;29 and
(10) racial composition, as measured by the proportion of non-white residents.

Let Cit collectively denote these community characteristics.

The level of environmental performance also depends on factors besides external pressure–
regulatory and community.  In particular, it depends on facility-level characteristics:

(1) flow capacity, as proxied by the average flow of wastewater over the preceding 12-month



30   In certain cases, no monthly measurement of wastewater flow is available.  Rather than dropping
these observations, the analysis imputes a replacement value based on the following hierarchy depending on
data availability: (1) facility-specific annual average flow, (2) facility-specific sample average flow, and (3)
sample-wide average flow.  This imputation affects less than 3 % of the facility-month observations in the
sample.  Since the multivariate analysis uses the average value for the preceding 12-month period as a
regressor, these imputations prove even less important.  As a check for robustness, analysis estimates only
those observations with available data on wastewater flow.  The estimation results are highly similar to the
reported results.

31  In our project description, we proposed to gather direct data on flow capacity from EPA’s Permit
Compliance System (PCS) database.  However, these data are not available for most of the facilities included
in our sample.  Consequently, we chose to use a proxy for flow capacity instead.

32  Preliminary analysis also uses standard deviations of absolute discharge levels to measure
volatility.  The estimation results are similar to those reported.

33  Previous studies of environmental performance explore two other characteristics.  First, some
previous studies using panel data include the lagged dependent variable as a regressor (e.g., Earnhart, 2004b).
This regressor may capture potential inertia in the treatment process.  This inertia most likely stems from the
use of fixed control equipment, whose installation generally requires time (Laplante and Rilstone, 1996).
Consequently, the regressor may provide information on the facility’s stock of pollution control capital and
the general character of its abatement technology (Magat and Viscusi, 1990).  However, inclusion of the
lagged dependent variable as a regressor greatly complicates the use of panel data models (Earnhart and
Lizal, 2006).  Fortunately, inclusion of facility-specific constants in the fixed effects model may more
adequately control for the general character of a facility’s abatement technology if it varies little over time.
Second, some previous studies include the production price index for the identified sector, chemical
manufacturing in this case, as a regressor that attempts to control for variation in the opportunity cost of any
production reductions prompted by efforts to improve environmental performance (Shimshack and Ward,
2005; Helland, 1998a).  Preliminary analysis demonstrates that this regressor does not prove important.

34  In our project description, we proposed to gather from the Permit Compliance System (PCS)
database data on the types of treatment technologies used by facilities.  However, the PCS database does not
provide these data for most of the facilities in our chosen sample.
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period (millions of gallons / day);30,31

(2) marginal compliance costs, as proxied by the ratio of actual wastewater flow to flow
capacity (Helland, 1998a);

(3) volatility of wastewater discharges, as measured by the standard deviation of BOD or
TSS relative discharges over a current calendar year;32 and

(4) industrial sub-sector indicators (Table 1.b provides a full listing).

According to Brännland and Löfgren (1996), as discharge volatility rises, facilities may choose to
decrease their level of relative discharges.  Let Fit collectively denote these facility-level
characteristics.33,34

 Similar to facility-level characteristics, environmental performance most likely depends on



35  As a robustness check, this study also examines whether a firm’s size directly affects facility-level
environmental performance.  Rather than considering numerous measures of firm size, the analysis utilizes
only total assets. Similar to the distinction between financial success and available financial resources, by
controlling for total assets, perhaps the analysis is better able to mitigate against the potential correlation
between firm size and access to external credit markets.  Inclusion of total assets as a regressor in the
estimation does not alter any of the other financial-related effects.  Thus, it appears that firm size and access
to external credit markets are not driving the reported results.
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firm-level characteristics: (1)  ownership structure indicator – publicly-held versus privately-held,
and (2) financial status.  Let Nit denote ownership structure.

Financial status takes two dimensions: (1) overall financial performance and (2) financial
resources available for investment in better environmental management practices.  To capture
financial performance, this study considers four standard accounting-based measures.  Each measure
represents the ratio of net income (i.e., profits) and some measure of firm size.  Standard measures
of firm size are sales, equity, total assets, and investment.  In total, this study considers four financial
return measures.  Return on sales (ROS) is the ratio of net income to sales.  Return on equity (ROE)
is the ratio of net income to equity.  Return on assets (ROA) is the ratio of net income to total assets.
Return on investment (ROI) is the ratio of net income to investment.  This study uses ROS as the
primary measure of accounting-based financial performance.  Nevertheless, the analysis assesses the
effects of the other three measures in order to check for robustness.

To capture a firm’s amount of financial resources available for investment in better
environmental management, this study considers various accounting-based measures.  These
measures also reflect a firm’s solvency and/or liquidity.  Solvency pertains to the alignment of assets
and liabilities, while liquidity pertains to the speed with which a firm can transform assets into
“cash”.  The current ratio, which represents the ratio between current assets and current liabilities,
mostly captures a firm’s solvency.  The quick ratio, which represents the ratio between the sum of
cash and its equivalents and current liabilities, captures both solvency and liquidity.  Three measures
mostly capture liquidity.  As measures of available financial resources, this study organizes these
three measures in the following order of importance: (1) net cash flow from operating activities, (2)
net cash flow from all activities, and (3) liquid assets, as represented by the year-end cash stock.  In
each case, the study divides the absolute level separately by three measures of firm size: sales, total
assets, and a firm’s total number of employees.  This division generates nine separate measures of
available financial resources.

This study posits that is quite helpful to distinguish financial success, as captured by
accounting-based financial performance, from the availability of financial resources.  Perhaps, by
controlling for the availability of financial resources, the analysis is better able to identify the
magical “x-factor” associated with financial success (e.g., “better mindset”).35   For this distinction,
the discussion separately examines the two aspects associated with the availability of financial
resources: solvency and liquidity.  Consider first the distinction between financial performance and
solvency.  As the key defining aspect, financial performance relates to a flow, while solvency relates
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to a stock.  While a firm may be currently profitable, it might have accumulated many liabilities or
few assets in the past.  Alternatively, a firm may be currently unprofitable yet in the past have
accumulated many assets (possibly due to previous profitability) or very few liabilities.  In short,
profitability captures a firm’s current ability to perform well.  Consider second the distinction
between financial performance and liquidity, with a focus on net cash flow.  The key defining aspect
pertains to the treatment of capital expenses.  While net cash flow includes all current expenditures
on capital, net income incorporates only a portion of current capital expenses due to amortization.
For example, a firm with heavy capital expenditures in the current year will incur low (even
negative) net cash flow yet appear highly profitable.  Even in this case, the interpretations regarding
financial performance and the availability of financial resources remain intact.  A highly profitable
firm may be operating successfully yet possess limited ability to convert assets into cash because the
firm’s “resources” were recently plowed into capital.

Of course, solvency and liquidity capture distinctively different aspects of a firm’s financial
condition.  A firm may possess many assets, relative to its liabilities, yet possess limited ability to
convert those assets into cash.  Alternatively, a firm may possess few assets relative to its liabilities,
yet possess great ability to convert those assets into cash.  This distinction is reflected in Table 2.a.ii
and Table 2.b.ii, which provide the pairwise correlations for measures of available financial
resources based on annual data and quarterly data, respectively, whose use is explained immediately
below.  As shown in Table 2.a.ii, the correlation factor between the current ratio – the best measure
of solvency – and the various measures of liquidity (excluding the quick ratio) is rather lower, if not
negative, ranging between - 0.112 and 0.287 based on annual data; as shown in Table 2.b.ii, based
on the quarterly data, the correlation factor is also rather low, ranging between 0.221and 0.308.
Despite the apparent ability to distinguish between solvency and liquidity, this study does not attempt
to capture separately the effects of solvency and liquidity (though future analysis may examine these
effects separately).  Instead, this analysis focuses on the more general objective to examine the
availability of financial resources for investment.  With this goal in mind, the analysis assesses only
one measure at a time.  This point notwithstanding, the study does evaluate the joint influence of
solvency and liquidity when considering the quick ratio.  Moreover, the study is able to evaluate the
difference between solvency and liquidity by comparing across separate regressors sets that include
one specific measure versus another specific measure.

This study considers the financial status factors measured on both an annual basis and a
quarterly basis.  Data on most but not all measures of financial performance, financial resources, and
firm size are available on both bases.  Due to data availability, when measured on a quarterly basis,
this study considers only two financial return measures: return on sales (ROS) and return on assets
(ROA) [while excluding return on equity and return on investment].  Even though available, net cash
flow measures when recorded on a quarterly basis may not accurately capture a firm’s financial
situation.  Moreover, data on employees are not available on a quarterly basis.  Consequently, when
measured on a quarterly basis, this study considers only four measures of available financial
resources: current ratio, quick ratio, liquid assets divided by total assets, and liquid assets divided
by sales.
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Each type of data basis – annual and quarterly – has its strengths.  The annual data are less
sensitive to potentially irrelevant fluctuations.  In this regard, use of the annual data may better
capture a meaningful relationship between financial conditions and environmental performance if
most of the fluctuations serve only to generate noise in the estimation process.  Then again, the
fluctuations captured by the quarterly data may be important for explaining monthly data on
wastewater discharge levels.  In this regard, the quarterly data may more tightly fit with the timing
and cycle of the monthly data on discharges.  From one perspective, the annual data may better
capture overall financial conditions, while the quarterly data may better capture fluctuating financial
conditions.  A priori, it is not obvious which dimension is more important.

Regardless of the measurement basis, this study attributes the firm-level financial data to the
facility-level environmental data, while retaining the facility-level structure of the data.
Alternatively, the analysis could aggregate the facility-level environmental data to the firm level and
then match the aggregated data to the firm-level financial data.  This alternative approach is less
appealing since one of the key variables of interest, namely, government interventions, apply to
individual facilities.  Also, the study maintains the monthly structure of the facility-level
environmental data.  Alternatively, the analysis could first aggregate the facility-level environmental
data to a quarterly or annual basis and then match it to the firm-level financial data.  Again, this
alternative approach is less appealing since government interventions apply to particular moments
in time, e.g., inspections occur on one specific date or across a narrow range of consecutive dates.
This study uses the specific information on the timing of government interventions to facilitate a
better separation between environmental performance and government interventions, as addressed
above.

Since environmental performance and financial conditions may be simultaneously
determined, the analysis avoids using current financial performance.  Instead, the analysis uses
lagged financial performance, which is considered as predetermined (Austin et al., 1999; Earnhart
and Lizal, 2006).   The analysis lags the financial status data by one quarter or by one year depending
on the measurement basis of the data.  Generally, lagging financial performance avoids any
endogeneity problem (Austin et al., 1999).  If the error term associated with environmental
performance includes a time-invariant component, then the endogeneity problem remains, unless a
fixed effects model is employed, as is done in this study.  Moreover, the lagging of financial
performance seems proper since one would expect a lag between the generation of financial
resources and the ability to invest in ways of reducing wastewater discharges.  Lastly, the difference
in measurement basis between the financial data and environmental data also drives us to lag the
financial data.  Without the lagging, the data on financial conditions may actually precede the data
on environmental performance; for example, first-quarter financial data includes information about
conditions in February and March which would precede January environmental data.  Let Sit-1

collectively denotes financial status properly lagged by one period (i.e., one year or one quarter
depending upon the basis of measurement).

The analysis considers various separate samples and various sample-specific regressors sets.
The first set of samples is not used to examine financial status.  One sample in this set includes all
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facilities discharging TSS.  Another sample includes all facilities discharging BOD.  The third
sample in this first set relates to the monthly count of effluent limit exceedances and includes all
facilities.  For each sample, the following regression equation captures the functional relationship
between environmental performance and the set of explanatory variables that excludes financial
status but includes firm ownership structure:

f(Yit
j)= " + $EPA Iit-12

EPA + $ST Iit-12
ST + $ADM Pit-12

ADM + $CIV Pit-12
CIV + SEPA ILit

EPA + SST ILit
ST  +

RADMPLit
ADM + RCIVPLit

CIV + RADMPMit
ADM + RCIVPMit

CIV + 0GGit + 0CCit + 0FFit +
0NNit + F 8it + ,Yitj , (1)

where ,Yitj represents the error term and 8it
j represents the inverse Mills ratio associated with BOD

and TSS relative discharges [j0{BOD,TSS}], which is defined immediately below.

The second set of samples include facilities owned by a publicly-held firm.  As with the first
set of samples, this second set of samples includes three performance measure-specific samples: one
sample for BOD discharges, one for TSS discharges, and one for the monthly count of effluent limit
exceedances.  The regressor set includes the financial status regressors while excluding the firm-level
ownership structure indicator as captured by the following regression equation:

 f(Yit
j) = " + $EPA Iit-12

EPA + $ST Iit-12
ST + $ADM Pit-12

ADM + $CIV Pit-12
CIV + SEPA ILit

EPA + SST ILit
ST

+
RADMPLit

ADM + RCIVPLit
CIV + RADMPMit

ADM + RCIVPMit
CIV + 0GGit + 0CCit + 0FFit +

0SSit-1 + F 8it + ,Yitj . (2)

When estimating BOD relative discharges and TSS relative discharges, the analysis employs a
semilog specification: f(Yit

j)=ln(Yit
j).  This specification generates a better fit of the data than a linear

specification as expressed through a stronger prevalence of significant coefficients and a higher
adjusted R2.  Moreover, this specification is less sensitive to outliers (Gray and Deily, 1996;
Earnhart, 2004a; Earnhart, 2004b).  The analysis purposively avoids a log-linear specification since
several of the financially-related regressors cannot be log-transformed because they take negative
values (e.g., ROS).  The analysis does not consider a mixed linear/log-linear specification, which
includes both log-transformed variables and non-transformed variables, since this formulation is
difficult to justify in its original form. [In contrast, a pure log-linear specification stems from an
underlying exponential function, e.g.,  ln(y) = a + b ln(x) + c ln(z) stems from y=axbzc.]  When
estimating the monthly count of effluent limit exceedances (j=ALL), the analysis employs a linear
specification: f(Yit

j)=Yit
j.

Before estimating environmental performance, the econometric analysis must first address
the fact that facilities do not always submit Discharge Monitoring Reports (DMRs) with measured
discharges, even though federal regulations require the monthly reporting of these data.  This concern
does not apply to effluent limit exceedances since only a handful of observations indicate the failure
to submit a discharge monitoring report with information on limit exceedances.  From the BOD
sample, only 225 of the 24,340 observations lack data on measured discharges.  From the TSS



36  Self-monitoring is the most important source of information utilized by state and federal regulators
to assess environmental performance (EPA, 1990).  Although facilities may have incentives to under-report
discharges, stiff sanctions for false reports, including incarceration (Shimshack and Ward, 2005) and periodic
inspections provide countervailing incentives to report honestly (Magat and Viscusi, 1990).

37  The analysis uses a two-stage estimation process for estimating the reporting decision and
performance levels.  The nonlinearity of the probit model is sufficient for identifying the two related
equations (Greene, 1997).  Nevertheless, to help identify these two related equations, the probit equation for
the reporting decision excludes certain variables that relate to performance and includes certain variables not
related to performance (e.g., preceding 12-month average of BOD absolute discharges measured in quantity
equivalent terms, i.e., pounds per month).  A likelihood ratio test statistic confirms that the excluded
variables are jointly significant only at levels greater than 10 %.
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sample, only 252 of the 29,226 observations lack data on measured discharges.  Thus, any bias
introduced by the failure to report discharge measurements may be quite small.36

To address the non-reporting of discharges data, the study uses a Heckman correction
procedure to adjust for any potential sample selection bias (Heckman, 1979; Earnhart, 2004b).  As
the first step in this procedure, the analysis estimates a probit model of the facility’s decisions to
report monthly discharges.  Let Rit indicate the decision of facility i to report discharges in time
period t.  Let Kit indicate the set of explanatory variables.  Equation (3) captures this reporting
relationship:

Rit = &Kit + ,Rit , (3)

where ,Rit represents the error term for equation (3).  This estimation generates useful results.  For
BOD reporting, roughly two-thirds of the slope coefficients are statistically significant at the 10 %
level; in particular, flow capacity and general deterrence strongly affect the BOD reporting decision.
For TSS reporting, roughly three-fourths of the slope coefficients are statistically significant at the
10 % level; in particular, industrial sector classification and state inspection-related specific
deterrence strongly affect the TSS reporting decision.  (Details on this estimation are available upon
request.37)

As the second step of this Heckman procedure, the analysis uses the estimated probit
coefficients and associated variables to generate an inverse Mills ratio, 8it, for each observation with
reported discharges.  This ratio serves as the correction term for sample selection in the third step
of the procedure, which involves estimation of reported relative discharges, shown in equations (1)
and (2).  The inverse Mills ratios are computed separately for BOD discharges and TSS discharges
and included as regressors in the environmental performance equations for BOD and TSS relative
discharges, respectively.

As described below, the study estimates the two environmental performance equations (1)
and (2) using the following three econometric regression models: pooled ordinary least squares



38  Although proposed in our project description, we do not jointly estimate BOD- and TSS-related
environmental performance using a seemingly unrelated regression (SUR) approach.  This approach
improves the efficiency of the coefficient estimates as long as the regressor sets differ between the two
outcomes (Greene, 1997).  While differences do exist, the differences are limited to the permitted effluent
limit level, minor variations in the other regulatory factors, and the volatility of discharge measure.  As a
second benefit, use of a SUR approach permits proper testing of differences between BOD- and TSS-related
coefficients.  In contrast to these benefits, implementation of a SUR approach involves costs.  First,
implementation requires a sub-sample restricted to observations with both BOD and TSS relative discharges.
Our study seeks to examine the broadest set of facilities.  Second, implementation of a SUR approach in the
context of a random effect model is very complicated.  We believe that the costs outweigh the benefits.
Rather than implementing a SUR approach, below we estimate a composite measure that combines BOD
relative discharges and TSS relative discharges.

39  Note that use of this model eliminates the ability to estimate a coefficient for any time-invariant
regressor; the analysis considers two time-invariant regressors, EPA region and industrial sub-sector.
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(OLS), fixed effects, and random effects (Hsiao, 1986).38  The latter two models are standard panel
data models.  Each specific panel data model stems from a more general model that captures
differences across the various polluters by incorporating an individual term for each facility.  If this
facility-specific term is uncorrelated with the other regressors in equation (1), then the random
effects model is appropriate.  The random effects model captures differences across the various
polluters by including a random disturbance term that remains constant through time and captures
the effects of excluded factors specific to each facility.  If the facility-specific term is correlated with
the other regressors in equations (1) and (2), then the fixed effects model is appropriate.  The fixed
effects model captures differences across the various polluters by estimating an individual constant
term for each polluter.39  The analysis uses an F-test of fixed effects to discern whether the fixed
effects model dominates the pooled OLS model, i.e, the F-test rejects the null hypothesis of no fixed
effects.  The analysis uses the Hausman test of random effects to evaluate whether the random effects
estimates are inconsistent when compared to the fixed effects estimates.  When the Hausman test
signals that the random effects estimator is consistent with the fixed effects estimator, the random
effects estimator is preferable since it is more efficient by construction.

Unlike the BOD- and TSS-related performance measures, the monthly count of effluent limit
exceedances need not represent a continuous variable; instead, this measure represents integer or
count data.  Accordingly, the study also estimates this third performance equation using count data
models.  Specifically, we implement both a Poisson model and a negative binomial model.  Based
on the results of log-likelihood ratio tests assessing the presence of overdispersion, we conclude that
the negative binomial model dominates the Poisson model.  Based on the results of log-likelihood
ratio tests assessing the presence of fixed effects, we conclude that the fixed effects negative
binomial model dominates the standard negative binomial model.  Finally, based on the results of
Hausman tests for Random Effects, we conclude that the random effects negative binomial model
generates inconsistent estimates.  Thus, the fixed effects negative binomial model also dominates
the random effects model.  Unfortunately, use of a fixed effects negative binomial model forces our
analysis to exclude all facilities whose count of violations never varies over the sample period, in



40  When estimating relative discharges, the analysis deletes a handful of observations that indicate
BOD or TSS relative discharge levels greater than 10 (i.e., discharges exceed the permitted limit by more
than 900 %) since the regression analysis is sensitive to outliers.
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particular, those facilities that are always compliant.  While we analyze this restricted sample, we
conclude that the application of the fixed effects least squares regression model to the full sample
dominates the application of a fixed effects negative binomial model to the restricted sample.  (A
full tabulation of the results from the fixed effects negative binomial model are available upon
request, along with a full tabulation of the noted test results.) 

Lastly, estimation of the effluent limit exceedance count omits certain regressors since they
are not available or relevant for effluent limit exceedances: (1) permitted effluent limit level and (2)
volatility of relative wastewater discharge level.  Besides effluent limit, other permit conditions –
limit type and modifications – apply equally to all regulated pollutants with minor exceptions.  The
analysis reports the results when these other permit conditions are specific to BOD.  Use of TSS-
specific permit conditions does not change the results in any meaningful way.

5.3.2. Statistical Summary of Regression Variables

Table 1 provides statistical summaries of the formulated dependent variables and regressors.
These summaries draw upon the samples used for the regression analysis. First, Table 1.a
summarizes the environmental performance measures.  Facilities on average exceed 0.31 of their
limits in a given month.  Consistent with this low average, facilities do not exceed a single limit in
79 % of the sampled months (not shown in Table 1.a).  Facilities on average generate BOD
discharges that are 82 % below their BOD monthly limit.  This figure indicates a need to analyze the
degree of compliance rather than the status of compliance.  At the other end, BOD discharges surge
as high as 952 % above the permitted limits.  This figure indicates a need to analyze the degree of
noncompliance rather than the status of noncompliance.  The comparable figures lead to the same
two conclusions: on average, TSS discharges are 78 % below permitted limits, yet they surge as high
as 887 % above the permitted limits.40

Second, Table 1.b summarizes the regressors common to all measures of environmental
performance, while excluding financial-related regressors.  This summary includes information on
inspections and sanctions.  It also includes information on community characteristics.  The average
community contains about 685 people per square mile, provides at least a bachelor’ degree to about
18 % of its residents, voted for the democratic presidential candidate at a 47 % rate, enjoys nearly
$ 22,600 in income per person, and endures a 5.3 % unemployment rate.

Third, Tables 1.c and 1.d summarize the regressors specific to BOD and TSS, respectively.
These regressors mostly relate to permit conditions.  As noted above, with the exception of effluent
limit levels, permit conditions apply equally to all regulated pollutants.  The differences reported in
Tables 1.c and 1.d stem from minor exceptions and sample differences.  Facilities face initial or
interim limits about 2 % of the time.  The mean BOD discharge limit is roughly 800 pounds per day.



41  According to government officials, BOD limits are sometimes lowered to address ambient surface
water quality concerns associated with dissolved oxygen.  A similar logic applies to TSS limits.
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The mean TSS discharge limit is roughly 1,280 pounds per day.  Both BOD and TSS discharge limits
vary across facilities, across years, and within years.41  This variation confirms the need to examine
relative discharges, rather than simply 
absolute discharges.

Fourth, Table 1.e summarizes the financial status regressors.  As shown in Table 1.e,
financial data is not available for all facilities owned by publicly-held firms in all years included in
the sample period.  The absence of data is mostly explained by firms being publicly traded on stock
exchanges other than the major exchanges (e.g., New York Stock Exchange) or inactively traded.
Similar to previous studies (e.g., Russo and Fouts, 1997; Anton et al., 2004), this study assumes that
the presence of missing data does not bias the estimation results.  At a minimum, the study qualifies
the estimation results by stating that they apply only to firms actively traded on major stock
exchanges.

5.4.  Estimation Results from Analysis of Environmental Performance

5.4.1. Organization of Results

Finally, the analysis estimates the two environmental performance equations for all four of
the performance measures.  Thus, we estimate eight equations.  Initially, the analysis omits financial
status as a regressor, in order to examine all relevant facilities.  Later, the analysis includes financial
status as a regressor, while examining the sub-sample of facilities owned by publicly-held firms.
Since the regressor list includes various measures based on a preceding 12-month period, e.g.,
cumulative EPA inspections, or preceding calendar year, e.g., annual revenues, each regression
sample period starts on January, 1996.  Consequently, the sample sizes drop to 20,398 for BOD
discharges, to 23,228 for TSS discharges, and to 32,109 for limit exceedances.

As noted above, the analysis uses three econometric models – pooled OLS, random effects,
and fixed effects – and uses standard tests to assess these models. When an F-test indicates
significant facility-specific effects, the fixed effects estimator dominates pooled OLS.  Since this
dominance always holds, the study only reports the pooled OLS estimates for the sake of
comparison.  When the Hausman test signals that the random effects estimator is consistent with the
fixed effects estimator, the random effects estimator is preferable to the fixed effects estimator since
it is more efficient by construction.

5.4.2. Interpret Effects of Specific and General Deterrence

Initially, the estimation omits the financial variables.  Estimation results for BOD relative
discharges, TSS relative discharges, and monthly limit exceedances are shown in Tables 3, 4 and 5,
respectively.  As the first performance measure, this sub-section interprets the results for BOD



42  The economic theory of regulation may help to explain the unexpected result for state aggregate
inspections.  Kambhu (1989) and Kadambe and Segerson (1998) argue that increased regulatory scrutiny may
generate an indirect effect on polluters’ performance by prompting them to evade scrutiny more strongly.
This indirect effect mitigates the direct effect of increased scrutiny on polluters’ performance.  Thus, the
overall effect of an increased inspection threat on facility performance may be to increase discharges.
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relative discharges.  Based on the F-test of facility-specific fixed effects, the fixed effects estimator
dominates the pooled OLS estimator, and based on the Hausman test of fixed effects, the fixed
effects estimator dominates the random effects estimator, as shown in Table 3.  Thus, this study
focuses on the results of the fixed effects model.  Also, the insignificant coefficient associated with
the inverse Mills ratio indicates that the Heckman two-step method is not needed to correct a
selection bias associated with the reporting of BOD discharges, as shown in Table 3.

More important, the results shown in Table 3 indicate that both specific and general
deterrence affect BOD relative discharges.  Consider inspection-related deterrence.  The significantly
negative effect of preceding 12-month cumulative EPA inspections indicates that greater federal
presence on site at specific facilities improves performance.  The effect of specific deterrence from
state inspections is insignificant.  While the effect of state aggregate inspections is significantly
positive, the effect of EPA aggregate inspections is insignificant.  Thus, the threat of neither federal
nor state inspections prompts better environmental performance.42

Consider also sanction-related deterrence.  While the significantly positive effect of
preceding 12-month cumulative administrative sanctions indicates that an increase in the number of
administrative sanctions against specific facilities undermines performance, the significantly
negative effect of the preceding 12-month average administrative sanction magnitude indicates that
a larger administrative sanction improves performance.  The estimated effects for civil sanctions
indicate the opposite conclusion: more civil sanctions improve performance, while a larger civil
sanction undermines performance.  The opposite results for the count of administrative sanctions and
civil sanctions may be explained by the much lesser prevalence of civil sanctions.  Accordingly,
facilities might respond more strongly to an increase in a less frequently-imposed sanction.   As for
sanction-related general deterrence, the effect of the average number of administrative sanctions
against other similar facilities is significantly positive, while the effect of the average administrative
sanction magnitude against other similar facilities is insignificant.  In contrast, the effect of the
average number of civil sanctions against other facilities is insignificant, while the effect of the
average civil sanction against other facilities is significantly negative.  These last four results indicate
that the threat of more administrative sanctions undermines performance, while the threat of larger
civil sanctions improves performance.

In sum, these results indicate a mixed degree of effectiveness for interventions and
intervention threats in terms of both inspections and sanctions.

As the second performance measure, this section next interprets the deterrence-related results
for TSS relative discharges, as shown in Table 4.  Based on the F-test of facility-specific fixed
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effects, the fixed effects estimator dominates the pooled OLS estimator, and based on the Hausman
test of fixed effects, the random effects estimator dominates the fixed effects estimator;  however,
this dominance is only marginal (i.e., the Hausman test only marginally rejects the null hypothesis
of consistent estimates).  Consistent with this marginal dominance, the random effects and fixed
effects estimation results are quite similar.  Thus, this study considers the results of both the random
and fixed effects models even though the conclusions are identical.  Also, the significant coefficient
associated with the inverse Mills ratio indicates that the Heckman two-step method is needed to
correct a selection bias associated with the reporting of TSS discharges, as shown in Table 4.

Similar to the BOD results, the TSS estimation results indicate that deterrence affects
performance.  First, both specific and general deterrence stemming from state inspections
significantly improves performance.  Specific deterrence stemming from neither administrative nor
civil sanctions affects performance.  General deterrence stemming from state inspections improves
performance.  Similarly, general deterrence stemming from both the average administrative sanction
magnitude and the average civil sanction magnitude improves performance.  Contrary to the BOD
results, these results indicate a substantial degree of effectiveness for specific and general deterrence
stemming from both inspections and sanctions.

As the third performance measure, this sub-section finally interprets the deterrence-related
results for the monthly count of limit exceedances, as shown in Table 5.    Based on the F-test of
facility-specific fixed effects, the fixed effects estimator dominates the pooled OLS estimator, and
based on the Hausman test of fixed effects, the random effects estimator dominates the fixed effects
estimator;  however, this dominance is only marginal (i.e., the Hausman test only marginally rejects
the null hypothesis of consistent estimates).  Consistent with this marginal dominance, the random
effects and fixed effects estimation results are similar in general.  Thus, this study considers the
results of both the random and fixed effects models even though the conclusions are nearly identical.
Of the inspection-related effects, only general deterrence stemming from state inspections
significantly affects performance, oddly enough, it undermines performance.  Of the sanction-related
effects, only two are significant.  Specific deterrence stemming the number of administrative
sanctions undermines performance, yet specific deterrence stemming the average administrative
sanction magnitude improves performance.  Similar to the BOD results, these results are definitely
mixed.

The interpretation of these results partially fulfills certain objectives: (1) to identify the
effects of actual government interventions – specific deterrence – on environmental performance
[Objective1B], and (2) to identify the effects of intervention threats – general deterrence – on
environmental performance [Objective 2B].

5.4.3. Comparison of Interventions based on their Source

To fulfill Objective 1B more fully, we compare the effects of specific and general deterrence
based on the source of the intervention.  For inspections, the study compares state and federal
inspectors; for sanctions, it compares EPA administrative courts and federal civil courts.  For the first
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comparison, our analysis tests the difference between the effect of federal inspections and the effect
of state inspections on facility performance (i.e., difference between federal and state coefficients).
EPA inspections may more greatly affect corporate decisions regarding environmental performance
than state inspections since firms may believe that federal involvement indicates greater regulatory
pressure.  (For a much more detailed discussion, see sub-section # 6.3.1 below.)  We also test the
difference between the effects of EPA administrative sanctions and the effects of federal civil
sanctions.  Civil sanctions may more greatly affect environmental performance than administrative
sanctions since firms may believe that the involvement of the Department of Justice, which is
necessary for a civil court case, indicates greater regulatory pressure.  (For a much more detailed
discussion, see sub-section # 6.3.2 below.)  The analysis tests these differences using F-tests, which
pose a null hypothesis of equal effects.  The testing uses the estimation results of the fixed effects
model for BOD discharges and the random effects model for TSS discharges and limit exceedances.
As noted above, these estimation results stem from a regression model that omits the financial
regressors, while using the sample of all relevant facilities regardless of ownership structure.

  The test results are shown in Table 6.  Examine first the difference between federal
inspections and state inspections.  And consider first the specific deterrence measures.  Based on the
BOD results, the effect of actual federal inspections at a specific facility is negative, while the effect
of actual state inspections is insignificant; moreover, the difference between the two effects is
significant, as shown in Table 6.  Thus, specific deterrence stemming from EPA inspections is more
effective at improving BOD-related performance than specific deterrence stemming from state
inspections.    These results are consistent with the expectation that actual federal inspections against
specific facilities improve facility performance more strongly than do actual state inspections.
However, TSS results generate the opposite conclusion: actual state inspections against specific
facilities more effectively improve performance than do EPA inspections.  Perhaps state inspections
prompt better improvement because state inspectors may enjoy a more cooperative relationship with
regulated facilities than do federal inspectors.  Of course, the question still remains why BOD- and
TSS-specific results provide contradictory rankings of effectiveness.  Perhaps the EPA is more
concerned about BOD, while state agencies are more concerned about TSS, and these concerns are
reflected in the conduct of inspections.  In contrast to the two pollutant-specific results, results for
limit exceedances indicate no significant difference between the two inspection-related specific
deterrence effects.  Perhaps, any difference in inspection-related effectiveness is masked by the less
refined measure of counting limit exceedances.

Consider second the general deterrence measures.  The results of all three performance
measures indicate the same conclusion: no significant difference exists between EPA inspection-
related general deterrence and state inspection-related general deterrence.

Examine second the difference between EPA administrative and federal civil sanctions.
Consider first specific deterrence measures.  The BOD results indicate that an increase in the number
of civil sanctions improves performance more greatly than does an increase in the number of
administrative sanctions, while an increase in the average administrative sanction magnitude
improves performance more greatly than does an increase in the average civil sanction magnitude.
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The TSS results and monthly count of limit exceedances results indicate no significant differences.
For each performance measure, the same conclusions that apply to specific deterrence also apply to
general deterrence.  The BOD results are consistent with the expectation that specific and general
deterrence stemming from civil sanctions, at least their frequency, improves facility performance
more strongly than does deterrence stemming from administrative sanctions.  This difference may
support the conjecture that involvement on the part of the Department of Justice implies greater
scrutiny.  However, the same BOD results indicate the completely opposite conclusion in terms of
the average sanction magnitude.

5.4.4. Effects of Facility and Firm Characteristics

Objective 4B seeks to identify the effects of facility- and firm-level characteristics, other than
financial status, on environmental performance.  This sub-section assesses and interprets the results
for facility-level characteristics and non-financial firm-level characteristics (namely, ownership
structure).  By examining the statistical significance and signs of coefficients associated with facility
characteristics and non-financial firm characteristics, we partially fulfill Objective 4B.  First,
facilities owned by publicly-held firms significantly outperform facilities owned by privately-held
firms, according to BOD results.  No significant effect is indicated by the TSS or limit exceedances
results.  Second, environmental performance in general does not depend on the type of production
as captured by the industrial sub-sector.  Within the TSS results, only one individual sub-sector
generates a statistically significant coefficient.  Within the limit exceedances results, no relevant
coefficients are significant.  The BOD results cannot generate these coefficients since the industrial
sub-sector indicator is time-invariant and the fixed effects model is the dominant model, i.e., neither
pooled OLS nor the random effects model generates consistent estimates.  Third, the highly positive
effect of flow capacity indicates that larger facilities underperform smaller facilities; i.e., pollution
treatment involves diseconomies of scale.  (The effects on BOD and TSS relative discharges are
highly significant; the effect on limit exceedances is not significant.)  Given these highly significant
results, regulators should evaluate the monitoring and enforcement pressure placed on larger
facilities.  Fourth, the significantly positive effect of the flow to flow capacity ratio on TSS relative
discharges indicates that facilities facing higher marginal compliance costs increase their relative
discharges, given the interpretation that the flow to flow capacity ratio proxies for marginal
compliance costs.  The effects of this proxy on BOD relative discharges and limit exceedances are
insignificant.  Fifth, an increase in the stochasticity of wastewater discharges significantly
undermines performance in terms of BOD and TSS discharges.  According to Brännland and Löfgren
(1996), as discharge variability rises, facilities may choose to increase their mean compliance level
(i.e., decrease their average level of relative discharges).  However, these results may indicate that
a facility may not be able to separate its mean level of discharges and the deviation about this mean
level.

5.4.5. Effects of Community Characteristics

Based on the same set of results shown for interpreting deterrence effects and the effects of
facility/firm characteristics, we also explore community pressure.  By examining the statistical



40

significance of coefficients associated with community characteristics and interpreting the signs of
these coefficients, we fulfill partially Objective 6B.  Prior to interpreting the estimation results
relating to community characteristics, we must confess that exploration of the connection between
community characteristics and wastewater discharges may not capture properly the effect of
community pressure because both facility and household location decisions potentially generate
endogeneity problems.  First, a firm that wants to build a new facility is more likely to choose a
location that is more receptive to high pollution facilities (i.e., lower expected community pressure);
this receptivity may be correlated with identifiable socioeconomic factors.  Second, people who
choose to live in a neighborhood near an existing polluter are more likely to have a higher tolerance
for pollution.  Similarly, once a polluter has located at a specific site, lowered property values may
prompt individual households to leave or enter the affected community.  Again, this tolerance and
the re-location choices may be correlated with identifiable socioeconomic factors.  Given these three
noted correlations, interpreting the effects of socioeconomic factors on environmental performance
is complicated.  In general, it is difficult to avoid these endogeneity concerns.  Nevertheless, the
econometric analysis attempts to mute these concerns by employing a fixed effects model when
estimating the panel data of environmental performance.  In this way, the analysis controls for
inherently “dirty” or “clean” facilities, reducing any potential omitted variable biases associated with
the effects of community characteristics.

To fulfill partially Objective 6B, the analysis examines the effects of community pressure on
environmental performance by interpreting the estimated effects of key community characteristics.
The study draws upon the regression results based on the sample of all relevant facilities regardless
of ownership structure.  Since use of a fixed effects model helps to avoid endogeneity concerns
between facility and household location decisions, we interpret only the fixed effects estimates
regardless of the identified dominant model.  These estimates are shown in Tables 3, 4 and 5.

These conclusions follow.  First, communities suffering higher unemployment rates
fortunately enjoy better environmental performance.  This estimated effect runs counter to an
expectation that communities distracted by unemployment would not be motivated to pressure local
facilities for better environmental performance.  Second, communities that vote more often suffer
worse BOD-related performance, while enjoying better TSS-related performance (the latter effect
is only marginally significant with a p-value of 0.11).  The latter effect is consistent with the
expectation that more politically engaged communities will more effectively pressure facilities for
better performance.  Third, communities that vote more greatly for Democratic presidential
candidates enjoy better environmental performance.  This result is consistent with a potential
expectation that Democratic voters care more about environmental protection.  Fourth, more
sophisticated communities, as measured by their educational attainment, suffer worse BOD-related
and exceedance-related performance.  This result runs contrary to an expectation that better educated
communities would more effectively pressure facilities for better performance.  Fifth, more rural
communities, as measured by population density, enjoy better BOD-related performance, while
urban communities enjoy better TSS-related performance.  The latter effect is consistent with a
potential expectation that more densely populated communities might be better to mobilize pressure
against local facilities.  Sixth, communities consisting of more homeowners suffer worse BOD-
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related performance, while enjoying better TSS-related performance.  The latter effect is consistent
with the expectation that homeowners are more attached to their communities, thus, more willing
to pressure facilities for better performance.  Median age also proxies for community attachment.
Older communities enjoy both better BOD- and TSS-related performance.  The latter effect is
consistent with the similar effect of homeownership.  However, older communities suffer worse
exceedance-related performance.  Seventh, communities with more families suffer worse TSS-
related performance.  This results runs counter to the expectation that families care more about the
health concerns associated with water pollution.  Consistent with this contrary result, communities
with more families containing children suffer worse BOD- and exceedance-related performance.
In contrast, communities with more families containing children enjoy better TSS-related
performance.  Thus, an increase in the proportion of families increases TSS relative discharges, but
a shift in this proportion towards families with children actually decreases TSS relative discharges.
The proportion of male residents has no effect on any performance measures.  Eighth, more wealthy
communities enjoy better BOD- and TSS-related performance, while suffering worse exceedance-
related performance.  The former two effects are consistent with the expectation that environmental
quality is a normal good; as income rises, residents demand better environmental performance from
their local facilities.  Ninth, communities more dependent on chemical manufacturing for their
private earnings enjoy better TSS-related performance.  This result runs counter to the expectation
that communities more beholden to local facilities would be less likely to pressure these facilities
for better performance.  Tenth, less white communities suffer worse TSS-related performance, while
enjoying better exceedance-related performance.  (The positive effect of non-white residents on BOD
relative discharges is insignificant with a p-value of 0.15.)  Thus, concerns of environmental justice
are possibly evident only for TSS relative discharges.

5.4.6. Sample of Facilities Owned by Publicly-Held Firms

5.4.6.1. Details in General

The preceding sub-sections do not examine firm-level financial status.  This sub-section
incorporates financial status into the estimation as a regressor by considering the sub-sample of
facilities owned by publicly-held firms.  This examination of the effect of financial status on
corporate environmental performance fulfills Objective 7B.  For this analysis, we consider an
additional measure of environmental performance: the average of BOD relative discharges and TSS
relative discharges (hereafter “composite BOD and TSS relative discharges”).  This dependent
variable may represent the most comprehensive measure of environmental performance since it
concerns two of the five primary conventional water pollutants and considers discharges above and
below a facility’s permitted effluent limit.  (While the monthly count of effluent limit exceedances
considers all regulated water pollutants, it does not consider the discharges below a facility’s
permitted effluent limit and does not consider the degree to which discharges rise above a facility’s
permitted effluent limit.)  In contrast to this advantage, by combining the two relative discharge
levels, we are imposing the constraint that financial status affect BOD relative discharges and TSS
relative discharges in an identical manner.  Since we also examine BOD relative discharges



43  This point notwithstanding, future analysis may wish to estimate the two types of environmental
performance jointly within a seemingly unrelated regression (SUR) framework in order to test whether the
noted constraint is appropriate by testing whether the coefficients are similar within each pair, e.g., testing
the null hypothesis that the effect of ROS on BOD relative discharges equals the effect of ROS on TSS
relative discharges.
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separately and TSS relative discharges separately, we do not maintain this constraint.43

While the analysis could estimate a separate regression for each combination of financial
return measure and available resources measure, the analysis instead establishes the combination of
ROS and current ratio as the best combination or “benchmark model”.  Then the analysis considers
variations on this theme by changing only one of the two “benchmark” financial status variables; in
other words, each estimated regression includes either ROS or the current ratio as a regressor.  This
strategy generates 15 regressions using annual financial data and six regressions using quarterly
financial data.  For each dependent variable, we estimate two additional regression equations by
adding total assets as a regressor to the benchmark model: one additional equation based on  annual
total assets data and one additional equation based on quarterly total assets data.  In total, we
estimate 92 regression equations.

When estimating the benchmark model, the analysis restricts the sample to those observations
providing non-missing data for the two “benchmark” financial status factors of ROS and current
ratio.  For BOD relative discharges, the sample size equals 12,339 and 10,877 for the annual data
and quarterly data samples, respectively.  For TSS relative discharges, the sample size equals 13,913
and 12,284 for the annual data and quarterly data samples, respectively.  For composite BOD/TSS
relative discharges, the sample size equals 14,687 and 12,972 for the annual data and quarterly data
samples, respectively. For the monthly effluent limit exceedance counts, the sample size equals
18,633 and16,168 for the annual data and quarterly data samples, respectively.

When estimating the variant models, the analysis restricts the sample to those observations
providing non-missing data for all of the “non-benchmark” financial status factors (e.g., ROE and
quick ratio).  For BOD relative discharges, the sample size equals 10,888 and 10,133 for the annual
data and quarterly data samples, respectively.  For TSS relative discharges, the sample size equals
12,168 and 11,439 for the annual data and quarterly data samples, respectively.  For composite
BOD/TSS relative discharges, the sample size equals 12,797 and 12,091 for the annual data and
quarterly data samples, respectively. For the monthly effluent limit exceedance counts, the sample
size equals 16,499 and15,311 for the annual data and quarterly data samples, respectively.  The
chosen approach for identifying regression samples represents a compromise.  It maximizes the size
of the sample used to estimate the benchmark model, while fixing the sample used for the non-
benchmark variants in order to avoid sample compositional effects, i.e., changes to the coefficient
estimates generated solely by changes in the sample composition.  [Future analysis may wish to
implement two alternative approaches that considers these samples: (1) unrestricted sample for each
variant model, and (2) fully restricted sample based on non-missing data for both the benchmark and
variant models and then used for both the benchmark and the variant models.]



44  For TSS relative discharges, the F-test for fixed effects results are shown in Table 7.  Complete
results for the Hausman test for random effects are available upon request.  As an example, when considering
TSS relative discharges, for the benchmark model that includes the return on sales as the measure of financial
performance and includes the current ratio as the measure of available financial resources, the Hausman test
statistic is 47.31 and 43.92 for the annual financial data specification and quarterly financial data
specification, respectively.  Given 33 degrees of freedom for each test, the two test statistics are significant
at levels below 10 %.  The respective p-values are 0.0509 and 0.0969.
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Two further details apply to the analysis of deterrence against facilities owned by publicly-
held firms.  First, during the sample period, no major chemical facilities owned by publicly-held
firms received a civil sanction.  Thus, the analysis is not able to evaluate federal civil sanction-
related specific deterrence.  Second, below we expand our analysis to include interaction terms
between financial status and deterrence.  The estimation of many  interaction terms involving two
dimensions of financial status and the multiple components of sanction-related specific and general
deterrence proves too difficult.  Rather than considering both the likelihood of a sanction and the
conditional burden of a sanction, the study simplifies the analysis of sanctions when examining only
facilities owned by publicly-held firms.  (Below we re-assess the effects of deterrence for all
facilities based on this same simplification.)  First, our study collapses the specific deterrence-related
likelihood and conditional burden into a sum of sanctions – measured in dollars – imposed against
a specific facility in the preceding 12-month period.  Second, in a parallel fashion, the study
collapses the general deterrence-related likelihood and conditional burden into a sum of sanctions
– measured in dollars – imposed against other similar facilities adjusted by the number of other
similar facilities; the resulting measure represents the unconditional average sanction amount
imposed against other similar facilities.  In both cases, the analysis collapses the likelihood and
conditional burden components by multiplying the two components in order to generate the sanction
sum measured in dollars or dollars per facility for general deterrence.  (Below, the analysis interacts
these sanction sum measures with financial status measures.)

For equation (2), the study examines monthly data between January, 1996, and June, 2001.
As before, given the panel structure of these data, the analysis employs the standard panel data
estimators: pooled OLS, random effects, and fixed effects.  Based on F-tests for fixed effects, the
fixed effects model always dominates the pooled OLS model.  Based on Hausman tests for random
effects, the fixed effects model always dominates the random effects model since the latter is always
inconsistent, while the former is consistent by construction.  Consequently, this study reports and
interprets only the fixed effects estimates.  Given the large number of regression sets assessed and
multiple models estimated, we do not tabulate the results for all four environmental performance.
Instead, we tabulate only the results for TSS relative discharges, while interpreting the results for all
four environmental performance measures.  Complete tabulation for all four environmental
performance measures is available upon request.44  Lastly, as noted above, the count of effluent limit
exceedances represents count data and should be estimated using count data models.  Again, given
the limitations of fixed effects count data estimators, we choose to use a fixed effects least squares
regression estimator instead.



45 When included as a regressor, annual-based total assets, which represents one measure of firm size,
do not significantly affect TSS relative discharges.  Thus, it appears that larger firms, at least when measured
by total assets, do not generate better environmental performance.  Consistent with the noted insignificance,
the reported results and conclusions are robust to the inclusion of annual-based total assets as a regressor.
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Table 7 reports the estimation results from Equation (2) for TSS relative discharges.  It
reports the results of the F-test for Fixed Effects along with adjusted R-squared values.  Table 7
reports only the coefficients related to financial status.  Thus, the analysis does not re-interpret the
coefficients relating to specific and general deterrence even though our project description proposed
this re-interpretation.  Given the numerous set of regression results, provision of these results, along
with their interpretation, would be overwhelming.  Needless to say, complete estimation results are
available upon request.

5.4.6.2. Interpretation of Estimation Results for TSS Relative Discharges

We interpret the results for each environmental performance measure in turn.  We begin with
TSS relative discharges.  Our interpretation of TSS relative discharges focuses initially on the results
based on annual financial data, which are shown in Table 7.a.  ROS negatively affects TSS relative
discharges.  Thus, greater financial success seems to improve environmental performance.  Perhaps,
financial success captures the magical “x-factor” that breeds greater success in general, including
successful environmental management.  This result is not wholly robust to the measure of available
financial resources included as a regressor.  The ROS coefficient is significant in the benchmark
model and when net cash flow from operating activities – adjusted by sales or total assets – captures
the availability of financial resources.  Moreover, this result is not robust to the use of other financial
performance measures: the effects of ROA, ROE, and ROI are all insignificant.

Similar to the benchmark financial performance factor of ROS, the availability of financial
resources negatively affects TSS relative discharges.  However, this result applies only for the liquid
assets to total assets ratio and the liquid assets to sales ratio.  Thus, it appears that greater availability
of financial resources improves environmental performance.  One might expect a priori that greater
availability of financial resources improves environmental performance by allowing firms to manage
better non-financial matters because greater liquidity provides more cash resources and greater
solvency provides more financial “breathing room”.  Moreover, one might suspect that insolvent
firms might discount any delayed consequences of poor environmental performance, such as EPA-
imposed sanctions, since these firms might be bankrupt by the time the EPA gets around to
sanctioning them.  However, since the two best measures of solvency – current ratio and quick ratio–
do not significantly affect environmental performance, a firm’s solvency may not prove important
for the management of wastewater discharges.45

In contrast to the annual financial data-based results, the regressions based on quarterly
financial data, as shown in Table 7.b, generate insignificant coefficients for all considered financial
factors.  Perhaps, the quarterly financial data are mostly capturing noise rather than meaningful



46  To explore this point further, the study assesses whether liquid assets (as captured by quarter-end
cash stocks), unadjusted for firm size, affect TSS relative discharges.  The analysis indicates that firms with
more cash, in an absolute sense, seem to generate better environmental performance.  Perhaps, dividing the
cash stock by sales or total assets de-emphasizes the importance of cash on hand.  Certainly, the unadjusted
amount of quarter-end cash does not appear merely to capture firm size because inclusion of quarterly-based
total assets (which represents one measure of firm size) as a regressor does not alter the significance of the
coefficient for unadjusted quarter-end cash stock.  Moreover, the coefficient for quarterly-based total assets
is insignificant.  Thus, it appears that larger firms, at least when measured by total assets, do not generate
better environmental performance.  Consistent with the noted insignificance, the reported results and
conclusions are robust to the inclusion of quarterly-based total assets.

47  However, ROS does positively affect the composite relative discharges, similar to ROE, if liquid
assets (i.e., year-end cash stock) are included as a regressor without any adjustment with respect to sales,
total assets, or number of employees.  This unadjusted variable does not appear to proxy for firm size since
the inclusion of total assets as a regressor does not make the liquid assets coefficient become significant.
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fluctuations in financial status.46

5.4.6.3. Interpretation of Estimation Results for Composite BOD/TSS Relative Discharges

We next consider composite BOD and TSS relative discharges.  We initially focus on results
drawn from the annual data on financial status.  Financial performance, as measured by ROE, has
a positive effect on composite BOD and TSS relative discharges.  Neither ROA nor ROI influence
this composite discharge measures.  Similarly, ROS does not influence these relative discharges.47

When measured by the current ratio, quick ratio, and liquid to total assets ratio, financial resource
availability has a significantly negative effect on relative discharges.  However, when measured by
net cash flow from all activities (regardless of the adjustment type), financial resource availability
has a positive effect on relative discharges.  (The current ratio’s effect is robust to various measures
of financial return.)  Thus, greater financial resource availability appears to improve or undermine
environmental performance, as measured by composite BOD/TSS relative discharges, depending on
the chosen measure of financial resource availability.  Yet, the more prevalent effect is to improve
environmental performance, consistent with our a priori expectation.  Since the current ratio mostly
captures solvency and net cash flow mostly captures liquidity, we can interpret the results by
reporting that greater solvency appears to undermine environmental performance, while greater
liquidity seems to improve environmental performance.

The results from the quarterly financial data generate similar conclusions.  Better financial
performance, as measured by both ROS and ROA, leads to worse environmental performance.
However, the effect of ROS is only significant when the current ratio is not used to capture financial
resource availability.  In this case, the effect of ROS is mostly robust to various measures but is not
significant when included within the benchmark combination of financial status factors.  Regardless
of the measure used to capture financial resource availability, this factor when measured on a
quarterly basis does not significantly influence composite BOD/TSS relative discharges.  Perhaps,
the greater variability in the quarterly data on financial resource availability undermines the
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econometric model’s ability to establish a relationship between financial resource availability and
environmental performance.

These results and conclusions are robust to the inclusion of total assets as a regressor for both
analyses: based on annual financial data and based on quarterly financial data.  As important, total
assets – on both an annual and quarterly basis – significantly affect composite BOD/TSS relative
discharges: in particular, larger firms, as measured by total assets, appear to generate better
environmental performance.

5.4.6.4. Interpretation of Estimation Results for BOD Relative Discharges

Next, we consider BOD relative discharges.  We initially focus on results based on the
estimation of financial data measured on an annual basis.  Financial performance, as measured by
ROS and ROE, positively affects relative discharges.  (ROE also positively affects composite
BOD/TSS relative discharges.)  Thus, it appears that better financial success leads to worse
environmental performance.  However, this effect is significant only when the current ratio captures
financial resource availability.  And the effect of financial resource availability depends on the
measure used to capture it.  Both the current ratio and the quick ratio negatively affect BOD relative
discharges, while sales-adjusted net cash flow – either from operating activities or from all activities
– and employee-adjusted liquid assets positively affect relative discharges.  (The effect of the current
ratio is completely robust to the inclusion of various financial performance measures.)  The former
set of effects indicates that greater financial resource availability leads to better environmental
performance, while the latter set of effects indicate that greater financial resource availability leads
to worse environmental performance.  A priori, one might expect that greater solvency improves
environmental performance by allowing firms to manage better non-financial matters because
solvency provides more financial “breathing room”.  Moreover, one might suspect that insolvent
firms might discount any delayed consequences of poor environmental performance, such as EPA-
imposed sanctions, since these firms might be bankrupt by the time the EPA gets around to
sanctioning them.  Perhaps, the consideration of liabilities, as captured by the current ratio and quick
ratio, is important for capturing a firm’s solvency and liquidity as it relates to the management of
wastewater discharges.

In contrast to these regression results based on annual financial data, the regression results
based on quarterly financial data indicate that quarterly-based financial performance has no
significant effect on BOD relative discharges.  Moreover, the same financial resource availability
measures that generate negative effects on relative discharges when measured on an annual basis –
current ratio and quick ratio – generate positive effects when measured on a quarterly basis.  These
results seem to indicate that quarterly increases in financial resource availability actually undermine
environmental performance, while annual increases in financial resource availability improve
environmental performance.  Perhaps, the quarterly-based effects are spurious results driven by the
greater volatility inherent to the quarterly data.  Alternatively, the quarterly financial data, which
match closer in time to the monthly discharges data, capture an interesting relationship in which
firms facing greater insolvency attempt to improve their environmental performance.
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All of these results and conclusions are robust to the inclusion of total assets – measured
annually or quarterly – as a regressor.  This additional regressor proves highly significant in both
cases.  As quarterly or annual total assets grow, BOD relative discharges fall.  Thus, it appears that
larger firms, at least when measured by total assets, generate better environmental performance.

5.4.6.5. Interpretation of Estimation Results for Count of Effluent Limit Exceedances

Fourth, we consider environmental performance as captured by the monthly count of effluent
limit exceedances (i.e., violations).  Initially, we focus on the results based on annual financial data.
Regardless of the financial return measure used, financial performance does not influence effluent
limit exceedances.  When measured by the current ratio, financial resource availability has a positive
effect on effluent limit exceedances.  (However, this significance requires the inclusion of ROS as
the measure of financial performance.)  This result runs contrary to the current ratio’s negative effect
on composite BOD/TSS relative discharges and on BOD relative discharges.  (The current ratio does
not significantly influence TSS relative discharges.)  When measured by sales-adjusted liquid assets,
financial resource availability has a negative effect on effluent limit exceedances.  Thus, greater
resource availability, depending on the measure used, may improve or undermine environmental
performance.  Based on our understanding of the various measures, it appears that greater solvency
(as measured by the current ratio) undermines environmental performance, yet greater liquidity (as
measured by adjusted liquid assets) actually improves environmental performance.

When financial status is recorded on an annual basis, neither financial performance nor
financial resource availability, regardless of the measure used for either factor, significantly affects
effluent limit exceedances.

These results and conclusions are robust to the inclusion of total assets, which is designed
to capture the direct effect of firm size, as a regressor, regardless of the basis for financial data.  As
important, annually-measured total assets do not significantly influence effluent limit exceedances,
while quarterly-measured total assets significantly and positively influence exceedances.  Thus,
larger firms, as measured by quarterly total assets, apparently generate worse environmental
performance.

5.4.6.6. Summary: Effects of Financial Status

In sum, financial performance positively affects the most comprehensive measure of relative
discharges – composite BOD/TSS relative discharges.  Similarly, financial performance positively
influences BOD relative discharges.  In contrast, financial performance negatively influences TSS
relative discharges.  However, these conclusions are not robust to the use of various measures for
capturing financial performance and are not robust to the inclusion of various measures for capturing
financial resource availability.  Lastly, financial performance has no influence on the count of
effluent limit exceedances, regardless of the measures used to capture financial performance and
financial resource availability.  (These conclusions are based on results drawn for the annual
financial data; results drawn from the quarterly financial data either support these conclusions or
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prove statistically insignificant.)  Similarly, the effect of financial resource availability on
environmental performance greatly depends on the measure used to capture financial resource
availability.  Some measures positively influence environmental performance, while others
negatively influence environmental performance, and some do not significantly influence
environmental performance.  This conditionality applies to all four measures of environmental
performance.  Moreover, the estimated effect of a particular measure of financial resource
availability depends on the measure of environmental performance examined.  For example, when
measured on an annual basis, the current ratio negatively affects composite BOD/TSS relative
discharges and BOD relative discharges, but positively affects monthly limit exceedances, while
having no effect on TSS relative discharges.  In addition, the conditionality depends on the
measurement basis of the financial data: annual or quarterly.  For example, even though the annually-
recorded current ratio negatively affects BOD relative discharges, the quarterly-recorded current ratio
positively affects BOD relative discharges.  These points notwithstanding, perhaps the most
important set of results on which to focus relate to composite BOD/TSS relative discharges, the
benchmark model (which uses ROS to capture financial success and the current ratio to capture
solvency), and financial data recorded on an annual basis.  In this case, financial success does not
affect environmental performance, while financial resource availability negatively affects relative
discharges.  Thus, better financial performance apparently neither begets nor undermines good
environmental performance, yet greater financial resource availability appears to improve
environmental performance.

5.4.6.7. Interactions between Financial Status and Deterrence

The preceding discussion examines the main effects of financial status on environmental
performance.  Next, the study examines the interactions between financial status and deterrence
stemming from government interventions.  (We did not propose in our project description any
analysis of these interactions.)  These interactions help to indicate whether facilities facing different
corporate financial conditions respond differently to government interventions.  Put differently, our
study assesses whether the effects of government interventions on environmental performance
depend on financial status.  The analysis captures these interactions by multiplying each regressor
representing government interventions, e.g., state inspection-related specific deterrence, by each
regressor representing financial status, e.g., ROS.  Again, the imposition of civil sanctions is not
sufficiently frequent to permit estimation of the interaction between federal civil sanction-related
specific deterrence and financial status.  Still, the analysis is able to estimate the interactive terms
between (1) inspection-related deterrence, administrative sanction-related deterrence, and civil
sanction-related general deterrence, and (2) firm-level financial status.

When estimating an econometric model that includes interactions, our analysis does not
estimate environmental performance for each of 21 regressions described above.  Instead, for the
sake of brevity, the analysis estimates only the benchmark model, which includes ROS and current
ratio as the measures of financial status.  (Future analysis may wish to assess the robustness of the
reported results by exploring the interactions based on the variant models.)
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When generating a priori expectations regarding the interactions between financial status and
deterrence stemming from government interventions, this study accepts the possibility that financial
success and the availability of financial resources may affect both facilities’ abilities to respond to
interventions and their desires (i.e., incentives) to respond to interventions.

We do not tabulate and interpret results for all four environmental performance measures.
Instead, we interpret only the results for TSS relative discharges and BOD relative discharges and
tabulate only the results for TSS relative discharges.  Moreover,  Table 8 reports only the estimation
results for the individual interactive terms relating to the two dimensions of financial status, along
with adjusted R2 measures and F-tests for fixed effects.  (Complete regression results are available
upon request.)  The analysis also jointly tests for statistical significance by testing sets of interaction-
related coefficients, e.g., all interactions related to state inspections.  Table 9 reports the results from
F-tests that discern whether a particular set of interactive terms collectively differ from zero.  As
shown in Table 9, the analysis considers the following sets:

(1) All Interactions relating to Financial Performance (ROS),
(2) All Interactions relating to Available Financial Resources (Current Ratio),
(3) All Interactions relating to Inspections,
(4) All Interactions relating to Sanctions,
(5) All Interactions relating to Inspection-related Specific Deterrence,
(6) All Interactions relating to Inspection-related General Deterrence,
(7) All Interactions relating to Sanction-related Specific Deterrence, and
(8) All Interactions relating to Sanction-related General Deterrence.

5.4.6.7.1. Interactions between Financial Status and Deterrence: TSS Relative Discharges

The interpretation of TSS relative discharges initially focuses on results based on the
estimation of annual financial data, as shown in Tables 8.a and 9.a.  In total, six of the 14 individual
interaction-related coefficients are statistically significant, as shown in Table 8.a.  All but one of the
sets of interaction-related coefficients are jointly significant, as shown in Table 9.a.  These results
reveal much more joint significance than individual significance.

This sub-section begins its discussion of TSS relative discharges estimates by examining the
joint tests for statistical significance.  Regardless of the combination of interaction-related
coefficients, deterrence depends on financial status, with one exception: specific deterrence from
sanctions.  In contrast to this exception, general deterrence from sanctions depends on financial
status.48  As shown in Table 9.a, the general deterrence result appears to overwhelm the specific
deterrence result since sanction-related deterrence of any kind depends on financial status.  Across
the board, deterrence from inspections depends on financial status.  Overall, statistical significance
is not particular to either of the two financial status factors: deterrence depends on financial
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performance and availability of financial resources, as shown in the top two rows of Table 9.a.

Next, this sub-section discusses individual interaction coefficients, as shown in Table 8.a.
Consider first interactions involving financial resource availability, as shown in the lower portion
of Table 8.a.  Interactions between available financial resources and either federal inspection-related
general deterrence or state inspection-related general deterrence negatively affect TSS relative
discharges, while interactions between available financial resources and either federal inspection-
related specific deterrence or civil sanction-related general deterrence positively affect TSS relative
discharges.  These results generate the following conclusions.  First, actual federal inspections appear
less productive against resource-laden firms even though the threat of federal inspections appears
more productive against resource-laden firms.  The first part of this conclusion seems contrary to the
expectation that resource-laden firms are better able to respond to actual federal inspections because
they are more likely to possess the financial resources needed to respond.  Alternatively, perhaps,
greater resource availability dulls facilities’ concerns over the sting of a federal inspection.  The
second part of this conclusion seems consistent with the expectation that the more resource-laden
firms are better able to adjust their operations to an increased threat of inspection because they
possess more financial resources needed for this adjustment.  Second, similar to federal inspections,
the threat of state inspections appears more productive against resource-laden firms, which is
consistent with the a priori expectation.  Third, contrary to both federal and state inspections, the
threat of civil sanctions appears less productive against resource-laden firms.  Perhaps, greater
availability of financial resources dulls facilities’ concerns over the financial sting of future
sanctions.

Consider next interactions involving financial performance, as shown in the upper portion
of Table 8.a.  The interaction between financial performance and state inspection-related specific
deterrence positively affects TSS relative discharges, while the interaction between financial success
and federal inspection-related general deterrence negatively affects TSS relative discharges.  Thus,
actual state inspections are less productive against financially successful firms, while the threat of
federal inspections are more productive.  Perhaps, financial success prompts facilities to discount
the less noteworthy state inspections when they occur even while inducing facilities to fear the
possibility of the more noteworthy federal inspections. [Earnhart (2004a) describes in more detail
the apparently greater heft of a federal inspection as compared to a state inspection.]

Next, this sub-section focuses on results based on the estimation of quarterly financial data,
as shown in Tables 8.b and 9.b.  In total, only four of the 14 individual interaction-related
coefficients are statistically significant, as shown in Table 8.b.  Some of the sets of interaction-
related coefficients are jointly significant, as shown in Table 9.b.  Relative to the results drawn from
the annual financial data, use of the quarterly financial data generates less statistical significance
regarding the interaction-related coefficients.  It appears that the annual financial data are better able
to establish a connection between TSS relative discharges and interactions involving financial status.

As with the annual financial data-related results, this sub-section begins its discussion by
examining the joint tests for statistical significance, as shown in Table 9.b.  First, inspection-related
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on financial status, yet specific deterrence from state inspections does depend on financial status.

50  Although not shown in Table 9.b, both general deterrence from administrative sanctions and
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specific deterrence depends on financial status.49  In contrast, inspection-related general deterrence
does not depend on financial status.  More important,  inspection-related deterrence of any kind does
not depend on financial status.  Apparently, the inspection-related general deterrence results
dominate the inspection-related deterrence results.  Second, while specific deterrence from
(administrative) sanctions does not depend on financial status, sanction-related general deterrence
does depend on financial status.50  The latter result seems to dominate since sanction-related
deterrence of any kind depends on financial status.  However, the noted statistical significance of
deterrence-related interactions does not generalize to the financial status factors separately.  While
deterrence overall depends on the availability of financial resources, it does not depend on financial
performance (though the p-value is almost marginally significant at 0.11).

Last, this sub-section discusses the individual interaction coefficients.  First, as shown in the
lower portion of Table 8.b, the interaction between financial resource availability and civil sanction-
related general deterrence positively affects TSS relative discharges, similar to when resource
availability is measured on an annual basis.  Thus, the threat of civil sanctions appears less
productive against resource-laden firms.  Perhaps, resource-laden firms believe that they will be
better able to withstand the potential burden of a civil sanction.  Second, as shown in the upper
portion of Table 8.b, interactions between financial performance and either state inspection-related
specific deterrence or administrative sanction-related general deterrence positively affect TSS
relative discharges, while the interaction between financial performance and state inspection-related
general deterrence negatively affects TSS relative discharges.  While the threat of state inspections
appears more productive against financially successful firms, actual state inspections appear less
productive.  Perhaps, financial success deadens facilities’ concerns over actual, certain events but
heightens their concerns over future, uncertain events.  In contrast to state inspections, the threat of
administrative sanctions appears less productive against financially successful firms.  Perhaps,
successful firms believe that they are more capable of bouncing back from a hit to the bottomline.

5.4.6.7.2. Interactions between Financial Status and Deterrence: BOD Relative Discharges

Second, we consider BOD relative discharges when assessing interactions between financial
status and deterrence.  We initially focus on results based on the estimation of financial data
measured on an annual basis.  As noted above, the main effect of total assets is statistically
significant.  Consequently, we interact total assets with each of the government intervention-related
regressors, while including both the main effect regressor and its interactions as regressors.  In total,
nine of the 21 individual interaction-related coefficients are statistically significant.  All but one of
the sets of interaction-related coefficients are jointly significant.  In other words, the results reveal
much more joint significance than individual significance.  These results may indicate one of three



52

situations: (1) a few individual interaction coefficients are dominating the joint tests for statistical
significance, (2) important synergies exist between the interaction terms, and (3) the interaction
terms are sufficiently collinear.

We start our discussion by examining the joint tests for statistical significance.  Specific
deterrence from federal inspections depends on financial status and firm size.  Specific deterrence
from state inspections depends on financial status and firm size.  Overall, inspection-related specific
deterrence depends on financial status and firm size.  Similarly, general deterrence from federal
inspections and general deterrence from state inspections depends on financial status and firm size.
Overall,  inspection-related general deterrence depends on financial status and firm size.  Moreover,
inspection-related deterrence of any kind depends on financial status and firm size.  Specific
deterrence from administrative sanctions depends on financial status and firm size.  While general
deterrence from administrative sanctions does not depend on financial status and firm size, general
deterrence from civil sanctions does depend on financial status and firm size.  Nevertheless, overall,
general deterrence from either administrative or civil sanctions depends on financial status and firm
size.  Moreover, sanction-related deterrence of any kind depends on financial status and firm size.
This statistical significance is not particular to any of three financial condition factors.  Deterrence
depends on financial performance, financial resource availability, and firm size (as measured by total
assets).

Next, we discuss individual interaction coefficients.  First, the interaction between federal
inspection-related specific deterrence and solvency positively affects BOD relative discharges.  Thus,
actual federal inspections appear less productive at lowering relative discharges when a firm enjoys
greater resource availability.  This result seems contrary to the expectation that firms with greater
financial resource availability are better able to respond to federal inspections.  Perhaps, federal
inspections are more productive at prodding firms who are otherwise focused on solvency problems.
Second, the interaction between federal inspection-related general deterrence and solvency also
positively affects BOD relative discharges.  Thus, the threat of federal inspections also appears less
productive at lowering relative discharges when a firm enjoys greater financial resource availability.
Third, the interaction between state inspection-related specific deterrence and financial performance
negatively affects BOD relative discharges.  Thus, actual state inspections appear more productive
at lowering relative discharges when a firm is more financially successful.  Perhaps, financial success
improves facilities’ willingness to respond to inspections.  Fourth, the interaction between state
inspection-related general deterrence and financial performance positively affects BOD relative
discharges.  Contrary to actual state inspections, the threat of state inspections appears less
productive at lowering relative discharges when a firm is more financially successful.  Perhaps,
financial success improves facilities’ willingness to respond to actual inspections but dulls their
concern over future inspections.  Fifth, the interaction between administrative sanction-related
specific deterrence and financial performance positively affects BOD relative discharges.  Contrary
to actual state inspections, actual administrative sanctions appear less productive at lowering relative
discharges when a firm is more financially successful.  Perhaps, financial success dulls facilities’
concerns over the financial sting of sanctions.  Sixth, the interaction between civil sanction-related
general deterrence and financial performance negatively affects BOD relative discharges.  Contrary
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to actual administrative sanctions, the threat of a civil sanction appears more productive at lowering
relative discharges when a firm is more financially successful.  Perhaps, financial success heightens
facilities’ concerns over the potential for being penalized but only in the case of a civil court; this
concern does not apply to the potential for being penalized by an administrative judge.  Seventh, the
interaction between federal inspection-related general deterrence and firm size positively affects
BOD relative discharges.  Thus, the threat of a federal inspection appears less productive at lowering
BOD relative discharges against larger firms.  Perhaps, larger firms believe that they are better able
to manage the imposed burden of a federal inspection.  Eighth, the interaction between
administrative sanction-related general deterrence and firm size negatively affects BOD relative
discharges.  Contrary to the threat of federal inspections, the threat of an administrative sanction
appears more productive against larger firms.  Perhaps, larger firms fear that imposition of an
administrative sanction creates greater lateral damage, such as a larger loss to the corporation’s
reputation.  Ninth, the interaction between civil sanction-related general deterrence positively affects
BOD relative discharges.  Contrary to the threat of administrative sanctions, the threat of civil
sanctions appears less productive against larger firms.  Perhaps, larger firms are more willing to or
capable of surviving a civil court case.

Next we focus on results based on the estimation of financial data measured on a quarterly
basis.  As noted above, the main effect of total assets is statistically significant.  Consequently, we
interact total assets with each of the government intervention-related regressors, while including both
the main effect regressor and its interactions as regressors.  As with the annual financial data-related
results, the inclusion of interactions with total assets improves the statistical significance of the
interaction-related coefficients when considered individually and jointly.  In total, 10 of the 21
individual interaction-related coefficients are statistically significant.  Many of the sets of interaction-
related coefficients are jointly significant.  Again, but to a lesser extent, the results reveal more joint
significance than individual significance.

As before, we start our discussion by examining the joint tests for statistical significance.
Specific deterrence from federal inspections depends on financial status and firm size, but specific
deterrence from state inspections does not depend on financial status and firm size.  Nevertheless,
inspection-related specific deterrence overall depends on financial status and firm size.  Similarly,
general deterrence from federal inspections depends on financial status and firm size, while general
deterrence from state inspections does not.  Nevertheless, inspection-related general deterrence
overall and inspection-related deterrence of any kind depends on financial status and firm size.
Specific deterrence from administrative sanctions depends on financial status and firm size.  In
contrast, neither general deterrence from administrative sanctions nor general deterrence from civil
sanctions depends on financial status and firm size; the same holds for sanction-related general
deterrence overall.  Regardless, sanction-related deterrence of any kind depends on financial status
and firm size.  As with the results based on annual financial data, the noted statistical significance
is not particular to any of the three financial condition factors.  Deterrence depends on financial
performance, financial resource availability, and firm size (as measured by total assets).

Next, we discuss individual interaction coefficients.  First, the interaction between federal
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inspection-related general deterrence and solvency negatively affects BOD relative discharges.
Contrary to annual-based solvency, the threat of federal inspections appears more productive, as
opposed to less productive, at lowering relative discharges when a firm enjoys greater resource
availability based on quarterly data.  Perhaps, the quarterly data on financial resource availability
better captures a firm’s improved ability to draw upon financial resources in order to modify
wastewater management as government monitoring conditions change.  Second, the interaction
between state inspection-related general deterrence and solvency negatively affects BOD relative
discharges.  Similar to the threat of federal inspections, the threat of state inspections appears more
productive when a firm enjoys greater resource availability.  Third, the interaction between
administrative sanction-related specific deterrence and solvency negatively affects BOD relative
discharges.  Similar to inspection threats, actual administrative sanctions appear more productive at
lowering relative discharges when a firm enjoys greater resource availability.  Consistent with a
priori inspections, firms with greater resource availability appear better able to muster the financial
resources possibly needed to respond to imposed administrative sanctions.  Fourth, the interactions
between federal inspection-related specific deterrence and financial success and between state
inspection-related specific deterrence and financial success both negatively affect BOD relative
discharges.  Thus, actual inspections – either federal or state – appear more productive against
financially successful firms.  Fifth, in contrast, the interaction between administrative sanction-
related specific deterrence and financial success positively affects BOD relative discharges.  While
actual inspections may be more productive against more financially successful firms, actual
administrative sanctions are less productive against financially successful firms.  Perhaps, financially
successful firms find constraints on their time, such as those imposed by inspections, more thought-
provoking than burdens on their finances, such as those imposed by sanctions.  Sixth, the interactions
between total assets and either federal inspection-related specific deterrence, federal inspection-
related general deterrence, or administrative sanction-related specific deterrence negatively affect
BOD relative discharges.  Thus, actual federal inspections, the threat of federal inspections, and
actual administrative sanctions appear more productive against larger firms.  Perhaps, larger firms
are better able to respond to these events and the future possibilities of them.  Seventh, the
interaction between civil sanction-related general deterrence and total assets positively affects BOD
relative discharges.  In contrast to actual administrative sanctions, the threat of civil sanctions
appears less productive, rather than more productive, against larger firms.  Perhaps, larger firms feel
that they possess the means of thwarting future civil sanctions.

Use of quarterly financial data generates 10 significant interaction-related coefficients, while
use of annual financial data generates nine significant coefficients.  Of the 10 quarterly significant
coefficients, eight indicate that better financial performance, greater resource availability, or larger
size leads to improved effectiveness for deterrence to induce lower relative discharges.  In contrast,
only three of the eight annual significant coefficients demonstrate this improvement in effectiveness.
Perhaps, the quarterly data are better able to capture the a priori relationship between (1) financial
performance, resource availability, and firm size and (2) ability to respond to actual interventions
or the threat of interventions.

5.5. Interactions between Deterrence Measures and Facility/Firm Characteristics
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5.5.1. Introduction, Organization of Results, and Joint Assessment of Interactions

To complete the remaining components of Objective 4B, we next interact the various
measures of specific and general deterrence with facility characteristics and firm characteristics,
while including these interactions as additional regressors in our estimation of the four
environmental performance measures, including composite BOD and TSS relative discharges.  These
interactions help to indicate whether different types of facilities or facilities facing different corporate
conditions respond differently to government interventions.  In other words, the analysis tests
whether the effects of deterrence differ according to facility- or firm-level characteristics.  To test
for these differences, the analysis assesses whether the coefficients on the interactive terms are
significantly different from zero.

The estimation of many interaction terms involving numerous facility and firm characteristics
and the multiple components of sanction-related specific and general deterrence proves too taxing.
Rather than considering both the likelihood of a sanction and the conditional burden of a sanction,
the study simplifies the analysis of sanctions.  (Below we re-assess the main effects of deterrence
based on this same simplification.)  First, our study collapses the specific deterrence-related
likelihood and conditional burden into a sum of sanctions – measured in dollars – imposed against
a specific facility in the preceding 12-month period.  Second, in a parallel fashion, the study
collapses the general deterrence-related likelihood and conditional burden into a sum of sanctions
– measured in dollars – imposed against other similar facilities adjusted by the number of other
similar facilities; the resulting measure represents the unconditional average sanction amount
imposed against other similar facilities.  In both cases, the analysis collapses the likelihood and
conditional burden components by multiplying the two components in order to generate the sanction
sum measured in dollars or dollars per facility for general deterrence.  Then our analysis interacts
these sanction sum measures with facility and firm characteristics.

Similarly, estimation of many interaction terms involving numerous industrial sector
indicators and the multiple deterrence factors proves too taxing.  Consequently, we collapse the
narrow sectors, which are based primarily on 4-digit SIC codes, into the three following broad
manufacturing sector categories:

 (1) organic chemicals manufacturing category, which includes these four-digit SIC codes:
2812, 2813, 2816, 2819, 2873, 2874;

(2) inorganic chemicals manufacturing category, which includes these four-digit SIC codes:
2821, 2823, 2824, 2843, 2865, 2869, 2891, 2899; and

(3) other chemicals manufacturing category, which includes all other four-digit SIC codes.

For each environmental performance measure, we assess whether or not these groups place
inappropriate constraints on the individual sectoral indicators.  In other words, we test the joint null
hypothesis that the coefficients of all the individual sectoral indicators in any given broad sectoral
group equal.  For each environmental performance measure, F-test results indicate that we cannot
reject the joint null hypothesis of equal effects for all three of the broad sectoral groups.  (Test results
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are available upon request.)

Lastly, we revise our approach for estimating indicator variables.  In order to facilitate
interpretation of characteristic-related indicator variables and their associated interactions with
deterrence factors, we include all indicators for a given set of indicators as regressors in our
estimation, rather than omitting one of the indicators in a particular set.  For example, we include
an indicator for organic chemicals, an indicator for inorganic chemicals, and an indicator for other
chemicals.  By including all three indicators, we are able to interpret the coefficient for each indicator
as representing that particular broad sectoral group’s deviation from the average sectoral group
(Suits, 1984).  In contrast, omission of one of the broad sectoral group indicators forces our analysis
to interpret the coefficients for the remaining sectoral groups as representing deviations from the
omitted sectoral group.  To accommodate the inclusion of an entire set of indicators, we must restrict
the sum of the coefficient magnitudes associated with the indicators to equal zero (Suits, 1984).  We
must also restrict the sum of coefficient magnitudes of any related interactions to equal zero for each
particular set of indicators.  For example, the coefficients for the interactions between state
inspection-related general deterrence and the organic chemicals indicator, inorganic chemicals
indicator, and other chemicals indicator must sum to zero.  This alternative approach of estimating
the effects of indicators also allows us to interpret the main effects of deterrence without reference
to any omitted indicator categories.  Moreover, the main effects of deterrence represent the “average”
effect as long as we mean-adjust the regressors that are interacted with the deterrence factors.  This
mean-adjustment must precede the interaction process.  For example, we subtract the mean effluent
limit level from each observation’s effluent limit level and the mean state inspection-related general
deterrence level from each observation’s level of state inspection-related general deterrence before
interacting effluent limit and state inspection-related general deterrence.  (Further details on this
mean-adjustment and the proper interpretations are available upon request.)

Due to insufficient variation, the analysis is not able to estimate certain interactions.  For
administrative sanction-related specific deterrence, our analysis cannot estimate interactions with
the following characteristics: limit type and permit modification.  For civil sanction-related specific
deterrence, our analysis cannot estimate interactions with the following characteristics: limit type,
permit modification, and ownership structure.

For each performance measure, based on the F-test of facility-specific fixed effects, the fixed
effects estimator dominates the pooled OLS estimator, and based on the Hausman test of Random
Effects, the fixed effects estimator dominates the random effects estimator.  (These F-test and
Hausman test results are available upon request.)  Accordingly, the analysis focuses its interpretation
on estimation results from the fixed effects model for each performance measure, with one
noteworthy exception.

Use of the fixed effects estimator eliminates our ability to assess the interactions between
broad sectoral groups and deterrence factors since industrial sector does not vary over time for any
given facility (at least based on our available data).  In order to retain our ability to assess these
sectoral interactions, we estimate the functional relationship between each environmental
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performance measure and the set of regressors, including all of the interactions between facility and
firm characteristics with deterrence factors, using a pooled OLS estimator.51  We report and interpret
only the sectoral interactions.  Table 11.1.1 reports the estimation results for the numerous individual
interactive terms relating to broad sectoral groups based on pooled OLS estimation of BOD relative
discharges.  For the other environmental performance measures, we do not report the actual
coefficient magnitude estimates along with their associated standard errors.  Instead, Table 10 simply
indicates whether or not a particular interaction is statistically at significance levels at or below 10
%.  Table 10.a reports the results for composite BOD/TSS relative discharges; Table 10.c reports the
results for TSS relative discharges; Table 10.d reports the results for the monthly count of violations.
In addition, Table 10.b provides a comparable tabulation for BOD relative discharges.

Table 11.2.1 reports the estimation results for the numerous individual interactive terms
relating to non-sectoral characteristics based on fixed effects estimation for BOD relative discharges.
For the other environmental performance measures, again we do not report the actual coefficient
magnitude estimates along with their associated standard errors.  Instead, Table 10 simply indicates
whether or not a particular interaction is statistically at significance levels at or below 10 %.  Table
10.a reports the results for composite BOD/TSS relative discharges; Table 10.c reports the results
for TSS relative discharges; Table 10.d reports the results for the monthly count of violations.  In
addition, Table 10.b provides a comparable tabulation for BOD relative discharges.

In addition to these individual interaction terms, we also report on and interpret the results
from F-tests that discern whether a particular set of related interactive terms jointly differ from zero.
For example, this assessment allows us to determine whether deterrence depends on industrial sector,
in general, yet not depend specifically on any single industrial sector.  As indicated by our test
results, much more joint statistical significance exists than individual statistical significance.  For
each of the four environmental performance measures, our analysis considers the following sets of
interactive terms:

(1) broad industrial sectoral groups;
(2) flow/discharge factors: capacity, flow to flow capacity ratio, and discharge volatility;
(3) regulatory factors: effluent limit level, limit type, permit modification; and
(4) ownership structure.

Moreover, these sets are divided into four sub-sets:

(1) inspection-related specific deterrence,
(2) inspection-related general deterrence,
(3) sanction-related specific deterrence, and
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(4) sanction-related general deterrence.

In addition, for each environmental performance measure, we assess interactions between all of the
non-sectoral characteristics (based on the fixed effects estimation results) and each of the individual
deterrence factors:

(1) federal inspection-related specific deterrence,
(2) state inspection-related specific deterrence,
(3) federal inspection-related general deterrence,
(4) state inspection-related general deterrence,
(5) administrative sanction-related specific deterrence,
(6) civil sanction-related specific deterrence,
(7) administrative sanction-related general deterrence,
(8) civil sanction-related general deterrence.

Based on the estimation of BOD relative discharges, Table 11.1.2 reports the F-test results for broad
sectoral group interactions and Table 11.2.2 report the F-test results for the other interactions.  Based
on the estimation of TSS relative discharges, Table 12.1.1 reports the F-test results for broad sectoral
group interactions and Table 12.1.2 report the F-test results for the other interactions.  Based on the
estimation of composite BOD/TSS relative discharges, Table 11.2.1 reports the F-test results for
broad sectoral group interactions and Table 12.2.2 report the F-test results for the other interactions.
Based on the estimation of monthly effluent limit exceedances (i.e., violations), Table 12.3.1 reports
the F-test results for broad sectoral group interactions and Table 12.3.2 report the F-test results for
the other interactions.

For BOD relative discharges, we assess tighter and broader sets of interactions terms.  In
particular, for the broad sectoral groups, we assess jointly the set of interactions relating to each
particular deterrence factor, as shown in the bottom section of Table 11.1.2.  Similarly, for each of
the following characteristic sets – (1) ownership, (2) flow/discharge factors [i.e., capacity, flow ratio,
discharge volatility, and (3) regulatory factors – we assess jointly the set of interactions relating to
each particular deterrence factor, as shown in the top section of Table 11.2.2.  In addition, the third
section of Table 11.2.2 reports our assessment of broader sets of interaction terms that combine
specific deterrence and general deterrence.  Thus, for each characteristic set, this section separately
considers (1) inspection-related deterrence and (2) sanction-related deterrence.   Although not
reported in any table, we perform identical F-tests for the remaining environmental performance
measures: TSS relative discharges, composite BOD/TSS relative discharges, and effluent limit
exceedances count.

Space does not permit an exhaustive interpretation of this joint assessment for the many
characteristics, numerous deterrence factors, and multiple measures of environmental performance.
Instead, we guide the reader’s analysis of the many relevant tables by briefly interpreting a portion
of the tabulated results for BOD relative discharges.  First, consider the interactions associated with
the broad sectoral groups.  As shown in Table 11.1.1, the effect of federal inspection-related specific
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deterrence significantly depends on the organic chemicals sector, i.e., facilities manufacturing
organic chemicals respond differently to federal inspections than the average facility.  Moreover, this
effect significantly depends on the three broad sectoral groups when assessed jointly, as shown in
the bottom section of Table 11.1.2.  In contrast, state inspection-related specific deterrence does not
depend on any of the broad sectoral groups, as shown in Table 11.1.1.  Moreover, this lack of
significance extends to all sectoral groups when assessed jointly, as shown in the bottom section of
Table 11.1.2.  Lastly, this lack of statistical significance for state inspections dominates when
considering specific deterrence associated with federal inspections and state inspections jointly, as
shown in the top section of Table 11.1.2.

Second, consider interactions not associated with the broad sectoral groups.  As shown in
Table 11.2.1, the effect of administrative sanction-related specific deterrence significantly depends
on discharge volatility but on neither flow capacity nor flow ratio.  Despite this one significant
individual interaction, administrative sanction-related specific deterrence does not depend on these
three characteristics when considered jointly, as shown in the top section of Table 11.2.2.  Similarly,
the effect of civil sanction-related specific deterrence depends significantly on flow capacity and
discharge volatility but not on flow ratio, as shown in Table 11.2.1.  This significance extends to all
three flow/discharge-related interactions when considered jointly, as shown in the top section of
Table 11.2.2.  When considering the effects of administrative sanctions and civil sanctions jointly,
the second section of Table 11.2.2 reports that sanction-related specific deterrence significantly
depends on flow/discharge-related factors (i.e., flow capacity, flow ratio, discharge volatility).  Thus,
the significance of civil sanctions dominates the insignificance of administrative sanctions.  The third
section of Table 11.2.2 indicates that this statistical significance extends to all deterrence associated
with sanctions: specific deterrence and general deterrence.  In other words, when considering specific
deterrence and general deterrence together, the interactions involving sanction-related deterrence and
flow/discharge-related factors (i.e., flow capacity, flow ratio, volatility) are jointly different from
zero.  Put differently, the effectiveness of sanctions appears to depend on flow/discharge-related
factors.

As demonstrated by these two illustrations and shown in the various tables, the F-test results
indicate much more joint statistical significance than the t-test results for coefficients indicate
individual statistical significance.

Complete regression results stemming from the inclusion of interactions between facility/firm
characteristics and deterrence factors as regressors are available upon request.

5.5.2. Examination and Interpretation of Individual Interactions between Deterrence and
Characteristics

Finally, we examine the individual interactions between deterrence and facility and non-
financial firm characteristics.  We analyze in a variety of ways whether the deterrent effects of
government interventions depend on characteristics of facilities in the chemical manufacturing
industry.  We analyze environmental performance as measured by BOD relative discharges, TSS
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relative discharges, composite BOD/TSS relative discharges, and the count of effluent limit
violations.  Table 10 reports the specific results.  For the purposes of interpretation, a positively
signed interaction indicates a positive connection between a particular deterrent effect and a given
characteristic.  This positive connection in turn indicates that the particular deterrent is less effective
at inducing better environmental performance when the given characteristic is relevant.  In other
words, a positive interaction indicates that the particular deterrence type generates a more positive
(or less negative) effect on relative discharges when the given characteristic is relevant.  A deterrence
type is effective at inducing better environmental performance when it drives down the level of
relative discharges or the count of effluent limit exceedances, which implies a negative effect.
Obviously, a less negative effect implies less success at inducing lower relative discharge levels or
small exceedance count.  Conversely, a negatively signed interaction indicates a negative connection
between a particular deterrent effect and a given characteristic, which in turn indicates that the
particular deterrent is more effective at inducing better environmental performance when the given
characteristic is relevant.

5.5.2.1. Interactions relating to Industrial Sector

First, we assess whether facilities in different SIC code groups react differently to
government interventions.

Within the interactions associated with industrial sector, we first assess interactions relating
to federal inspections.  As shown in Table 10.b, we find that organic chemical manufacturing
facilities experience a greater decrease in discharges of BOD following a federal inspection than the
average chemical manufacturing facility.  We find, however, that federal inspection-related general
deterrence is less effective against organic chemical manufacturing facilities than against the average
chemical facility.  Thus, although federal inspections seem to have a particularly positive effect on
facilities with organic chemical manufacturing SIC codes (in terms of reduced BOD discharges
following an inspection) in terms of specific deterrence, it had the opposite effect in terms of general
deterrence.  Federal inspections also had a greater general deterrent effect for other chemical
facilities than for the average chemical manufacturing facility.

Results from the estimation of TSS relative discharges reflect negative connections (i.e.,
improved performance) between the specific deterrent effect of federal inspections and facilities with
an inorganic SIC code and the general deterrent effect of federal inspections and facilities with either
an inorganic SIC code or an SIC code other than organic and inorganic.  We find positive a positive
connection between the general deterrent effect of federal inspections and facilities with an organic
SIC code.  We find the same results for composite BOD/TSS discharges, except that we detect no
significant connection between the specific deterrent effect of federal inspections and facilities with
an inorganic SIC code.  For all pollutants subject to effluent limitations, we find negative
connections between the specific deterrent effect of federal inspections and facilities with an organic
SIC code and the general deterrent effect of federal inspections and facilities with an SIC code other
than organic or inorganic.
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(2) State Inspections

Within the interactions associated with industrial sector, we next assess interactions relating
to state inspections. Our data reveal no connections between any of the SIC codes and either the
specific or general deterrent effect of state inspections for BOD discharges.  For TSS discharges, on
the other hand, we find a connection in each of the relevant categories.  There are negative
connections (i.e., improved performance) between both the specific and general deterrent effects of
state inspections and facilities with SIC codes other than organic or inorganic.  We find positive
connections (i.e., worsened performance) between both the specific and general deterrent effect of
state inspections and facilities with either organic or inorganic SIC codes.  Our data on composite
BOD/TSS discharges reveal precisely the same set of relationships as we find in the data on TSS
discharges, except there is no connection between the general deterrent effect of state inspections
and facilities with an organic SIC code.  The data on discharges of all regulated pollutants generate
positive connections between the specific deterrent effect of state inspections and facilities with
either an inorganic SIC code or an SIC code other than organic or inorganic.

(3) Federal Administrative Sanctions

Within the interactions associated with industrial sector, we next assess interactions relating
to federal administrative sanctions. Federal administrative sanctions had a greater specific deterrent
effect on BOD discharges from facilities with inorganic SIC code designations than on BOD
discharges from facilities in the chemical manufacturing sector as a whole.  Federal administrative
sanctions had a lower (i.e., less effective) specific deterrent on chemical manufacturing facilities
other than those with organic and inorganic SIC codes than on the industry as w hole, but a greater
general deterrent effect.  Those sanctions also had a lower general deterrent effect on facilities with
organic SIC codes than on all facilities in the chemical manufacturing sector.  The results for TSS
discharges are dramatically different.  We find negative connections between both the specific and
general deterrent effect of administrative sanctions and facilities with an organic SIC code.  We find
the opposite results for facilities with an inorganic SIC code.  For composite BOD/TSS discharges,
we find negative connections between the general deterrent effect of administrative sanctions and
both facilities with an organic SIC code and facilities with an SIC code other than organic or
inorganic.  The data reveal a positive connection between the general deterrent effect of
administrative sanctions and facilities with an inorganic SIC code.  Finally, the only connection we
find concerning administrative sanctions and discharges of all regulated pollutants is a negative
connection between the specific deterrent effect of such sanctions and facilities with an organic SIC
code.

(4) Federal Civil Sanctions

Within the interactions associated with industrial sector, we next assess interactions relating
to federal civil fines.  For BOD discharges, the data generate a negative connection between the
general deterrent effect of federal civil (judicially imposed) sanctions and facilities with an inorganic
SIC code.  We find a positive connection, however, between that general deterrent effect and BOD
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discharges from facilities with an SIC code other than organic or inorganic.  The results for TSS
again differ from those for BOD.  We find negative connections between the general deterrent effect
of civil sanctions and facilities with either an organic SIC code or an SIC code other than organic
or inorganic.  The opposite result apply to facilities with an inorganic SIC code.  For composite
BOD/TSS discharges, there is a negative connection between the general deterrent effect of civil
sanctions and facilities with an organic SIC code, bit a positive effect between that deterrent effect
and facilities with an inorganic SIC code.  We find no significant connections between the specific
or general deterrent effect of civil sanctions and any group of facilities discharging all regulated
pollutants.

5.5.2.2. Interactions relating to Ownership Structure, Flow-related Factors, and
Regulatory Factors 

When assessing individual interactions between deterrence and facility/firm characteristics,
we next examine whether the effectiveness of government interventions depends on ownership
structure, flow-related factors (flow capacity, flow to flow capacity ratio, discharge volatility), and
regulatory factors (permitted effluent limit level, permit limit type, and presence of a permit
modification).  Put differently, we next assess the relationships between the various government
interventions and factors such as whether the facility is in public or private ownership, what the
facility’s flow capacity is and what its flow to flow capacity ratio is, the degree of volatility of
discharge levels from a particular facility over the course of a calendar year, the level of the
permitted effluent limit for a particular pollutant, whether the facility’s effluent limitations for a
particular pollutant are initial or interim limit types or final limit types, and whether a permit has
been modified.

(1) Federal Inspections

Within the interactions associated with non-sectoral characteristics, we first assess
interactions relating to federal inspections. With respect to BOD relative discharges, we find a
positive connection between flow capacity and the specific deterrent effect of federal inspections
(i.e., as flow capacity increased, the specific deterrent effect of a federal inspection decreased).
Similarly, the specific deterrent effect of federal inspections is positively correlated with a final limit
type for BOD.  It is negatively correlated, however,  with an initial or interim limit type for BOD.
The specific deterrent effect of a federal inspection is also positively correlated with the absence of
a modification of a particular permit’s effluent limitation for BOD (and negatively with the presence
of such a modification), so that federal inspections had a greater specific deterrent effect on BOD
discharges at facilities that had received such modifications than at facilities without modifications.
This result is consistent with the hypothesis that facilities that have already received permit
modifications are more responsive to inspections than firms in the industry as a whole because they
may have had more contact with water regulators and therefore either feel at greater risk of liability
in the event of a violation or are willing to be more responsive due to past communications with
water regulators.   The specific deterrent effect of a federal inspection is negatively correlated with
the volatility (i.e., variability across a month) of BOD discharges.  The general deterrent effect of
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federal inspections, however, is positively correlated with BOD volatility, so that the general
deterrent effect weakens as discharge variations across a month increased.  There is a negative
connection between the general deterrent effect of federal inspections and flow ratio for BOD.

For TSS relative discharges, we find a positive connection between the general deterrent
effect of federal inspections and public ownership of the discharging facility, but a negative
connection between that deterrent effect and private ownership.  We find a positive connection
between the specific deterrent effect of federal inspections and flow ratio, but a negative connection
between that effect and volatility.  We find the reverse situation for the general deterrent effect of
federal inspections:  a positive connection with respect to volatility and a negative one for flow ratio.
  We find a positive connection between the general deterrent effect of federal inspections and the
size of the limits imposed on BOD discharges.  The data reveal a negative connection between the
general deterrent effect of federal inspections and the existence of a permit modification, but a
positive connection in the event the permit had not been modified.

For composite BOD/TSS relative discharges, we find a positive connection between the
general deterrent effect of federal inspections and public ownership, volatility, and the size of the
effluent limit.  We find a negative connection between the general deterrent effect of federal
inspections and private ownership and flow ratio.  The data reveal negative connections between the
specific deterrent effect of federal inspections and volatility and the existence of a permit
modification, and positive connections between that deterrent effect and both flow ratio and the
absence of a permit modification.  Finally, the date for discharges of all regulated pollutants reveal
a negative connection between both the specific and general deterrent effect of federal inspections
and private ownership.  Public ownership is positively correlated with both the specific and general
deterrent effect of federal inspections.  We also find a positive connection between the specific
deterrent effect of federal inspections and flow ratio.

(2) State Inspections

Within the interactions associated with non-sectoral characteristics, we next assess
interactions relating to state inspections.  When we analyze the performance of large chemical
manufacturing facilities discharging BOD following state inspections, we find we find a negative
connection between the specific deterrent effect of state inspections and flow capacity.  The
connection between the specific deterrent effect of state inspections and flow ratio, however, is
positive.  We find a negative connection between the specific deterrent effect of state inspections and
the presence of an initial or interim limit type in the facility’s permit, but a positive connection
between that effect and the presence of a final limit type for BOD discharges in the permit.  We find
a positive connection between the general deterrent effect of state inspections and the presence in
the permit of an initial or interim limit.  A negative connection exists between the general deterrent
effect of state inspections and the presence of a final limit type for BOD.  Both the specific and
general deterrent effects of state inspections are positively correlated with the size of the BOD limit
contained in the permit (i.e., the higher the BOD limit is, the weaker the deterrent effect of a state
inspection is).  The general deterrent effect of state inspections is negatively correlated with BOD
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volatility, the opposite of the result we find for federal inspections.

For TSS relative discharges, we find that the negative connections between the specific
deterrent effect of state inspections and both volatility and the absence of a permit modification and
between the general deterrent effect of state inspections and both discharge limits and the presence
of a final permit limit.  The data generate positive connections between the specific deterrent effect
of state inspections and both volatility and the absence of a permit modification, and between the
general deterrent effects of state inspections and volatility and the presence of an initial or interim
effluent limit.

For composite discharges of BOD/TSS, a negative connection exists between the specific
deterrent effect of state inspections and both the presence of an initial or interim effluent limit and
the existence of a permit modification.  A positive connection exists between the specific deterrent
effect of state inspections and both the size of the effluent limit and the presence of a permit
modification.  With respect to the general deterrent effect of state inspections, we find a negative
connection with both volatility and the presence of a final permit limit, and a positive connection
with the presence of an initial or interim effluent limit.  

For violations involving all regulated pollutants, we find a negative connection between both
the specific and general deterrent effect of state inspections and public ownership and between the
general deterrent effect of state inspections and private ownership.  There is a positive connection,
however, between the specific deterrent effect of state inspections and private ownership.  The data
reveal a positive connection between the specific deterrent effect of state inspections and both flow
capacity and flow ratio, but a negative connection between the general deterrent effect of state
inspections and flow capacity.

(3) Federal Administrative Sanctions

Within the interactions associated with non-sectoral characteristics, we next assess
interactions relating to federal administrative fines. The results from our analysis of BOD relative
discharges show a negative connection between the specific deterrent effect of federal administrative
sanctions and discharge volatility.  The data also demonstrate negative connections between the
general deterrent effect of administrative sanctions and volatility, limit size, and the existence of a
permit modification.  We find positive connections, however, between the  general deterrent effect
of administrative sanctions and both flow ratio and the absence of a permit modification.

For TSS relative discharges, there is a positive connection between the specific deterrent
effect of administrative sanctions and the size of the permit limit.  We also find positive connections
between the general deterrent effect of administrative sanctions and flow ratio, volatility, effluent
limit size, and the absence of a permit modification.  The only negative connection we find with any
facility characteristic and administrative sanctions imposed on facilities discharging TSS is between
the general deterrent effect of those sanctions and the existence of a permit modification.
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We find a positive connection between the specific deterrent effect of administrative
sanctions for composite discharges of BOD/TSS and public ownership, but a positive connection
between that effect and private ownership.  All of the other connections we find relate to the general
deterrent effect of administrative sanctions on composite BOD/TSS discharges.  the connections
pertaining to volatility, the presence of an initial or interim limit, and the existence of a permit
modification are negative.  The connections pertaining to flow capacity, flow ratio, effluent limit
size, the presence of a final effluent limit, and the absence of a permit modification are positive.  The
only connection between administrative sanctions and discharges of all regulated pollutants is a
positive connection between the general deterrent effect of administrative sanctions and flow
capacity.

(4) Federal Civil Sanctions

Within the interactions associated with non-sectoral characteristics, we next assess
interactions relating to federal civil fines. For relative discharges of BOD, the results from our
analysis reveal negative connections between the specific deterrent effect of federal civil sanctions
and both flow ratio and volatility.  A negative connection also exists between the general deterrent
effect of civil sanctions and flow capacity.  We find a positive connection between the general
deterrent effect of civil sanctions and volatility, however.

For TSS relative discharges, there is a positive connection between the specific deterrent
effect of civil sanctions and volatility.  All the rest of the connections relate to the general deterrent
effect of civil sanctions.  The connections between that effect and flow capacity, the presence of an
initial or interim effluent limit, and the existence of a permit modification are negative.  The
connections between that effect and the size of the effluent limit, the presence of a final effluent
limit, and the absence of a permit modification are positive.

We find few connections between civil sanction impositions and composite discharges of
BOD/TSS.  There is a negative connection between both the specific and general deterrent effects
of civil sanctions and flow capacity, as well as between the specific deterrent effect of civil sanctions
and volatility.  We find a positive connection between the general deterrent effect of civil sanctions
and volatility.  We find no connections between any of the facility characteristics we analyze and the
specific or general deterrent effect of civil sanctions and the discharge of all regulated pollutants.

5.5.2.3. Patterns across Environmental Performance Measures

A review of the relevant tables shows that for all four environmental performance measures
– BOD relative discharges, TSS relative discharges, composite BOD/TSS relative discharges, count
of effluent limit violations –  there exists a positive connection between the general deterrent effect
of federal inspections and facilities with an organic SIC code.  We find precisely the opposite for the
general deterrent effect of federal inspections and facilities with an SIC code other than organic or
inorganic.  Thus, facilities with an organic SIC code are relatively less responsive to inspections at
other facilities than are chemical facilities with any other SIC codes.
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None of the other connections cross all four environmental performance measures in this
manner.  Quite a few connections, however, apply in like manner to three of the four pollutant
categories.  These include a negative connection between the specific deterrent effect of federal
inspections and volatility (BOD, TSS, and composite BOD/TSS relative discharges; no connection
for the count of effluent limit violations) and a negative connection between the general deterrent
effect of federal inspections and flow ratio (the same three relative discharge measures; no
connection for violation counts).  We find positive connections between the general deterrent effect
of federal inspections and volatility for the same three relative discharge measures.  We also find
positive connections between the specific deterrent effect of federal inspections and flow ratio for
all of the environmental performance measures except BOD relative discharges (for which there is
no connection).

With respect to state inspections, there is a positive connection for BOD, TSS, and composite
BOD/TSS relative discharges between the specific deterrent effect of state inspections and limit size
(and no connection for the count of effluent limit violations).  We find a negative connection
between the general deterrent effect of state inspections and the existence of a final effluent limit for
the same three relative discharge measures (and no connection for the count of violations).

For federal administrative sanctions, negative connections between the general deterrent
effect of those sanctions and the existence of a permit modification exists for BOD, TSS, and
composite BOD/TSS relative discharges (with no connection for the count of effluent limit
violations).  Positive connections emerged for the same three relative discharge measures between
the general deterrent effect of administrative sanctions and both flow ratio and the absence of a
permit modification, with no connection in either case for violation counts).  We find no connections
across any three of the four environmental performance measures for federal monetary civil
sanctions.

5.6. Re-Assessment of Deterrence and Comparison of Sanction Types

5.6.1. Introduction

In this sub-section, we re-assess the effects of federal sanctions on environmental
performance.  [To repeat, we use the term “sanction” to represent either a fine, an SEPs, or an
injunction.  In addition, we use the term “non-fine sanction” to describe either an SEP or an
injunctive relief sanction.]  In particular, we re-formulate federal sanctions according to the various
dimensions associated with sanctions: (1) source of sanction: administrative court versus civil court,
and (2) type of sanction: fine versus SEP versus injunctive relief sanction.  We interact these two
dimensions in various ways.  First, we distinguish by the source of the sanction but do not
distinguish according to the type of sanction.  Second, we distinguish partially by the type of sanction
– fine versus non-fine – but do not distinguish by the source of the sanction.  Third, we distinguish
fully by the type of sanction – fine versus SEP versus injunctive relief sanction, while still not
distinguishing by the source of the sanction.  Finally, we distinguish by both the type of sanction and
the source of the sanction.  We are not able to assess the effect of specific deterrence stemming from
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civil injunctive relief sanctions since no facilities in our sample received this particular type of
sanction during the chosen sample period.

As part of this re-assessment, we also vary the form that we use to capture the effects of
sanctions.  We separately consider three forms: (1) presence of sanctions, (2) count of sanctions, and
(3) dollar value of sanctions.  Presumably, the third form – sanction dollar value – is the most
comprehensive form since it controls for variation in the monetary “sting” of any imposed sanction;
in other words, it distinguishes between smaller sanctions and larger sanctions.  One would expect
a smaller sanction to generate less deterrence than a larger sanction.  Nevertheless, our analysis may
not be able to estimate a significant effect for the continuous measure of sanction dollar value.
Instead, our analysis may be only able to identify a deterrence effect by examining the more stark
contrast between the presence of a sanction and the absence of a sanction.  In between these two
extremes, the count of penalties adjusts for any repeated imposition of sanctions or imposition of
multiple sanctions, while still partially maintaining the contrast between presence and absence.  At
a minimum, by examining three forms of sanctions, we are able to assess the robustness of our
results.

These three forms represent a re-formulation of the form presented above in sub-sections 5.3
and 5.4.  In these preceding sub-sections, we use two separate components to capture the effects of
sanctions: (1) count of sanctions and (2) dollar value per sanction, i.e., dollar value of sanctions
divided by the count of sanctions. [In the case of general deterrence, the count of sanctions applies
to all other similar facilities and is divided by the number of other similar facilities.]  This preceding
formulation captures both of the two theoretical components of general deterrence, as described
above.   For comparability, we also use these two components to capture specific deterrence in the
preceding formulation even though no theory guides this construction for specific deterrence.

While all three sanction forms apply to specific deterrence, the form of sanction presence
does not truly apply to general deterrence since the complete absence of general deterrence seems
indefensible.  To accommodate this difference, when considering the presence of sanctions for the
purposes of examining specific deterrence, we use the count of sanctions for the general deterrence
measure.

In turn, we consider the effects of sanctions on four separate measures of environmental
performance: (1) composite BOD and TSS relative discharges, (2) BOD relative discharges, (3) TSS
relative discharges, and (4) count of effluent limit exceedances (i.e., violations).  Composite BOD
and TSS relative discharges represents our most comprehensive measure of environmental
performance since it considers both of the specific pollutants examined in our study and captures the
full extent of both non-compliance and over-compliance.  While this measure is the most
comprehensive measure of overall compliance, it may not adequately capture the effect of sanction-
based deterrence on environmental performance since sanctions may only induce facilities to comply
with their effluent limits but not necessarily overcomply with their limits.  Based on this argument,
the effect of sanction-based deterrence may be muted since it would not affect over-compliant
performance.  In this regard, the count of violations may prove a better measure of environmental
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performance when seeking to identify the effect(s) of sanction-based deterrence.  Even though the
combination of BOD relative discharges and TSS relative discharges is more comprehensive, we also
consider BOD relative discharges and TSS relative discharges separately since assessment of the
combination of these two pollutants may mask effects that concern only a single pollutant.  Lastly,
we consider the count of violations since it captures all regulated pollutants not simply BOD and
TSS; of course, this last measure cannot capture the extent of over-compliance and does not fully
reflect the extent of non-compliance in that it does not capture the level of non-compliance for any
given pollutant.  However, as noted above, this measure may better capture the effect of sanction-
based deterrence since sanctions should prompt facilities to reduce any positive count of violations.

5.6.2. Composite BOD / TSS Relative Discharges

First, we consider the effects of sanctions on composite BOD and TSS relative discharges.
Table 13 reports only the estimation results related to federal sanctions; full estimation results are
available upon request.  As noted above, we formulate federal sanctions in four ways.  First, we
distinguish sanctions by the source of the sanction but do not distinguish according to the type of
sanction, as reported in the first section of Table 13.  Neither administrative sanction-related specific
deterrence nor civil sanction-related specific deterrence affects composite BOD/TSS relative
discharges, regardless of the sanction form.  Administrative sanction-related general deterrence
undermines environmental performance when considering the count of administrative sanctions.  In
contrast, civil sanction-related general deterrence improves environmental performance regardless
of the form of civil sanctions.

Second, we distinguish sanctions partially by the type of sanction – fine versus non-fine –
but do not distinguish by the source of the sanction, as reported in the second section of Table 13.
Both fine-related specific deterrence and general deterrence undermine environmental performance
regardless of the sanction form, except for specific deterrence in the form of sanction dollar value.
In contrast, both non-fine-related specific deterrence and general deterrence improve environmental
performance regardless of the sanction form, except for specific deterrence in the form of sanction
dollar value.

Third, we distinguish sanctions fully by the type of sanction – fine versus SEP versus
injunctive relief sanction, while still not distinguishing by the source of the sanction, as reported in
the third section of Table 13.  Both fine-related specific deterrence and general deterrence undermine
environmental performance; the former effect does not apply when considering sanction dollar value,
while the latter effect applies only when considering sanction dollar value.  In contrast, both
injunctive relief-related specific deterrence and general deterrence improve environmental
performance regardless of the sanction form excepting the case of specific deterrence in the form of
sanction dollar value.  Similar to injunctive relief, SEP-related specific deterrence also improves
environmental performance.  However, SEP-related general deterrence undermines environmental
performance, similar to fines.

Fourth, we distinguish sanctions by both the type of sanction and the source of the sanction,
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as reported in the bottom section of Table 13.  Consider initially specific deterrence.  Administrative
fine-related specific deterrence improves environmental performance, when considering sanction
dollar value, but oddly undermines environmental performance, when considering either the presence
or count of sanctions.  As argued above, the form of sanction dollar value is the best measure for
capturing the effect of specific deterrence since it controls for any variation in the monetary sting
imposed by a fine.  In contrast to administrative fines, civil fine-related specific deterrence
undermines environmental performance regardless of sanction form.  Civil SEP-related specific
deterrence improves environmental performance regardless of sanction form, while administrative
SEP-related specific deterrence does not affect BOD/TSS relative discharges.  Last, administrative
injunctive relief-related specific deterrence improves environmental performance when considering
either the presence or count of sanctions.

Consider next general deterrence.  Administrative fine-related general deterrence undermines
environmental performance, at least when considering sanction dollar value, while civil fine-related
general deterrence does not affect BOD/TSS relative discharges.  Similar to administrative fines,
administrative SEP-related general deterrence actually undermines environmental performance, in
this case regardless of sanction form.  In contrast, civil SEP-related general deterrence improves
environmental performance, when considering sanction dollar value; this effect is only marginally
significant when considering the presence or count of sanctions.  Last, both administrative and civil
injunctive relief-related general deterrence improves environmental performance when considering
either the presence or count of penalties.

5.6.3. BOD Relative Discharges

As the second measure of environmental performance, we assess the effects of sanctions on
BOD relative discharges.  Table 14 reports only the estimation results related to federal sanctions;
full estimation results are available upon request.  By examining the relative discharges for this
single pollutant, perhaps we are able to identify effects masked by our examination of composite
BOD and TSS relative discharges.

First, we distinguish sanctions by the source of the sanction but do not distinguish according
to the type of sanction, as reported in the first section of Table 14.  Both administrative sanction-
related specific deterrence and civil sanction-related specific deterrence improve environmental
performance when considering sanction dollar value for the former effect and when considering
either the presence or count of sanctions for the latter effect.  Civil sanction-related general
deterrence actually undermines environmental performance, at least when considering sanction dollar
value, while administrative sanction-related general deterrence does not affect BOD relative
discharges.

Second, we distinguish sanctions partially by the type of sanction – fine versus non-fine –
but do not distinguish by the source of the sanction, as shown in the second section of Table 14.
Fine-related specific deterrence undermines environmental performance, at least when considering
the count of sanctions; similarly, fine-related general deterrence undermines environmental
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performance, at least when considering sanction dollar value.  In contrast, both non-fine-related
specific deterrence and general deterrence improve environmental performance regardless of
sanction form, with the exception of general deterrence in the form of sanction dollar value; in this
exceptional case, non-fine-related general deterrence actually undermines environmental
performance, but the significance is marginal with a p-value of 0.10.

Third, we distinguish sanctions fully by the type of sanction – fine versus SEP versus
injunctive relief sanction, while still not distinguishing by the source of the sanction, as reported in
the third section of Table 14.  Fine-related specific deterrence undermines environmental
performance, at least when considering either the presence or count of sanctions.  In contrast, both
SEP-related and injunctive relief-related specific deterrence improves environmental performance
regardless of the sanction form.  Contrary to specific deterrence, fine-related general deterrence
improves environmental performance when considering the presence or count of sanctions; however,
fine-related general deterrence oddly undermines environmental performance when considering
sanction dollar value.  Perhaps, sanction dollar value does not properly capture the true effect of
general deterrence in this particular case.  Similar to the dominant effect of fines, injunctive relief-
related general deterrence improves environmental performance when considering either the
presence or count of sanctions.  In contrast, SEP-related general deterrence actually undermines
environmental performance, regardless of the sanction form.

Fourth, we distinguish sanctions by both the type of sanction and the source of the sanction,
as reported in the bottom section of Table 14.  Consider initially specific deterrence.  Administrative
fine-related specific deterrence oddly undermines environmental performance, at least when
considering the count of sanctions.  Unlike administrative fines, civil fine-related specific deterrence
does not affect BOD relative discharges.  Civil SEP-related specific deterrence improves
environmental performance, regardless of the sanction form, while administrative SEP-related
specific deterrence does not affect BOD relative discharges.  Lastly, administrative injunctive relief-
related specific deterrence improves environmental performance when considering either the
presence or count of sanctions.

Consider next general deterrence.  Administrative fine-related general deterrence improves
environmental performance when considering either the presence or count of penalties but actually
undermines environmental performance when considering sanction dollar value.  Perhaps, the form
of sanction dollar value does not properly capture the true effect of general deterrence in this
particular case.  Unlike administrative fines, civil fine-related general deterrence does not affect
BOD relative discharges.  Civil SEP-related general deterrence improves environmental
performance, regardless of the sanction form, while administrative SEP-related general deterrence
actually undermines environmental performance, regardless of the sanction form.  Lastly,
administrative injunctive relief-related general deterrence improves environmental performance
when considering either the presence or count of sanctions.  In contrast, both administrative and civil
injunctive relief-related general deterrence undermine environmental performance, at least when
considering sanction dollar value.  Similar to administrative fines, perhaps, the form of sanction
dollar value does not properly capture general deterrence, especially in the case of administrative
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injunctive relief, given the opposite effects when considering either the presence or count of
sanctions.

5.6.4. TSS Relative Discharges

As the third measure of environmental performance, we assess the effects of sanctions on
TSS relative discharges.  Table 15 reports only the estimation results related to federal sanctions; full
estimation results are available upon request.  Similar to BOD relative discharges, by examining the
relative discharges for this single pollutant of TSS, perhaps we are able to identify effects masked
by our examination of composite BOD and TSS relative discharges.

First, we distinguish sanctions by the source of the sanction but do not distinguish according
to the type of sanction, as shown in the first section of Table 15.  Neither administrative sanction-
related specific deterrence nor civil sanction-related specific deterrence affects TSS relative
discharges.  Unlike specific deterrence, civil sanction-related general deterrence affects
environmental performance, in this case improving it, regardless of sanction form, yet administrative
sanction-related affects environmental performance by undermining it, at least when considering
either the presence or count of sanctions.

Second, we distinguish sanctions partially by the type of sanction – fine versus non-fine –
but do not distinguish by the source of the sanction, as reported in the second section of Table 15.
Non-fine-related specific deterrence improves environmental performance, when considering either
the presence or count of sanctions, while fine-related specific deterrence does not affect TSS relative
discharges, regardless of sanction form.  Similar to specific deterrence, non-fine-related general
deterrence improves environmental performance when considering sanction dollar value.  The effect
of fine-related general deterrence depends on the sanction form.  Fine-related general deterrence
improves environmental performance, when considering sanction dollar value, but undermines
environmental performance, when considering either the presence or count of sanctions.  To resolve
this conflict, we select the effect based on sanction dollar value since this form is arguably the most
comprehensive measure of general deterrence.

Third, we distinguish sanctions fully by the type of sanction – fine versus SEP versus
injunctive relief sanction, while still not distinguishing by the source of the sanction, as reported in
the third section of Table 15.  No type of specific deterrence affects TSS relative discharges,
regardless of sanction form.  Fine-related general deterrence improves environmental performance
when considering sanction dollar value but undermines environmental performance when
considering the presence of sanctions.  To resolve this conflict, again we select the effect based on
sanction dollar value since this form is the most comprehensive measure of general deterrence.  SEP-
related general deterrence undermines environmental performance, regardless of the sanction form
(though the effect based on sanction presence is marginal with a p-value of 0.11).  In contrast,
injunctive relief-related general deterrence improves environmental performance when considering
sanction dollar value.
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Fourth, we distinguish sanctions by both the type of sanction and the source of the sanction,
as reported in the bottom section of Table 15.  Consider initially specific deterrence.  Administrative
fine-related specific deterrence improves environmental performance when considering sanction
dollar value.  In contrast, civil fine-related specific deterrence actually undermines environmental
performance, regardless of sanction form.  Neither administrative nor civil SEP-related specific
deterrence affects TSS relative discharges.  The same result holds for administrative injunctive relief-
related specific deterrence.

Consider next general deterrence.  While civil fine-related general deterrence improves
environmental performance, administrative fine-related general deterrence actually undermines
environmental performance, at least when considering the presence of sanctions.  Similar to
administrative fines, administrative SEP-related general deterrence undermines environmental
performance, regardless of the sanction form.  Unlike administrative SEPs, civil SEP-related general
deterrence does not affect TSS relative discharges.  Similarly, neither administrative nor civil
injunctive relief-related general deterrence affects TSS relative discharges.

5.6.5. Count of Effluent Limit Exceedances

As the final measure of environmental performance, we assess the effects of sanctions on the
count of effluent limit exceedances (i.e., violations).  Table 16 reports only the estimation results
related to federal sanctions; full estimation results are available upon request.  First, we distinguish
sanctions by the source of the sanction but do not distinguish according to the type of sanction, as
shown in the first section of Table 16.  Administrative sanction-related specific deterrence improves
environmental performance when considering the presence of sanctions.   In contrast, administrative
sanction-related general deterrence actually undermines environmental performance, at least when
considering either the presence or count of sanctions.  Unlike administrative sanctions, neither civil
sanction-related specific deterrence nor civil sanction-related general deterrence affects the count of
violations.

Second, we distinguish sanctions partially by the type of sanction – fine versus non-fine –
but do not distinguish by the source of the sanction, as shown in the second section of Table 16.
Fine-related specific deterrence does not affect the count of violations.  Unlike specific deterrence,
fine-related general deterrence affects environmental performance, in this case unfortunately
undermining it, at least when considering either the presence or count of sanctions.  In contrast, non-
fine-related specific deterrence improves environmental performance, when considering either the
presence or count of sanctions.  Non-fine-related general deterrence does not affect the count of
violations.

Third, we distinguish sanctions fully by the type of sanction – fine versus SEP versus
injunctive relief sanction, while still not distinguishing by the source of the sanction, as reported in
the third section of Table 16.  Neither fine-related specific deterrence nor SEP-related specific
deterrence affects the count of violations.  In contrast, injunctive relief-related specific deterrence
nicely improves environmental performance, when considering either the presence or count of
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sanctions.  Similar to specific deterrence, fine-related general deterrence does not affect the count
of violations.  The same result holds for injunctive relief-related general deterrence.  Contrary to
these benign effects, SEP-related general deterrence actually undermines environmental
performance, at least when considering sanction dollar value.

Fourth, we distinguish sanctions by both the type of sanction and the source of the sanction,
as reported in the bottom section of Table 16.  Consider initially specific deterrence.  Neither
administrative fine-related specific deterrence nor civil fine-related specific deterrence affects the
count of violations.  Unlike fines, administrative SEP-related specific deterrence affects
environmental performance, in this case undermining it, at least when considering either the presence
or count of sanctions.  Civil SEP-related specific deterrence has no effect on the violations count.
In contrast to these counter-productive or insignificant effects, administrative injunctive-relief
specific deterrence improves environmental performance, when considering either the presence or
count of sanctions.

Consider next general deterrence.  Civil fine-related general deterrence improves
environmental performance, regardless of sanction form (though the effects based on either the
presence or count of penalties are marginal with p-values of 0.13).  Administrative fine-related
general deterrence does not affect the count of violations.  Administrative SEP-related general
deterrence actually undermines environmental performance, at least when considering sanction dollar
value.  In contrast to this counter-productive effect, civil SEP-related general deterrence does not
significantly affect the count of violations (even though the coefficient signs indicate counter-
productive effects similar to administrative SEPs).  Lastly, administrative injunctive relief-related
general deterrence does not affect the count of violations.  In contrast to these benign effects, civil
injunctive relief-related general deterrence actually undermines environmental performance,
regardless of the sanction form (though the effects based on either the presence or count of sanctions
are marginal with p-values of 0.11).

5.6.6. Summary

Based on these highly mixed results, it is quite difficult to identify many, if any, general
conclusions.  Instead, we choose to conclude that the effects of sanction-based specific and general
deterrence are apparently specific to the chosen measure of environmental performance.  Rather than
searching for conclusions that generalize across all four measures of environmental performance,
we recommend that the reader use the results in the following ways.  First, to assess the effects of
sanction-based deterrence on the overall level of compliance, use the results based on composite
BOD and TSS relative discharges, even though the effects may be muted, as argued above.  Second,
to assess the effects of sanction-based deterrence on non-compliant performance, where the effects
are expected to be more strong, use the results based on the count of violations.

5.6.7. Comparison of Sanction Types: Based on Pairwise and Joint Tests

5.6.7.1. Introduction
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Based on the described and interpreted re-formulations of federal sanctions, we again
compare the effects of various federal sanction types on environmental performance.  This
comparison fulfills most of the remaining components of Objective 1B, which explores the
differential effects of similar government interventions.  For this assessment, we consider two
different sources of sanction, those imposed in an administrative court and those imposed in civil
court.  We consider three different types of sanction:  fines, supplemental environmental projects
(SEPs), and injunctive relief.  And we consider three different forms of sanction:  presence of
sanctions, count of sanctions, and dollar value of sanctions.  To repeat, we use the term “sanction”
to describe either a fine, an SEP, or an injunctive relief sanction, and we use the term “non-fine
sanction” to describe either an SEP or an injunctive relief sanction.  Also, we use the adjective
“government” to describe sanctions imposed by either an EPA administrative court or a civil court.

The most important contribution of this particular sub-section is the comparison between
federal fines and federal non-fine sanctions, including the comparison between federal fines and
federal SEPs and the comparison between federal fines and federal injunctive relief sanctions.  Even
though fines and non-fine sanctions drain corporate financial resources, they affect corporate welfare
differently.  While fines provide no benefits to the firm, injunctive relief and SEPs provide benefits
in the form of reduced future scrutiny, due to improved environmental management, and increased
financial payoff, whenever better environmental management is profitable.  For much more
discussion on the differences between fines and non-fine sanctions, see sub-sections # 6.3.3 and #
6.3.4 below.

In addition, this sub-section re-examines the comparison between administrative sanctions
and civil sanctions.  Given that the size of the sanction is equal, which we control for by measuring
sanctions in dollar value, the source of the sanction (administrative agency or civil court) ought to
be irrelevant, at least as a matter of specific deterrence, because dischargers should respond only to
the size of the sanction in determining whether to modify their behavior to avoid becoming the
subject of future sanctions.  It is possible, however, an agency is more likely to seek additional
sanctions against a discharger that has already committed violations that prompted the assessment
of administrative sanctions (a repeat offender that has not responded to the agency’s initial
enforcement effort, despite having worked with the agency regularly in the past) than it is to seek to
impose a sanction against a first offender.  Such a perception on the part of regulated facilities might
create a stronger specific deterrent effect for administrative than civil sanctions.  On the other hand,
a discharger might believe that the government typically regards violations that resulted in the
imposition of civil sanctions as being more serious than violations that resulted in administrative
sanctions, and that the government is more likely to initiate additional enforcement proceedings
against a discharger that has committed one of those relatively serious violations than against a
violator who has been subject to administrative sanctions.  Such a perception on the part of regulated
entities might create a stronger specific deterrent effect for civil sanctions than for administrative
sanctions.

With respect to general deterrence, it would seem that the effectiveness of the imposition of
a sanction as a general deterrent would depend at least in part on the degree to which it is publicized;
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the more people know that a particular sanction has been imposed, the more people will feel
threatened by the possibility of sanctions being leveled against them if they violate their permit
limits.  One possibility is that civil sanctions typically receive more publicity than administrative
sanctions.  (As noted below, survey respondents voiced this perception in response to a question
concerning the comparative effectiveness of administrative and civil fines.)  If that assumption is
accurate, then one would expect civil sanctions to act as stronger general deterrents than
administrative sanctions.

For much more discussion on the differences between administrative sanctions and civil
sanctions, see sub-section # 6.3.2 below.

To ascertain the perceptions of regulated entities about the relative effectiveness of federal
sanctions, we asked a series of questions in our survey about the relative effectiveness of various
kinds of sanctions for inducing individual chemical facilities to comply with permitted water
discharge limits.  (These responses are more fully described below in sub-section # 6.3.)  When we
asked whether it matters whether EPA assesses an administrative fine or a federal court assesses a
civil fine for violation of discharge permit levels, assuming again that the fines are the same size,
about 50% said that it either definitely or probably does not matter, while about 40 percent said it
definitely or probably does matter.  Of those who said it matters whether a fine is administrative or
civil, about 26% said that federal civil fines are more effective at inducing compliance, while about
17% said that administrative fines are more effective.  About 21% said they do not know whether
administrative or civil fines are more effective.

To explore the differential effects of government sanctions, we test whether or not the
difference between the coefficients associated with each pair of sanction types is statistically
significant using a F-test of a linear restriction.  In other words, we seek to determine the
comparative effectiveness of particular sanction pairs.  We determine this comparative effectiveness
in terms of both specific deterrence and general deterrence.  Please note again that we are not able
to assess the effect of civil injunctive relief as a specific deterrent because no facilities in our sample
received this particular type of sanction during the sample period chosen.

In addition to pairwise tests, we also test differences across sets of sanction types than
involve more than a pair of types.  This assessment demands the testing of a joint null hypothesis.
For example, we test whether the effects of administrative fines, administrative SEPs, and
administrative injunctive relief sanctions are all equal to one another.  This joint assessment is useful
for three reasons.  First, it may permit us to identify statistically significant differences when simple
pairwise comparisons do not reveal significant differences.  For example, when assessed
individually, the pairing of administrative fines and administrative SEPs may reveal no significant
difference and the pairing of administrative fines and administrative injunctive relief sanctions may
reveal no significant difference, yet a joint assessment of the three sanction types may reveal a
significant difference, i.e., as a group, the three administrative sanction types influence
environmental performance differently.  Second, by combining pairs of sanction types, we are able
to demonstrate an extension of any identified significant difference.  Based on our above example,
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we might be able to demonstrate that a significant difference between administrative fines and
administrative SEPs actually extends to the entire set of administrative sanction types – fines, SEPs,
and injunctive relief sanctions – even if no significant difference is shown between administrative
fines and injunctive relief sanctions.  Third, this joint assessment allows us to assess whether or not
it is proper to combine a set of sanction types into a single composite sanction.  If we are not able
to reject the joint null hypothesis of equal effects, then it is proper to combine the associated sanction
types into a single composite sanction.  However, if we are able to reject the joint null hypothesis,
then our analysis should not generate a single composite sanction; instead, our analysis should retain
the full set of individual sanction types when estimating environmental performance.

For this assessment of sanction types, we consider the following pairwise comparisons:

(1) administrative sanctions versus civil sanctions,
(2) government fines versus government non-fine sanctions,
(3) government fines versus government SEPs,
(4) government fines versus government injunctive relief sanctions,
(5) administrative fines versus civil fines, and
(6) administrative SEPs versus civil SEPs.

As noted above, we also consider various sets of sanction types, for example, government fines
versus government SEPs versus government injunctive relief sanctions.

5.6.7.2. Composite BOD/TSS Relative Discharges

We first compare the effects of various federal sanction types on environmental performance
as measured by composite BOD/TSS relative discharges.  Table 17.a reports the results for specific
deterrence.  Table 17.b reports the results for general deterrence.  A comparison of the comparative
effectiveness of the specific deterrent effect of all types of administrative sanctions (fine, SEP, and
injunctive relief) and all types of civil sanctions indicates that neither was more effective than the
other at improving environmental performance, regardless of the form of sanction (presence, count,
or dollar value).   Specific deterrence may prompt better environmental performance by forcing
facilities to update their expectations over the likelihood of future scrutiny or the gravity of future
scrutiny.  Based on these results, facilities do not perceive the imposition of a second sanction
against the same facility to be more likely or of greater magnitude following the imposition of a civil
sanction than following the imposition of an administrative sanction.  As a general deterrent,
however, civil sanctions prove more effective than administrative sanctions, regardless of sanction
form.  Thus, civil sanctions seem to create a larger threat of future sanctions across the industry than
administrative sanctions.  When we compare the effectiveness of fines and non-fine sanctions (SEPs
and injunctive relief), we find that non-fine sanctions are more effective at improving environmental
performance than fines, regardless of sanction form. These results apply to both specific and general
deterrence.

Next, we compare the effectiveness of government fines with government non-fine sanctions.
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Comparing the effectiveness of government fines and government SEPs, we find that government
SEPs are more effective at inducing improved environmental performances, both as a specific and
general deterrent, regardless of the sanction form.  The only exception relates to dollar value as a
means of capturing the comparative specific deterrent effect of these sanctions; we find no difference
here in the relative effectiveness of government fines and government SEPs.  As reported more fully
below, our survey results indicate that a higher percentage of the respondents think that monetary
fines are more effective at inducing facilities to comply with permit limits than SEPs.  When we
implement the tests that compare government fines and government injunctions, the results are the
same as they are in the comparison of government fines and government SEPs.  A greater percentage
of our survey respondents believe that monetary fines are more effective than injunctions.  Finally,
we make a joint comparison of government fines, government SEPs, and government injunctions
in terms of both their specific and general deterrent effects.  Our results indicate that fines, SEPs, and
injunctions equally affect environmental performance in the context of specific deterrence (at least
when the sanction form is dollar value).

We also compare particular types of administrative sanction with the same types of civil
sanction.  We find no difference between the effectiveness of administrative and civil fines, either
as a specific or general deterrent, when we analyze fines in terms of presence or count.  This result
is expected, given that the economic incentive to avoid future violations should be the same whether
a fine is assessed by an administrative agency or a court.  Of course, this simple expectation assumes
that the size of the fine is equal in both contexts.  By measuring fines in the form of presence or
count, the analysis does not control for any variation in fine size between the two contexts.
However, our analysis does control for this variation when measuring fines in the form of dollar
value, as reported below.  The result of no significant difference between administrative fines and
civil fines is also consistent with our survey results, where more respondents report that the
effectiveness of a monetary fine does not depend on whether it is a monetary fine is an administrative
or civil fine than those who report that the identity of the government entity imposing the fines does
make a difference.  Measured in terms of dollar value, however, administrative fines are more
effective at inducing improvements in environmental performance than civil fines, while the reverse
is true for general deterrence.  The second result is more consistent with our survey results.  Among
those respondents who said it makes a difference whether a fine is administrative or civil, more
respondents report that a civil fine is more effective rather than vice versa.

We find no difference in the effectiveness of administrative and civil SEPS as specific
deterrents, regardless of the sanction form.  As general deterrents, however, civil SEPs are more
effective than administrative SEPs when measured by presence, count, and dollar value.  This pattern
is the same as the one noted when comparing all administrative and civil sanctions.  Based on these
results, facilities do not perceive the imposition of a second sanction against the same facility to be
more likely or of greater magnitude following the imposition of a civil SEP than following the
imposition of an administrative SEP.  But civil SEPs, like civil sanctions as a class, may imply a
larger threat of future sanctions across the industry than administrative SEPs.  Civil injunctions are
more effective as general deterrents than administrative injunctions when measured by sanction
presence or count but not by dollar value.  It makes sense for civil injunctions to be more effective
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as general deterrents than administrative injunctions if, as is likely, civil injunctions receive more
publicity than administrative injunctions.  The same point is likely true for civil and administrative
SEPs.

When we assess jointly whether administrative fines have a different specific deterrent
impact than civil fines and whether administrative SEPs have a different specific deterrent impact
than civil SEPs, we find a difference between administrative sanctions and civil sanctions, at least
when we measure sanctions in terms of dollar value.  A similar comparison for general deterrence
reveals the same conclusion: administrative sanctions affect environmental performance differently
than do civil sanctions, regardless of sanction form.  The joint test assessing the comparative
effectiveness of all three types of administrative sanction indicates that the choice of which type of
administrative sanction to impose makes a difference from the perspective of both specific and
general deterrence, regardless of the sanction form, except for the combination of specific deterrence
and the sanction form of dollar value.  Our results indicate that civil fines are more effective as
specific deterrents that civil SEPs, regardless of sanction form.  With respect to general deterrence,
the choice among civil fines, civil SEPs, and civil injunctions makes a difference, at least when
sanctions are measured in dollar value.  Again, as a matter of economic theory, the identity of the
government body imposing the fine ought to make no difference, assuming fines of equal size,
particularly in the context of specific deterrence.  However, civil fines might be more effective if
they are more highly publicized than administrative fines.  Alternatively, the involvement of the
Department of Justice may indicate to facilities greater regulatory pressure.  Our final test assesses
the comparative effectiveness of all the various sanction types –  administrative fines, administrative
SEPs, administrative injunctions, civil fines, civil SEPs, and civil injunctions –  at improving
environmental performance.  As a whole, the individual effects truly differ from one another, i.e.,
we reject the joint null hypothesis of equal effects.  Thus, the choice of sanction makes a difference
in terms of both specific and general deterrence, regardless of sanction form.

5.6.7.3. BOD Relative Discharges

Next, we compare the effects of various sanction types on BOD relative discharges.  Table
18.a reports the test results for specific deterrence; Table 18.b reports the test results for general
deterrence.  When we compare the effectiveness of administrative sanctions with the effectiveness
of civil sanctions, we find no differences with one exception:  civil sanction-related specific
deterrence improves environmental performance more effectively than does administrative sanction-
related specific deterrence, at least in the forms of sanction presence or sanction count.  Non-fine
sanctions imposed both administratively and in civil court are more effective as both specific and
general deterrents than fine sanctions, except in assessing the specific deterrent effect in terms of
dollar value.

Government SEPs have a stronger specific deterrent effect than government fines in terms
of both sanction presence and count, but not in terms of dollar value.  On the other hand, government
fines have a stronger general deterrent effect than government SEPs, regardless of sanction form.
Government injunctions act as better specific and general deterrents than government fines, except
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in connection with dollar value of the sanction.  There is no difference between government fines
and government injunctions as specific deterrents when measured in terms of dollar value, but
government fines are actually more effective than government injunctions as general deterrents when
measured in terms of dollar value.  This latter result is consistent with our survey results, in which
a higher percentage of respondents rated monetary fines as an effective inducement toward
compliance with permit limits than those that rated injunctions as effective inducements.  When
measured jointly, the choice of sanction among government fines, government SEPs, and
government injunctions makes a difference, regardless of sanction form, in the context of specific
deterrence.  With respect to general deterrence, the only difference occurrs with respect to sanction
presence.

When comparing various types of administrative and civil sanctions, administrative fines and
civil fines seem equally effective as specific deterrents, regardless of sanction form.  Administrative
fines are more effective than civil fines as general deterrents at improving environmental
performance when measured in terms of sanction presence and count, but the reverse is true for
dollar value.  It is hard to understand why administrative fines are more effective general deterrents,
assuming equal fine size, if the assumption that civil fines typically receive more publicity is correct.
Given that the assumption of equal fine sizes most likely does not hold, the result based on the
sanction form of dollar value is the more defensible.  Civil SEPs are more effective than
administrative SEPs, both as a specific and a general deterrent, regardless of sanction form.  In terms
of general deterrence, administrative injunctions are more effective at improving environmental
performance than civil injunctions, regardless of sanction form.  For the purpose of specific
deterrence, the choice among administrative or civil fines and administrative or civil SEPs makes
a difference when measured jointly, regardless of the form of sanction.  In other words,
administrative sanctions affect environmental performance differently than do civil sanctions.  For
the purpose of general deterrence, the choice among administrative or civil fines, SEPs, and
injunctions also makes a difference when assessed jointly, regardless of sanction form.  Thus, the
threat of administrative sanctions affect environmental performance differently than does the threat
of civil sanctions.  Civil SEPs are more effective as specific deterrents than are civil fines, regardless
of sanction form.  Based on a joint assessment, civil fines, civil SEPs, and civil injunctions act
differently in terms of their general deterrent effect, regardless of sanction form.  Finally, the choice
among all six individual types of sanction makes a difference in terms of both specific and general
deterrence, regardless of sanction form.  Based on these results, the EPA may wish to consider its
choice of sanction type wisely since the sanction types affect BOD-related environmental
performance differently.

5.6.7.4. TSS Relative Discharges

Next, we compare the effects of various sanction types on TSS relative discharges.  Table
19.a reports the test results for specific deterrence; Table 19.b reports the test results for general
deterrence.  We find that administrative sanctions and civil sanctions are equally effective as specific
deterrents, regardless of sanction form.  However, the threat of civil sanctions is more effective,
regardless of sanction form. This result is consistent with the notion that civil sanctions typically
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receive more publicity than administrative sanctions.  Government non-fine sanctions are more
effective as specific deterrents than government fines in terms of both sanction presence and count,
but the reverse is true for dollar value.  We find no difference in effectiveness between the threat of
government fines and the threat of government non-fine sanctions, except in terms of dollar value,
where government non-fine sanctions are more effective at improving environmental performance
than government fines.

For the most part, we find no difference in effectiveness between government fines and
government SEPs, either as a specific or general deterrent.  Government SEPs are more effective as
a specific deterrent in terms of sanction presence.  In contrast, government fines are more effective
as a general deterrent in terms of dollar value.  Government injunctions are more effective as a
specific deterrent than government fines for both sanction presence and count, but not for dollar
value (for which there is no difference).  There is no difference between government fines and
government injunctions as general deterrents, except in terms of dollar value, where government
fines are more effective at improving environmental performance than government injunctions.
When measured jointly, the choice among government fines, government SEPs, and government
injunctions makes no difference as specific deterrents, except with respect to dollar value.  The
reverse is true for general deterrence:  there is no difference with respect to sanction presence or
count, but there is for dollar value.

We also assess the comparative effectiveness of administrative and civil fines.  No difference
in effectiveness exists for specific deterrence with one exception:   administrative fines are more
effective at improving environmental performance than are civil fines when the sanction form is
dollar value.  Civil fines are more effective as general deterrents than administrative fines, except
that there is no difference between the two in terms of dollar value.  We find no differences between
administrative SEPs and civil SEPs as either specific or general deterrents, regardless of sanction
form.  Nor do we find a difference between administrative and civil injunctions as general deterrents,
regardless of sanction form.  Based on a joint assessment of the comparative effectiveness of
administrative and civil fines and administrative and civil SEPs as specific deterrents, we find that
administrative sanctions affect environmental performance differently than do civil sanctions, at least
when dollar value is the sanction form.  Based on a joint assessment, for both specific and general
deterrence, the choice among administrative fines, SEPs, and injunctions makes a difference but only
in terms of dollar value.  In other words, administrative fines, administrative SEPs, and
administrative injunctions affect environmental performance differently, when considered as a group.
Civil fines are more effective as specific deterrents than civil SEPS, at least when captured in the
form of sanction presence, but the reverse is true when captured in the form of sanction count and
sanction dollar value.   In the context of general deterrence, a joint comparison of civil fines, civil
SEPs, and civil injunctions shows no difference among these sanctions types, regardless of sanction
form.  Finally, joint tests comparing the effectiveness of all six sanction types show no difference
among the sanctions as either specific or general deterrents, except for the joint test assessing
specific deterrence using the sanction form of dollar value and the joint test assessing general
deterrence using the sanction form of either sanction count or sanction dollar value.
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5.6.7.5. Count of Effluent Limit Exceedances

Our final assessment considers pairwise and joint tests comparing the specific and general
deterrent effects of various sanctions types on the count of effluent limit exceedances (i.e.,
violations).  Table 20.a reports the test results for specific deterrence; Table 20.b reports the test
results for general deterrence.  The tests indicate that neither administrative nor civil sanctions are
more effective than the other as either specific or general deterrents, regardless of sanction form.
We also find that government fines are neither more nor less effective at improving environmental
performance than government non-fine sanctions, either as specific or general deterrents, regardless
of sanction form.  Similarly, government fines are neither more nor less effective at improving
environmental performance than government SEPs with one exception:  government SEPs are more
effective as a general deterrent when sanctions are measured in terms of dollar value.  Nor are
government fines any more or less effective at improving environmental performance than
government injunctions, except that government injunctions are more effective than government
fines as a specific deterrent when sanction count is the chosen sanction form.  A joint test assessing
the comparative effectiveness of government fines, SEPs, and injunctive relief indicates that, in the
context of specific deterrence, the selection of sanction makes a difference when the sanction form
is presence or count but not dollar value.  The reverse is true when we assess the comparative
effectiveness of these sanctions as general deterrents:  the selection of sanction makes a difference
when the sanction form is dollar value but neither presence nor count.

When we compare the effectiveness of administrative and civil fines as specific deterrents,
we find no difference, regardless of the form of sanction.  As general deterrents, however, civil fines
are more effective than administrative fines, regardless of sanction form.  This result makes sense
if civil fines typically receive more publicity than administrative fines.  We find no difference
between administrative and civil SEPs for improving environmental performance, either as specific
or general deterrents, regardless of sanction form.  In terms of general deterrence, administrative
injunctions and civil injunctions are equally effective at improving environmental performance, at
least when the sanction form is presence or count.  However, administrative injunctions are more
effective than civil injunctions as general deterrents when the sanction form is dollar value.  In the
context of specific deterrence, the choice among administrative and civil fines and administrative
and civil SEPs makes no difference in terms of the effectiveness of these sanctions for improving
environmental performance, regardless of the form of sanction.  Thus, administrative sanctions do
not differently affect environmental performance than do civil sanctions.  In the context of general
deterrence, the choice among administrative or civil fines, administrative or civil SEPs, or
administrative or civil injunctions also makes no difference, regardless of sanction form.  Thus, the
threat of administrative sanctions does not differently affect environmental performance than does
the threat of civil sanctions.  When jointly assessing the comparative effectiveness of administrative
fines, administrative SEPs, and administrative injunctions as specific deterrents, we find that the
choice across these three sanction types makes a difference when the sanction form is presence or
count but not dollar value.  We find the opposite results when we assess jointly the same
comparisons of sanction types for general deterrence:  the choice makes a difference when the
sanction form is dollar value but neither presence nor count.  Civil fines operate as more effective
specific deterrents than civil SEPs, regardless of sanction form.  Based on a joint test assessing the
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comparative effectiveness of civil fines, SEPs, and injunctions as general deterrents, the test results
indicate that the choice across the three sanction types makes no difference, regardless of sanction
form.  In a joint test involving all six sanction types – administrative and civil fines, administrative
and civil SEPs, and administrative and civil injunctions – the only context in which the choice makes
a difference is when assessing the specific deterrent effect of these sanctions using the sanction form
of presence.

5.7. Analysis of States Fines and Comparison between State Fines and Federal Fines

5.7.1. Analytical Arrangements

In addition to federal sanctions, our study also examines state fines imposed in four states:
West Virginia, Texas, Louisiana, and New Jersey.  The primary purpose of this analysis is to
compare the effect of state fines and the effect of federal fines on environmental performance, which
completes the remaining component of Objective 1B.  While we considered the possibility of
expanding this analysis to other sanction types – SEPs and injunctive relief sanctions, data
availability limited our analysis to the originally proposed analysis.  Only the state of Texas provides
data on state non-fines and only for SEPs.  For completeness, we list the particular state agencies
providing data on state fines: Texas Commission on Environmental Protection, Louisiana
Department of Environmental Quality, New Jersey Department of Environmental Protection, and
West Virginia Department of Environmental Protection.  Lastly, our chosen sample period runs
between January, 1995, and June, 2001.  Louisiana did not obtain Clean Water Act primacy until
August of 1996.  Consequently, we exclude from our analysis the time period preceding August,
1996, when incorporating data on Louisiana.

In this sub-section, we compare the effects of state fines and federal fines.  Federal fines may
be expected to affect corporate environmental performance decisions more greatly than state fines
since firms may believe that federal involvement indicates greater regulatory pressure.  For much
more discussion on this comparison, see sub-section # 6.3.2 below.

Even though we consider only federal fines in our comparison between federal enforcement
and state enforcement, we also control for the effects of non-fine federal sanctions, namely, SEPs
and injunctive relief.  For the purposes of this analysis, we combine SEPs and injunctive relief
sanctions into a single category of non-fine sanctions.  One combination factor captures specific
deterrence and another combination factor captures general deterrence.  Thus, one set of federal
sanction-related deterrence factors relates to federal fines and another set of factors relates to non-
fines.  The single set of state sanction-related deterrence factors relates to only fines.  In our
regression analysis, we include these deterrence factors as regressors along with all of the non-
deterrence regressors used for the analysis of environmental performance by major chemical
facilities in all states.

We assess both federal and state fines with two formulations.  In the first formulation, we do
not distinguish by the source of the sanction – administrative court versus civil court.  In the second



52  However, these forms differ from the forms used for federal sanctions in sub-sections # 5.3 and
# 5.4.  In these sub- sections, we use two separate components to capture the effects of sanctions: (1) count
of sanctions and (2) dollar value per sanction, i.e., dollar value of sanctions divided by the count of sanctions.
[In the case of general deterrence, the count of sanctions applies to all other similar facilities and is divided
by the number of other similar facilities.]

53  As noted above, Louisiana does not obtain Clean Water Act primacy until August of 1996.  For
comparability with the other states, we further limit the sample period relevant for Louisiana by eliminating
the 12 months between August 1996 and July 1997.  In this way, each Louisiana observation contains a full
12 months of state fines when constructing specific deterrence.  This tightening of the sample period for
Louisiana also eliminates the concern over general deterrence for the incomplete year of 1996.
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formulation, we do distinguish by the source of the sanction.  Thus, for federal fines and state fines
separately, we include one factor for administrative fines and one factor for civil fines.  For this
second formulation, we exclude the state of West Virginia since its data does not distinguish between
administrative fines and civil fines.

For our assessment of state fines and federal fines, we vary the form used to capture the
effects of fines.  We separately consider three forms: (1) count of fines, (2) assessed dollar value of
fines, and (3) collected dollar value of fines. [While the four states provide data on both assessed
dollar values and collected dollar values, the federal government only systematically provides data
on assessed dollar values.  Thus, we use exclusively data on assessed dollar values when examining
federal fines.  Rather than ignoring the data on state fine collected dollar values, we also assess these
data, while acknowledging that the federal fine data are then not comparable.]  Presumably, the
forms that measure dollar value are the more comprehensive forms since they control for variation
in the monetary “sting” of any imposed fine; in other words, these forms distinguish between smaller
fines and larger fines.  One would expect a smaller fine to generate less deterrence than a larger fine.
Nevertheless, our analysis may not be able to estimate a significant effect for the continuous
measures of fine dollar values.  Instead, our analysis may be only able to identify a deterrence effect
by examining the more stark contrast offered by the count of fines, which partially contrasts the
presence of a fine and the absence of a fine.  As a matter of fact, the count of fines represents a
compromise between two extremes: the dollar value of fines and the contrast between presence and
absence of fines.  Moreover, the count of fines replicates the latter comparison except in the cases
of repeated sanction imposition or simultaneous imposition of multiple sanctions.  In addition, the
comparison of presence versus absence does not appropriately apply to general deterrence since the
absence of general deterrence is difficult to defend.  At a minimum, by examining both the count of
fines and the dollar value of fines, we are able to assess the robustness of our results.  Lastly, these
three forms are comparable to the forms used for our analysis of federal sanctions presented above
in sub-section # 5.6.52

Similar to federal sanctions and for comparability, we capture the effects of state fines, i.e.,
specific deterrence, by summarizing the state fine data for the 12-month-period preceding the
particular year and month of environmental performance.  (For elaboration, see our description above
of federal sanctions.)53
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We capture the influence of state fine-related general deterrence by summarizing all state
fines against similar facilities – major chemical facilities – for the identified year in a given state and
adjusting by the number of active similar facilities in the same year and state.  This state fine-related
general deterrence measure is directly comparable to its federal fine counterpart.  However, given
the smaller scale of a single state for examining enforcement, by focusing on only state fines against
major chemical facilities, this construction of state fine-related general measure may be susceptible
to magnified variation due to otherwise small changes.  In other words, the measure may move
around from year to year and may vary across states simply because one or two major chemical
facilities happened to receive some state fines here or there.

In order to avoid this magnified variation, we also use two alternative general deterrence
measures that consider two successively broader populations of facilities.  The first alternative
measure broadens the population to include all NPDES facilities within a given state and the state
fines that they received.  The second measure broadens the population even further to include all
facilities within a given state and the state fines that they receive.  For both of these alternative
general deterrence measures, we divide the count of fines or sum of fine dollar value by the number
of business establishments operating in the particular state for the given year.  This divisor seems
quite appropriate for all facilities operating in a particular state; put differently, the set of facilities
used to calculate the count of fines or the dollar value of fines imposed on “other facilities” is
sufficiently comparable to the set of facilities (or establishments) used to calculate the number of
“other facilities”.  We argue that this divisor is also appropriate for all NPDES facilities operating
in a particular state as long as the number of establishments is at least roughly proportional to the
number of NPDES facilities operating in a particular state for a given year.  Nevertheless, we clearly
state that the set of facilities used to calculate the number of fines or dollar value of fines imposed
on “other facilities” is not comparable to the set of facilities used to calculate the number of “other
facilities”.   Regrettably, we were not able to locate any usable data on the number of NPDES
facilities in each of our four states for the sample period of our study: 1995 to 2001.

Neither of these alternative state fine-related general deterrence measures are directly
comparable to its federal fine-related counterpart.  However, both alternative state measures may be
at least roughly comparable to their federal fine counterpart since both types of measures represent
ratios in one of two forms: (1) ratio between the count of fines imposed on other facilities and the
number of other facilities, or (2)  ratio between the dollar value of fines imposed on other facilities
and the number of other facilities.  While this comparability concern may not matter for assessing
whether state fine-related general deterrence and federal fine-related general deterrence significantly
influence environmental performance, this concern may definitely matter when testing whether or
not the particular coefficient magnitudes of these two deterrence factors are equal in size.  This
concern notwithstanding, we test this hypothesis using both of the two alternative state fine-related
general deterrence measures and the directly-comparable state fine-related general deterrence
measure.

Rather than tabulating and reporting three sets of results generated by the use of three
separate measures of state fine-related general deterrence, we tabulate and report fully only the
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results generated by the use of the measure directly comparable to federal fine-related general
deterrence, as shown in Table 21.  Nevertheless, we identify any estimated effects and test results
that are sensitive to the choice of state fine-related general deterrence.

In turn, we consider the effects of states fines and federal fines (plus federal non-fine
sanctions) on four separate measures of environmental performance: (1) composite BOD and TSS
relative discharges, (2) BOD relative discharges, (3) TSS relative discharges, and (4) count of
effluent limit exceedances, i.e., violations.  The combination of BOD relative discharges and TSS
relative discharges represents our most comprehensive measure of environmental performance since
it considers both of the specific pollutants examined in our study and captures the full extent of both
non-compliance and over-compliance.  While this measure is the most comprehensive measure of
overall compliance, it may not adequately capture the effect of fine-based deterrence on
environmental performance since fines may only induce facilities to comply with their effluent limits
bu not necessarily overcomply with their limits.  Based on this argument, the effect of fine-based
deterrence may be muted since it would not affect over-compliant performance.  In this regard, the
count of violations may prove a better measure of environmental performance when seeking to
identify the effect(s) of fine-based deterrence.  Even though the combination of BOD relative
discharges and TSS relative discharges is more comprehensive, we also consider BOD relative
discharges and TSS relative discharges separately since assessment of the combination of these two
pollutants may mask effects that concern only a single pollutant.  Lastly, we consider the count of
violations since it captures all regulated pollutants not simply BOD and TSS; of course, this last
measure cannot capture the extent of over-compliance and does not fully reflect the extent of non-
compliance in that it does not capture the level of non-compliance for any given pollutant.  However,
as noted above, this measure may better capture the effect of fine-based deterrence since fines should
prompt facilities to reduce any positive count of violations.  We only able to assess the effect of
specific deterrence stemming from state civil fines when examining this final measure of
environmental performance – count of violations – since no facilities discharging either BOD or TSS
in our three-state sample (which excludes West Virginia as noted above) received state civil fines
during the chosen sample period.

For all four measures of environmental performance, we report and interpret the results of
a fixed effects least squares regression model.  In all cases, this chosen model dominates a pooled
OLS model based on the results of F-tests for fixed effects.  In each case, the F-test p-values clearly
indicate the rejection of the null hypothesis of no fixed effects.  Moreover, in all cases, the chosen
model dominates a random effects model based on the results of Hausman tests for Random Effects.
In each case, the test results clearly indicate that the random effects model is inconsistent.  A full
tabulation of the noted test results are available upon request.  For our estimation of violation counts,
we also utilize count data models, as reported below.

5.7.2. Composite BOD / TSS Relative Discharges

First, we consider the effects of state fines and federal sanctions on composite BOD and TSS
relative discharges.  Table 21.a reports only the estimation results related to state and federal fines;
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full estimation results are available upon request.  As noted above, we formulate state fines and
federal sanctions in two ways.  First, we do not distinguish state fines and federal sanctions by the
source of the sanction – administrative court or civil court.  These results are reported in the upper
section of Table 21.a.  Federal fine-related specific deterrence does not affect composite BOD/TSS
relative discharges.  However, state fine-related specific deterrence actually undermines
environmental performance, at least when considering the dollar value of fines.  Unlike specific
deterrence, federal fine-related general deterrence affects environmental performance, in this case
improving it, when considering the dollar value of fines.  In contrast, state fine-related general
deterrence oddly undermines environmental performance, at least when considering the count of
fines.  However, the effect of state fine-related general deterrence is sensitive to the construction of
general deterrence.  When based on NPDES facilities, state fine-related general deterrence improves
environmental performance but insignificantly so; when based on all facilities, the effect of state
fine-related general deterrence is insignificant.

Second, we distinguish state fines and federal sanctions by the source of the sanction –
administrative court versus civil court.  These results are reported in the lower section of Table 21.a.
Federal administrative fine-related specific deterrence improves environmental performance, when
considering the dollar value of fines, yet state administrative fine-related specific deterrence oddly
undermines environmental performance, at least when considering the dollar value of fines.  Unlike
specific deterrence, federal administrative fine-related general deterrence actually undermines
environmental performance, at least when considering the dollar value of fines.  State administrative
fine-related general deterrence does not affect composite BOD/TSS relative discharges.  However,
the effect of state administrative fine-related general deterrence is sensitive to the construction of
general deterrence.  When based on all facilities, state administrative fine-related general deterrence
improves environmental performance (when considering the assessed dollar value of fines).  Both
federal civil fine-related general deterrence and state civil fine-related general deterrence improve
environmental performance; the former effect applies when considering the dollar value of fines,
while the latter effect applies when considering the count of fines. The improvement stemming from
state civil fine-related general deterrence extends to the assessed dollar value of fines when general
deterrence is based on all facilities.

5.7.3. BOD Relative Discharges

As the second measure of environmental performance, we consider the effects of state fines
and federal sanctions on BOD relative discharges.  Table 21.b reports only the estimation results
related to state and federal fines; full estimation results are available upon request.  First, we do not
distinguish state fines and federal sanctions by the source of the sanction – administrative court or
civil court.  These results are reported in the upper section of Table 21.b.  Federal fine-related
specific deterrence unfortunately undermines environmental performance when considering the
count of fines but does not affect BOD relative discharges when considering the dollar value of fines.
In a somewhat similar fashion, state fine-related specific deterrence undermines environmental
performance when considering the dollar value of fines but does not affect environmental
performance when considering the count of fines.  Federal fine-related general deterrence fortunately
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improves environmental performance, when considering the dollar value of fines.  Unlike federal
fines, state fine-related general deterrence does not affect BOD relative discharges, regardless of the
fine form.

Second, we distinguish state fines and federal sanctions by the source of the sanction –
administrative court versus civil court.  These results are reported in the lower section of Table 21.b.
Both federal administrative fine-related specific deterrence and federal administrative fine-related
specific deterrence actually undermine environmental performance; the former effect holds only
when considering the count of fines, while the latter effect holds only when considering the dollar
value of fines.  The effect of federal fine-related general deterrence depends on the form of the fine;
it improves environmental performance when considering the count of fines but undermines
environmental performance when considering the dollar value of fines.  Perhaps, the form of fine
dollar value does not apply well in this particular case.  Unlike federal fines, state administrative
fine-related general deterrence does not affect BOD relative discharges.  However, the effect of state
administrative fine-related general deterrence is sensitive to the construction of general deterrence.
When based on either NPDES facilities or all facilities, state administrative fine-related general
deterrence significantly improves environmental performance, when considering the dollar value of
fines.  While federal civil fine-related general deterrence improves environmental performance, when
considering the dollar value of fines, state civil fine-related general deterrence actually undermines
environmental performance, at least when considering the assessed dollar value of fines.  However,
the effect of state civil fine-related general deterrence is sensitive to the construction of general
deterrence.  When based on either NPDES facilities or all facilities, state civil fine-related general
deterrence improves environmental performance but insignificantly so, regardless of the fine form.

5.7.4. TSS Relative Discharges

As the third measure of environmental performance, we consider the effects of state fines and
federal sanctions on TSS relative discharges.  Table 21.c reports only the estimation results related
to state and federal fines; full estimation results are available upon request.  First, we do not
distinguish state fines and federal sanctions by the source of the sanction – administrative court or
civil court.  These results are reported in the upper section of Table 21.c.  While federal fine-related
specific deterrence does not affect TSS relative discharges, state fine-related specific deterrence
either improves or undermines environmental performance depending on the fine form.  State fine-
related specific deterrence improves environmental performance when considering the count of fines
but unfortunately undermines environmental performance when considering the dollar value of fines.
Perhaps, the form of dollar value does not properly capture the effect of state fines in this particular
case.  Unlike specific deterrence, federal fine-related general deterrence affects environmental
performance, in this case improving it, when considering the dollar value of fines.  In contrast, state
fine-related general deterrence unfortunately undermines environmental performance, at least when
considering the count of fines.  However, the effect of state fine-related general deterrence is
sensitive to the construction of general deterrence.  When based on NPDES facilities, state fine-
related general deterrence improves environmental performance but insignificantly so; when based
on all facilities, the counter-productive effect of state fine-related general deterrence is at least
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insignificant.

Second, we distinguish state fines and federal sanctions by the source of the sanction –
administrative court versus civil court.  These results are reported in the lower section of Table 21.c.
Federal administrative fine-related specific deterrence improves environmental performance, when
considering the dollar value of fines.  Similarly, state administrative fine-related specific deterrence
improves environmental performance, however, only when considering the count of fines.  When
considering the collected dollar value of fines (but not the assessed dollar value of fines), state
administrative fine-related specific deterrence oddly undermines environmental performance.  Unlike
specific deterrence, federal administrative fine-related general deterrence actually undermines
environmental performance, at least when considering the dollar value of fines.   When considering
the count of fines, this factor fortunately improves environmental performance, but the significance
of this effect is only marginal with a p-value of 0.11.  Similarly, state administrative fine-related
general deterrence improves environmental performance, when considering the count of fines.  This
improvement stemming from state administrative fine-related general deterrence extends to the
dollar value of fines (assessed or collected) when general deterrence is based on all facilities.  Lastly,
both federal civil fine-related general deterrence and state civil fine-related general deterrence
improve environmental performance; the former effect holds when considering the fine dollar values,
while the latter effect holds when considering the count of fines.  The improvement stemming from
state civil fine-related general deterrence extends to the assessed dollar value of fines when general
deterrence is based on all facilities.

5.7.5. Count of Effluent Limit Exceedances

As the final measure of environmental performance, we consider the effects of state fines and
federal sanctions on the count of effluent limit exceedances (i.e., violations).  Table 21.d reports only
the estimation results related to state and federal fines; full estimation results are available upon
request.  First, we do not distinguish state fines and federal sanctions by the source of the sanction
– administrative court or civil court.  These results are reported in the upper section of Table 21.d.
While federal fine-related specific deterrence does not affect the count of violations, state fine-
related specific deterrence nicely improves environmental performance, regardless of the fine form.
Similar to specific deterrence, federal fine-related general deterrence does not affect the count of
violations.  Yet, state fine-related general deterrence oddly undermines environmental performance,
regardless of the fine form, in contrast to state specific deterrence.  However, the effect of state fine-
related general deterrence is sensitive to the construction of general deterrence.  When based on all
facilities, state fine-related general deterrence fortunately improves environmental performance,
when considering the assessed dollar value of fines; this effect is at least insignificant when
considering either the count of fines or the collected dollar value of fines.  When state general
deterrence is based on all NPDES facilities, state fine-related general deterrence improves
environmental performance but insignificantly so, when considering the assessed dollar value of
fines; when considering the count of fines, the counter-productive effect of state fine-related general
deterrence is at least insignificant.
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Second, we distinguish state fines and federal sanctions by the source of the sanction –
administrative court versus civil court.  These results are reported in the lower section of Table 21.d.
Federal administrative fine-related specific deterrence improves environmental performance, yet
state fine administrative fine-related specific deterrence does not affect the count of violations.
Neither federal nor state civil fine-related specific deterrence affects the count of violations.
Similarly, neither federal nor state administrative fine-related general deterrence affects the count
of violations.  Lastly, federal civil fine-related general deterrence improves environmental
performance, while state civil fine-related general deterrence unfortunately undermines
environmental performance, when considering the dollar value of fines in both cases.  However, the
effect of state civil fine-related general deterrence is sensitive to the construction of general
deterrence.  When based on all facilities, state fine-related general deterrence significantly improves
environmental performance, when considering the assessed dollar value of fines.  When state general
deterrence is based on NPDES facilities, state fine-related general deterrence insignificantly
improves environmental performance, when considering the assessed dollar value of fines, and the
counter-productive effect of state fine-related general deterrence is at least insignificant, when
considering the count of fines.

For our analysis of the count of violations, we also utilize various count data models.
Specifically, we implement both a Poisson model and a negative binomial model.  Based on the
results of log-likelihood ratio tests assessing the presence of overdispersion, we conclude that the
negative binomial model dominates the Poisson model, regardless of the formulation of state fines
and federal sanctions.  Based on the results of log-likelihood ratio tests assessing the presence of
fixed effects, we conclude that the fixed effects negative binomial model dominates the standard
negative binomial model, regardless of the formulation of state fines and federal sanctions.  Finally,
based on the results of Hausman tests for Random Effects, we conclude that the random effects
negative binomial model generates inconsistent estimates, regardless of the formulation of state fines
and federal sanctions.  (A full tabulation of the noted test results is available upon request.)  Thus,
the fixed effects negative binomial model also dominates the random effects model.  Unfortunately,
use of a fixed effects negative binomial model forces our analysis to exclude all facilities whose
count of violations never varies over the sample period, in particular, those facilities who are always
compliant.  While we analyze this restricted sample, we conclude that the application of the fixed
effect least squares regression model to the full sample dominates the application of a fixed effects
negative binomial model to the restricted sample.

This point notwithstanding, we briefly report the results from our application of the fixed
effects negative binomial model.  State fine-related specific deterrence improves environmental
performance, while federal fine-related specific deterrence does not affect the count of violations,
when considering the count of fines in both cases.  Moreover, state fine-related specific deterrence
is significantly more effective than federal fine-related specific deterrence at prompting better
environmental performance (p=0.08).  In contrast, state fine-related general deterrence undermines
environmental performance, while federal fine-related general deterrence does not affect the count
of violations, when considering the count of fines in both cases.  Nevertheless, the difference
between these two effects is not statistically significant (p=0.29).  When considering the assessed
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or collected dollar value of fines, no effect or comparison proves significant.  We also distinguish
between administrative and civil fines.  In this case, we find only two significant effects.  When
considering either the assessed or collected dollar value of fines, federal civil fine-related general
deterrence improves environmental performance, while state civil fine-related general deterrence
undermines environmental performance.  Moreover, federal civil fine-related general deterrence is
significantly more effective than state civil fine general deterrence at prompting better environmental
performance (p=0.10 and p=0.001 for assessed and collected dollar value, respectively.)

5.7.6. Summary

Based on these highly mixed results, it is quite difficult to identify many, if any, general
conclusions.  Certainly, the effects of fine-related specific and general deterrence vary across the four
measures of environmental performance.  Rather than searching for conclusions that generalize to
all four measures of environmental performance, we recommend that the reader use the results in
the following ways.  First, to assess the effects of fine-related deterrence on the overall level of
compliance, use the results based on composite BOD and TSS relative discharges, even though the
effects may be muted, as argued above.  Second, to assess the effects of fine-based deterrence on
non-compliant performance, where the effects are expected to be more strong, use the results based
on the count of violations.

5.7.7. Comparison between State Fines and Federal Fines

5.7.7.1.Introduction

In this sub-section, we compare the effect of federal fines and the effect of state fines on
environmental performance.  For this comparison, we implement F-tests that assess whether or not
the effect of federal fines equals the effect of state fines.  As noted above, we capture state fine-
related general deterrence based on three populations: (1) major chemical facilities, (2) all NPDES
facilities, and (3) all facilities.  We perform our tests for each of three bases, as shown in Tables 22,
23, 24, and 25.  Based on the test results, we seek to determine the comparative effectiveness of state
fines and federal fines for improving environmental performance both as specific and as general
deterrents.

To ascertain the perceptions of regulated entities about this comparative effectiveness, we
asked a series of questions in our survey about the effectiveness of various kinds of fines for
inducing individual chemical facilities to comply with permitted water discharge limits.  (These
responses are more fully described below.)  More than three-quarters of the respondents stated that
the imposition of monetary fines is an effective means of achieving that result.  In response to a
subsequent question, almost 80% said that, assuming the fines are of equal size, it should not make
a difference whether the monetary fines are assessed by the federal or state governments.  Of those
who thought the identity of the government makes a difference, slightly more thought state fines are
more effective than those who thought federal fines are more effective, but about twice the number
who identified either federal or state fines as more effective responded that they do not know
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whether federal or state fines are more effective.  Moreover, some of our respondents report that
federal fines typically receive more publicity than state fines.  If true, then one would expect federal
fines to act as stronger general deterrents than state fines.

It is against this backdrop that the test results described below should be assessed.

5.7.7.2. Composite BOD/TSS Relative Discharges

We first compare the effects of federal fines and the effects of state fines on environmental
performance as measured by composite BOD/TSS relative discharges.  Tables22.a and 22.b report
the results for specific deterrence and general deterrence, respectively.

State fine general deterrence based on major chemical facilities

Based on the results from the estimation of composite BOD/TSS relative discharges, we first
compare federal fines and state fines when the latter’s general deterrence is based on major chemical
facilities, which is comparable to the general deterrence measure for federal sanctions.  Our
comparison of fines imposed by the federal government (both administrative and civil) and fines
imposed by the states indicates that, as a specific deterrent, federal government fines are more
effective at inducing improved performance than state fines when the form of sanction is either count
or collected dollars.  State fines are more effective specific deterrents when the form of sanction is
assessed dollars.  Neither type of fine is more effective than the other as a general deterrent, except
that federal government fines are more effective than state fines when the form of sanction is
sanction count.  The test results comparing federal administrative fines and state administrative fines
are identical in the contexts of both specific and general deterrence.  There is no difference in the two
kinds of fines when the form of sanction is count, but federal administrative fines are more effective
when we use either assessed or collected dollars as the form of sanction.  There is no difference
between the effectiveness of federal civil fines and state civil fines as general deterrents, regardless
of sanction form.

State fine general deterrence based on NPDES facilities

We next compare federal fines and state fines when the latter’s general deterrence is based
on all NPDES facilities.  The data indicate that state fines are more effective specific deterrents than
federal government (combined administrative and civil) fines when the form of sanction is assessed
dollars.  The reverse is true for collected dollars.  There is no difference between the general
deterrent effect of federal government fines and state fines, regardless of sanction form.  Federal
administrative fines are more effective as specific deterrents in improving environmental
performance than state administrative fines are when the sanction form is assessed dollars or
collected dollars.  There is no difference between the general deterrent effects of federal
administrative and state administrative fines, or between the general deterrent effects of federal civil
fines and state civil fines,  regardless of sanction form.
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State fine general deterrence based on all facilities

We finally compare federal fines and state fines when the latter’s general deterrence is based
on all facilities.
The results in comparing the specific deterrent effects of federal government fines and state fines are
mixed.  Federal government fines are more effective at improving environmental performance than
state fines when the form of sanction is collected dollars, but the reverse is true for assessed dollars.
There is no difference between federal government fines and state fines as general deterrents,
regardless of the form of sanction.  Federal administrative fines are a more effective specific
deterrent in improving environmental performance when the form of sanction is collected dollars,
but the reverse is true for sanction count.  State administrative fines are more effective general
deterrents than federal administrative fines when the form of sanction is either assessed or collected
dollars.  State civil fines are more effective general deterrents than federal civil fines when the
sanction form is sanction count or assessed dollars.

5.7.7.3. BOD Relative Discharges

We next compare the effects of federal fines and the effects of state fines on environmental
performance as measured by BOD relative discharges.  Tables 23.a and 23.b report the results for
specific deterrence and general deterrence, respectively.

State fine general deterrence based on major chemical facilities

Based on the results from the estimation of BOD relative discharges, we first compare federal
fines and state fines when the latter’s general deterrence is based on major chemical facilities, which
is comparable to the general deterrence measure for federal sanctions.  When we assess the test
results for BOD relative discharges, we find that federal government (combined administrative and
civil) fines are more effective as specific deterrents in improving environmental performance than
state fines are when the form of sanction is either assessed or collected dollars.  We find no
difference between federal government fines and state fines as general deterrents, regardless of
sanction form.  Federal administrative fines are more effective as specific deterrents in improving
environmental performance when the form of sanction chosen is either assessed or collected dollars,
but state administrative fines are more effective than federal administrative fines as specific
deterrents when the form of sanction is sanction count.  The general deterrent effects are exactly the
opposite of the specific deterrent effects results just described, regardless of sanction form.  We find
no difference in effectiveness of federal civil fines and state civil fines as general deterrents,
regardless of sanction form.

State fine general deterrence based on NPDES facilities

We next compare federal fines and state fines when the latter’s general deterrence is based
on NPDES facilities.  Federal government fines are more effective than state fines at improving
environmental performance in terms of specific deterrence when the form of sanction is either
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assessed or collected dollars.  There is no difference between federal government fines and state
fines as general deterrents, regardless of sanction form.  Federal administrative fines are more
effective as specific deterrents than state administrative fines when the form of sanction is either
assessed or collected dollars, but the reverse is true for sanctions count. As general deterrents, state
administrative fines are more effective than federal administrative fines when the form of sanction
is either assessed or collected dollars.  There is no difference in the effectiveness of federal civil fines
and state civil fines as general deterrents, regardless of sanction form.

State fine general deterrence based on all facilities

We finally compare federal fines and state fines when the latter’s general deterrence is based
on all facilities.  Federal government fines are more effective than state fines as specific deterrents
when the form of sanction is either assessed or collected dollars.  There is no difference in the
effectiveness of federal government fines and state fines as general deterrents in improving
environmental performance, regardless of sanction form.  Federal administrative fines are more
effective as specific deterrents than state administrative fines when the form of sanction is either
assessed or collected dollars.  The reverse is true when the form of sanction is sanction count.  As
general deterrents, state administrative fines are more effective than federal administrative fines
when the form of sanction is either assessed or collected dollars.  There is no difference between the
effectiveness of federal civil fines and state civil fines as general deterrents, regardless of sanction
form.

5.7.7.4. TSS Relative Discharges

We next compare the effects of federal fines and the effects of state fines on environmental
performance as measured by TSS relative discharges.  Tables 24.a and 24.b report the results for
specific deterrence and general deterrence, respectively.

State fine general deterrence based on major chemical facilities

Based on the results from the estimation of TSS relative discharges, we first compare federal
fines and state fines when the latter’s general deterrence is based on major chemical facilities, which
is comparable to the general deterrence measure for federal sanctions.  We find that federal
government (combined administrative and civil) fines are more effective as specific deterrents in
improving environmental performance when the form of sanction is either assessed or collected
dollars.  There is no difference between those two kinds of fines as specific deterrents when the form
of sanction is sanction count.  Federal government fines are more effective as general deterrents than
state fines, regardless of sanction form.  Federal administrative fines are more effective than state
administrative fines as specific deterrents when the form of sanction is either assessed or collected
dollars, but the reverse is true when the form of sanction is sanction count.  As general deterrents,
state administrative fines are more effective than federal administrative fines when the form of
sanction is collected dollars.  There is no difference between these two kinds of fines as general
deterrents when the form of sanction is either sanction count or assessed dollars.  There is no
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difference between the effectiveness of federal civil fines and state civil fines as general deterrents,
regardless of the form of sanction.

State fine general deterrence based on NPDES facilities

We next compare federal fines and state fines when the latter’s general deterrence is based
on NPDES facilities.  The results in comparing federal government fines and state fines as specific
deterrents are mixed:  federal government fines are more effective when the form of sanction is
collected dollars, state fines are more effective when the form of sanction is assessed dollars, and
there is no difference between the two kinds of fines when the form of sanction is sanction count.
As general deterrents, federal government fines are more effective than state fines when the form of
sanction is collected dollars, but there is no difference between the two kinds of fines when the form
of sanction is either sanction count or assessed dollars.  Federal administrative fines are more
effective as specific deterrents than state administrative fines when the form of sanction is collected
dollars, but there is no difference between the two kinds of fines when the form of sanction is either
sanction count or assessed dollars.  There is no difference between the effectiveness of federal
administrative and state administrative fines as general deterrents, or between the general deterrent
effects of federal civil fines and state civil fines, regardless of the form of sanction.

State fine general deterrence based on all facilities

We finally compare federal fines and state fines when the latter’s general deterrence is based
on all facilities.  Federal government fines are more effective than state fines as specific deterrents
in improving environmental performance when the form of sanction is either assessed or collected
dollars, but there is no difference between the two kinds of fines when the form of sanction is
sanction count.  There is no difference between federal government fines and state fines as general
deterrents, regardless of the form of sanction.  The results in comparing the specific deterrent effects
of federal administrative fines and state administrative fines are mixed:  federal fines are more
effective when the form of sanction is collected dollars, but the reverse is true when the form of
sanction is assessed dollars.  State administrative fines are more effective than federal administrative
fines as general deterrents when the form of sanction chosen is either assessed or collected dollars.
State civil fines are more effective as general deterrents than federal civil fines when the form of
sanction is either sanction count or dollars assessed.

5.7.7.5. Count of Effluent Limit Exceedances

We finally compare the effects of federal fines and the effects of state fines on environmental
performance as measured by the count of effluent limit exceedances (i.e., violations).  Tables 25.a
and 25.b report the results for specific deterrence and general deterrence, respectively.

State fine general deterrence based on major chemical facilities

Based on the results from the estimation of violation counts, we first compare federal fines
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and state fines when the latter’s general deterrence is based on major chemical facilities, which is
comparable to the general deterrence measure for federal sanctions.  State fines are more effective
than federal government (combined administrative and civil) fines as specific deterrents in improving
environmental performance when the form of sanction is sanction count, but when it is either
assessed or collected dollars, there is no difference between the two kinds of fines.  State fines are
more effective as general deterrents than federal government fines when the form of sanction is
either assessed or collected dollars.  There is no difference between federal administrative fines or
state administrative fines as either specific or general deterrents, regardless of the form of sanction.
There is also no difference between federal civil fines and state civil fines as specific deterrents,
regardless of sanction form.  But federal civil fines are more effective than state civil fines as general
deterrents when the form of sanction is either assessed or collected dollars.

State fine general deterrence based on NPDES facilities

We next compare federal fines and state fines when the latter’s general deterrence is based
on NPDES facilities.  State fines are more effective than federal government fines as specific
deterrents when the form of sanction is sanction count, but there is no difference between the two
kinds of fines when the form of sanction is either assessed or collected dollars.  Federal government
fines are more effective than state fines as general deterrents when the form of sanction is collected
dollars.  There is no difference between federal administrative and state administrative fines as either
specific or general deterrents, regardless of sanction form.  There also is no difference between the
effectiveness of federal civil fines and state civil fines as specific deterrents, regardless of sanction
form.  Federal civil fines are more effective than state civil fines as state deterrents, however,
regardless of sanction form.

State fine general deterrence based on all facilities

We finally compare federal fines and state fines when the latter’s general deterrence is based
on all facilities.  Federal government fines are more effective than state fines as specific deterrents
when the form of sanction is sanction count, but there is no difference between those two kinds of
fines when the form of sanction is either assessed or collected dollars.  Federal government fines are
more effective than state fines as general deterrents, at least when the form of sanction is assessed
dollars.  There is no difference between the effectiveness of federal administrative fines and state
administrative fines as either specific or general deterrents, regardless of the form of sanctions.
There is also no difference between the effectiveness of federal civil fines or state civil fines as
specific deterrents, regardless of the form of sanction.  Federal civil fines are more effective than
state civil fines as general deterrents, however, when the form of sanction is either assessed or
collected dollars.

6. Data Collection using Survey of Chemical Facilities and
Analysis of Surveyed Chemical Facilities

6.1. Data Collection using Survey of Chemical Facilities



96

6.1.1. Survey Data Collection Protocol

First, we identified the proper population to survey.  The original population of facilities was
drawn EPA’s Envirofacts website.  This original population included 2,596 chemical facilities,
which were supposed to have NPDES permits for pollution discharge into water.  Of these 2,596
facilities, 499 facilities were designated major facilities and 2,097 were designated as minor
facilities.  From this list of 2,596 facilities, 984 were eliminated from the sample because they: (1)
were industrial users (discharge into pre-treatment programs run by POTWs), (2) facilities using
general permits (e.g., gravel pits), (3) facilities discharging only bio-solids (sludge), and/or, (4) were
facilities discharging only storm water (into surface water).   For the remaining 1612 facilities (496
major facilities and 1,116 minor facilities) all met the following criteria and were therefore included
in our study: 1) held an NPDES permit, 2) had their discharges regulated, 3) discharged into surface
water, 4) and were in operation as of 2002.  As such we included the entire population of facilities
in our study, rather than randomly sample from the reduced list.

After identifying the proper population to sample, our research team developed the survey
questionnaire with the assistance of the Policy Research Institute (PRI) Survey Research Center
located within the University of Kansas and Mark Cohen, the Director of the Vanderbilt Center for
Environmental Management, as a hired consultant.  Our team pre-tested the survey instrument with
a representative sample of 20 facilities in the Kansas City metro area.  Comments during the pretest
and the input of Dr. Cohen led to changes in wording on several questions.  However, participants
in the pretest did not have problems with the length of the survey and the ease of completion
suggested the survey design was sound.

Survey calls began on March 18, 2002 from the Survey Research Center at the University of
Kansas.  Almost immediately the surveyors noted that much of the contact information provided by
the EPA was either outdated or simply wrong.  Many phone numbers no longer matched the correct
facility and the permit contact person often was no longer available.  Because of extreme difficulty
in contacting facilities and knowledgeable respondents the survey remained in the field through
March 11, 2003.

Survey procedures were as follows.  First, initial contact was attempted with the facility.
Surveyors asked to speak with either the NPDES contact person listed or whoever was responsible
for the facility’s regulated water discharge permit.  Second, if the correct permit person was
identified, and contacted, he or she was informed of our research project and asked to participate in
the survey by establishing an appointed day and time to complete the survey.  If the potential
respondent showed some indication of a willingness to participate, she or he was faxed a short form
of the survey with a number of questions the respondent may not have direct knowledge of and need
time to prepare a response for, such as: “how many full-time equivalent employees did your facility
have in 2001?”  Many potential participants were not willing to establish an appointment to complete
the survey until after they had reviewed the faxed short form.  This typically meant that several more
calls had to be made to the same potential respondent before an appointment could be established.
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Because so much of the facility contact information was poor or incorrect, we looked for
additional sources of updated contact information throughout the time the survey was in the field.54

These additional sources of contact information included: (1) web-based searches under the facility
and company name, (2) contacting EPA regional offices, and (3) contacting state environmental
protection offices.  These efforts yielded considerably more reliable contact information for about
30 percent of the original 1,612 facilities.

From the 1,612 facilities we attempted to survey, 736 refused to participate, 214 indicated
they no longer had NPDES permits (and were therefore excluded from our study), 38 said the facility
was no longer in operation (these facilities were also excluded from the study), 23 were excluded
from the study after we contacted the EPA concerning the permit number and the EPA said these
facilities were closed or no longer discharging, 15 indicated they had already completed the survey,
even though we had no record of the facility responding to the survey, and for 319 facilities we were
never able to directly contact the facility for which the EPA listed NPDES permit applied.
Respondents from the remaining 267 facilities actually completed 90 percent or more of the survey.

After excluding the facilities that did not fit our criteria, the population surveyed was 1,320
facilities.  Based on this group of eligible respondents, including those who refused to participate,
the response rate for the survey was 20 percent.  Based on refusals to completed surveys, the
cooperation rate was 26.6 percent.  Although these rates are fairly low, we have a high level of
confidence that every effort was made to provide each facility with an opportunity to complete the
survey.

Comparison of the original sample of 1,612 potentially eligible facilities to those facilities
that actually completed the survey reveals that there is no systematic state or regional bias in
participation.  For example, by region only the Midwest is slightly over represented in the response
group, and the Northeast is slightly under represented.  However, these differences are small.  In
addition, across most of the states the difference between representation in the original sample and
representation in the response group averages less than two percent.  And those states most
represented in the original sample, such as Texas, Louisiana, and South Carolina, also constitute the
largest portion of the response group.  

There was some difference in the participation of major versus minor facilities.  In the
original sample 69 percent of facilities were minor facilities and 31 percent were major facilities.
In the group of survey respondents, major facilities were slightly over represented at 39 percent.  The
difference, although not huge, may result because major facilities are more fully staffed and therefore
more likely to have employees who could participate in the survey.

6.1.2. Survey Data on Facility Characteristics

Our survey obtained general information on chemical manufacturing facilities to determine
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the characteristics of facilities included in the survey dataset and approximate employee resources
available to each facility.  Specific information was obtained on the year of the first NPDES
wastewater discharge permit, number of facility employees, number of company employees,
company ownership, annual product output, and principal wastewater treatment technologies
employed at the facility. Survey data on facility characteristics is provided in Table 26.

The median year of the first NPDES wastewater discharge permit was 1981.  The
promulgation of effluent standards for a majority of chemical manufacturing industry categories
occurred in the 1970s and 1980s. The median timeframe for the issuance of wastewater discharge
permits is reasonably consistent with the regulatory timeframe for issuance of permits for pre-
existing manufacturing facilities.  Manufacturing facilities established after promulgation of effluent
standards would have obtained a wastewater discharge permit in a year consistent with its initial
wastewater discharge. 

The median number of facility employees ranged from 105 to 110.  The survey dataset
included both minor and major chemical manufacturing facilities.  The range of facility employees
among survey respondents indicated a employee resources available to an individual facility for
environmental issues were limited for small companies and more abundant for larger companies.

A majority of survey respondents were either publicly-held or traded corporations (46%) or
privately-held corporations (36%).  The company ownership structure is reasonably consistent with
our understanding of the U.S. manufacturing industry and the general membership of the American
Chemistry Council. 

A wide range of total annual product output was indicated in the survey dataset.  Total annual
product output was placed in a common mass unit of tons.  Chemical manufacturing industries
produced a range of solid, liquid, and gaseous products. Chemical intermediates produced by one
manufacturing process and used for other manufacturing units within the same company may not be
represented in the total annual product output reported by survey respondents.

The median number of company employees was 3,000.  The survey dataset included both
minor and major chemical companies.  The range of company employees among survey respondents
indicates a wide range of company resources available to achieve facility environmental goals.

The type of principal wastewater treatment technology used by the facility for biochemical
oxygen demand (BOD) and total suspended solids (TSS) removal was compiled by the survey. A
range of removal technologies was reported, however, the most prevalent BOD removal technology
was the activated sludge process and the most prevalent TSS removal was sedimentation.
Approximately 42% of survey respondents indicated no use of BOD removal technologies and 31%
of respondents indicated no use of TSS removal technologies.  It is possible that industrial cooling
waters, rinse waters, and some process wastewaters associated with chemical manufacturing
processes may meet BOD or TSS effluent permit limitations without treatment.  
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6.1.3. Survey Data on Environmental Behavior

Our survey also gathered specific information on environmental behavior of individual
chemical manufacturing facilities.  Specific information was obtained on the facility employees
allocated to ensure facility compliance with environmental regulations. Additional information was
obtained on environmental training programs, environmental consulting expenditures, upgrades
performed on wastewater treatment facilities, stringency of treatment process and sewer monitoring,
ISO 14001 compliance, self-audit programs, self-ratings of employee and management concern for
environmental protection, internal and external environmental communications, and the role of
general facility employees in environmental issues. Survey data on environmental behavior is
provided in Table 27.

The median work effort of facility environmental employees associated with ensuring
compliance with environmental regulations was 20 to 24 person-months or 1.7 to 2.0 full-time
equivalents (FTE).  The total work effort reported by survey respondents included full-time
employees and part-time employees, and could include operators, maintenance staff, clerical staff,
and professional staff.  Based on our experience, this is a reasonable value for a small-to-medium
size manufacturing facility.  The maximum work effort reported by a survey respondent was 480
person-months or 40 full-time equivalents which may be representative a very large chemical
manufacturing complex. 

The median number of company environmental employees was 15.  Survey responses
indicate that some company or corporate resources were available to for assistance with
environmental compliance matters.

The median fraction of facility environmental employees with a college education was 75 %,
and the median experience level was 12 years.  Typical operators and engineering staff in the
chemical manufacturing environment or in a regulatory compliance role generally require a rigorous
technical background consistent with an associate degree or college degree in the sciences or
engineering. 

A training program was provided to environmental employees for 94 % of facilities
responding to the survey.  The median annual training budget was $10,000 and the median annual
days of training provided was 5 days.  Approximately 83% of facilities responding to the survey
indicated that 100% of environmental employees attended the training provided by the facility. These
responses were within the normal range of training resources provided by typical chemical
manufacturing facilities according to our experience with individual facilities. 

Facilities utilized varying degrees of contract employees and external consultants for
wastewater issues.  A majority of facilities (82 %) did not use contract employees for wastewater
operations.  A majority of facilities (68 %) used external consultants to address wastewater issues.
The median annual expenditure for external wastewater consultants by a facility was $10,000.  
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Wastewater treatment plant upgrades were performed for a majority of the facilities surveyed
(68 %) in the 1999 to 2001 timeframe.  The wastewater treatment plant upgrades performed were
reported by 75 % of the facilities to reduce the level of pollutant discharges.  The wastewater
facilities utilized varying degrees of process and upstream sewer monitoring, as indicated in Table
27 (see survey question number 13c).

ISO 14001 compliance and membership in the American Chemistry Council provided
indication of a facility’s involvement in industry-wide environmental initiatives.  Approximately 12
% of survey respondents were ISO 14001 compliant.  Approximately 28% of the survey respondents
were members of the American Chemistry Council. 
  

Approximately 96% of facilities conducted some form of environmental self-audit. The
survey responses for audit frequency in this study are summarized in Table 27 (see survey questions
18 and 18a).  One to three annual environmental self-audits were conducted by 51% of all facilities.
Other facilities reported more routine self-audits. Since wastewater compliance is typically assessed
monthly via submission of a monthly discharge monitoring report (DMR) to a state regulatory
authority, approximately 20% of facilities performed self-audits at a similar frequency to this
compliance reporting activity. 

The audit classification protocol used by chemical facilities ranged from simple to priority
ranking of risk for vulnerability of non-compliance, as shown in Table 27 (see survey question 19).
The lowest level of findings classification would include placing findings into one of only two
categories: "non-compliance" or "other".  Approximately 45% of facilities ranked audit findings
based on a priority scale.

The degree of environmental concern among environmental employees, general plant
employees, and facility management was provided by survey respondents on a 1 to 10 scale (10
being the highest degree of concern).  The average self-rating for environmental employees and
management was 8.9 and 8.8, respectively.  The average self-rating for general plant employees was
7.4.  Facilities usually observe that general facility employees have a lower degree of awareness on
environmental issues and therefore have a lower degree of relative concern for environmental
protection when compared to environmental employees or facility management.

A self-evaluation of the rank of environmental performance goals relative to overall facility
goals for production, quality, and profitability was provided by survey respondents, as shown in
Table 27 (see survey question 23a).  Nearly all facilities (96%) ranked environmental goals as “fairly
important” or “among the most important” relative to other facility goals.  

Facilities used a wide variety of methods to communicate environmental performance goals
to employees and external parties, as shown in Table 27 (see survey questions 24 and 25).  Methods
used to communicate environmental goals to general plant employees included regularly scheduled
meetings or briefings, memoranda, newsletters, electronic mail, public display boards, general
worker orientation, training sessions, or review items for design or construction projects.  Methods
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used to communicate environmental goals to external parties included press releases, advertising,
open houses, community focus groups, and websites or electronic mail.  

Facilities responded that the general employee plays a very important role in identifying and
correcting conditions that may lead to non-compliance (69%), and minimizing pollutants (58%) as
indicated in Table 27 (see survey questions 26 and 27).  Only a small fraction of facilities responded
that the general plant employee played an unimportant or somewhat important role in identifying and
correcting conditions that may lead to non-compliance (4%) or minimizing pollutants (9%).  

6.1.4. Survey Data on Other Aspects

In addition to information on facility characteristics and environmental behavior, our survey
gathered information on three other aspects.  First, our survey gathered evidence of a cooperative
enforcement approach.  We discuss and examine these data in detail below in sub-section # 6.4.  In
addition, we incorporate this evidence of a cooperative enforcement approach into our analysis of
environmental behavior and environmental performance by survey respondents.  Second, our survey
posed hypothetical scenarios to which respondents needed to state their behavioral responses.  These
scenarios allow us to test the theoretical hypotheses associated with specific deterrence and explore
the differential effects of various penalty types.  We discuss and examine the responses to these
scenarios in greater detail below in sub-section # 6.7.  Third, our survey asked questions to capture
the perspectives of facility environmental managerial staff on environmental protection and
enforcement.  The first set of questions explored managerial perspectives on specific deterrence and
various types of government interventions.  We examine the responses to these questions in detail
below in sub-section # 6.3.

The second set of questions probed managerial perspectives on community pressure and
facilities’ standing in the local community regarding environmental protection (i.e., social
commitment to stewardship [Burby and Patterson, 1993]).  A full tabulation of the responses is given
in Table 28.  First, we asked to what degree the facility contributes to the local economy relative to
other local businesses in terms of jobs, taxes, and the like.  Over 71 percent of respondents indicated
their facility contributes a significant amount or a great deal.  Further, most respondents indicated
that the community had a positive view of their facility and its operations in relation to the
environment.  Interestingly, when asked to rate the degree to which the citizens of the community
are currently concerned with environmental protection – on a scale from 0 to 10 with zero being very
low and 10 being very high, the respondents placed community concerns at almost the exact same
level (mean 6.8, median 7) as general facility employees.

The local media coverage of facilities likely has little impact on community views of the
facilities as few facilities have received much media attention in the past 3 years.  In fact, less than
17 percent received negative media attention and another 16 percent actually received positive media
attention.  Over 62 percent received no media attention in regards to environmental issues.
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Facilities seem to be doing a fair amount in communicating with the community.  Indeed,
nearly 60 percent of facilities said their representatives had met with citizen-formed community
groups, such as community action panels, over issues involving the environment in the past three
years.  Likewise, 63 percent held similar meetings with local community leaders.  Interestingly,
almost 20 percent of respondents said that their facility had changed its behavior or operations in the
past 3 years in response to pressure from the community over issues involving the environment.
This result suggests at least some facilities are facing community pressure, and some of those facing
pressure are trying to accommodate community demands.

In fact, when asked: “Which of the following best describes the attitudes that managers of
your facility have towards the facility’s need to respond to local community concerns about the
environment,” only less than 13 percent said only some concern or little concern.  This result
suggests that even facilities not currently receiving pressure on environmental issues would likely
be responsive to the community if concerns were raised.

The responses to these questions about community pressure are incorporated into our analysis
of environmental behavior and environmental performance by survey respondents.  

6.2. Analysis of Decision to Respond to Survey of Chemical Manufacturing Facilities

Using survey responses, we explore more fully our objectives.  In particular, we explore
environmental behavior.  Before analyzing the survey responses, we first test for sample selection
bias within the survey using the Heckman two-stage sample selection technique (Heckman, 1979).
To test for sample selection bias, we first identify the sample of survey recipients, i.e., facilities that
“received” our survey, who fit our screening criteria and for whom we possess data on the date of
contact.  We identify 816 relevant survey recipients.  Of these 816 survey recipients, 268 sufficiently
responded to be deemed “respondents”, while 548 did not respond sufficiently, so they are deemed
“non-respondents”.

As the first stage of the two-stage Heckman sample selection technique, we use a probit
model to estimate each facility’s decision to complete our survey, conditional on the facility being
contacted and fitting our criteria.  To estimate this decision, we model a relationship between the
decision and a set of regressors, which are derived from information that is known for all identified
survey recipients.  First, based on the NPDES identification number, we are able to identify the state
in which the facility is located.  Based on this state information, we are able to identify the EPA
region in which the facility is located.  Based on this EPA region classification, we generate seven
indicators – one for each of the EPA regions 1 to 7 – while leaving EPA regions 8, 9, and 10,
collectively, as the omitted category.  Second, we possess information on each facility’s status as a
major or minor discharger.  From this major/minor classification, we generate an indicator for major
status, with minor status as the omitted category.  Third, we possess information on each facility’s
four-digit SIC code.  Based on the four-digit SIC code, we divide facilities into the following three
manufacturing categories:
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(1) organic chemicals manufacturing category, which includes these four-digit SIC codes:
2812, 2813, 2816, 2819, 2873, 2874;

(2) inorganic chemicals manufacturing category, which includes these four-digit SIC codes:
2821, 2823, 2824, 2843, 2865, 2869, 2891, 2899; and

(3) other chemicals manufacturing category, which includes all other four-digit SIC codes.

Then we create one indicator for organic chemical facilities and one indicator for inorganic chemical
facilities, with “other chemical” facilities serving as the omitted category.

Finally, we possess information on inspections performed at and enforcement actions taken
against all facilities listed as chemical manufacturing facilities by the EPA.  The PCS database
provides both types of information.  The inspections divide into state inspections and federal
inspections.  The enforcement actions divide into the following categories: (1) informal and (2)
formal.  Moreover, the formal actions divide into penalties and non-penalties.  Within each of these
two latter categories, the formal actions also divide into civil formal actions and administrative
formal actions.  These enforcement data exclude information on supplemental enforcement project
(SEPs) and injunctive relief sanctions.  Instead, these data provide information only on fines.  In the
case of fines, we also possess information on the dollar magnitude of each imposed fine.

Attempts to secure useful data from the EPA’s ICIS database, which contains data on SEPs
and injunctive relief sanctions were highly unsuccessful.  (The ICIS database represents the
successor to the EPA’s Docket database, from which we successfully secured useful data on SEPs
and injunctive relief sanctions; we use the Docket data for our analysis of all major chemical
facilities during the earlier period spanning 1995 to 2001.)  In contrast, our efforts to secure useful
data from the EPA’s PCS database were extremely successful.  Consequently, for all of our analysis
of survey recipients, including survey respondents, we utilize exclusively enforcement data drawn
from the PCS database.  Consequently, when examining the effects of sanctions on environmental
behavior, we are not able to assess separately SEPs and injunctive relief sanctions.

In order to generate useful regressors for estimation of the decision to complete our survey,
we summarize the government intervention data across two separate periods preceding the primary
point of contact: (1) preceding 12 months, and (2) preceding 24 months.  For survey non-
respondents, the primary point of contact is the date of refusal; for survey respondents, the primary
point of contact is the date of survey completion.

For the purposes of implementing the Heckman sample selection procedure, we focus
exclusively on particular combinations of government intervention-related regressors.  The first
combination considers all enforcement actions and state and federal inspections as a composite in
the preceding 12-month period.  The second combination considers the same interventions in the
preceding 24-month period.  The third combination considers separate regressors for informal
enforcement actions, formal actions, state inspections, and federal inspections  in the preceding 12-
month period.  The fourth combination considers the same interventions in the preceding 24-month
period.
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Given these regressors, we implement various specifications for estimating the decision to
complete our survey.  In total, we run six specifications.  Four specifications consider the four
combinations of government intervention variables described above, along with the other variables
described even further above.  One specification includes only the non-intervention variables.  One
specification includes only the major status indicator.  Based on the individual coefficient estimates
and log-likelihood ratio tests, the results indicate the following.  First, interventions do not
significantly affect the decision to complete the survey individually or jointly.  Second, SIC codes
and regional indicators do not significantly affect the decision to complete the survey individually
or jointly, with two caveats.  The decision to complete the survey depends on Region 2 at the 10 %
level (p=0.07) and the decision to complete the survey depends on the largest set of regressors barely
at the 10 % level (the test statistic is 14.75 and the 10 % critical value is 14.68).  Third, the decision
strongly and robustly depends on major/minor status, with a p-value ranging between 0.004 and
0.016.

Based on these results, it appears that a sample selection bias exists in only one dimension:
major/minor status.  Therefore, we conclude that we must gingerly assess differences based on the
distinction between major dischargers and minor dischargers.  Without inclusion of an inverse Mills
ratio in any estimation of survey responses, we may be misinterpreting any estimated difference
between majors and minors.  Unfortunately, use of an inverse Mills ratio – the second stage of the
Heckman sample selection correction procedure – applies only to ordinary least squares (OLS)
regression.  Most of the dependent variables that we use to capture environmental behavior do not
fit well within an OLS regression framework, with a few exceptions (e.g., external consulting
expenses).  Given this constraint, we choose to acknowledge the apparent bias with respect to
major/minor status, in general, and attempt to correct for this apparent bias, where possible.  For this
correction, based on the reported probit estimation results, we create an inverse Mills ratio that stems
from the estimation of the survey completion decision as a function of only one regressor –
major/minor status (in addition to an intercept).

6.3. Analysis of Responses to Questions regarding Managerial Perspectives on Deterrence and
the Relative Effectiveness of Various Government Interventions

We next attempt to gauge the relative effectiveness of various government interventions on
the behavior and performance of regulated entities by evaluating the responses to our survey.  We
use the survey results to assess whether regulated firms in the chemical industry view certain kinds
of interventions – such as inspections, monetary fines, injunctive orders, or supplemental
environmental projects – as effective for inducing facilities to comply with regulatory obligations
under the NPDES permit program.  To ascertain the perceptions of regulated point sources in the
chemical industry about the relative effectiveness of various government interventions, we asked our
survey respondents directly about their views on a series of different intervention tools.

6.3.1. Responses to Questions regarding the Effectiveness of Inspections

First, we examine responses to questions regarding the effectiveness of inspections.  We



55  We should note an ambiguity in the way we phrased many of the survey questions relating to the
effects of government interventions on performance.  For example, we asked whether the respondents
thought “that government inspections are effective ways for inducing individual chemical facilities to comply
with permitted water discharge limits.”  This question could be interpreted as asking whether an inspection
at a particular facility will induce compliance with permitted discharge limits in the future at that same
particular facility.  This interpretation would assess the respondents’ views of the specific deterrent effects
of inspections.  Alternatively, the question could be interpreted as asking whether an inspection at a
particular facility will induce compliance at other facilities within the industry.  This interpretation would
assess the respondents’ views of the general deterrent effects of inspections.  The survey questions were
drafted so as to cover both the specific and general deterrent effect of government interventions on
performance.

56  Victor B. Flatt, A Dirty River Runs Through It (The Failure of Enforcement in the Clean Water
Act), 25 B.C. Envtl. Aff. L. Rev. 1 (1997), documents the different levels of stringency that characterize
various state enforcement programs under the CWA.  Cf. Clifford Rechtschaffen, Enforcing the Clean Water
Act in the Twenty-First Century:  Harnessing the Power of the Public Spotlight, 55 Ala. L. Rev. 775 (2004)
(documenting divergent track record among the states in renewing and updating NPDES permits under the
CWA and in enforcing regulatory obligations).  Great variations also exist among the different regional
offices in the kinds of actions they take to enforce alleged regulatory violations.  These differences may be
attributable to factors such as differences in philosophical approach among enforcement staff; responses
among the regional offices to differences in state laws; variations in resources available to regional and state
agencies; the flexibility afforded enforcement personnel by EPA policies and guidance; and inadequate and
incomplete compliance data.  See UNITED STATES GENERAL ACCOUNTING OFFICE, ENVIRONMENTAL

PROTECTION – MORE CONSISTENCY NEEDED AMONG EPA REGIONS IN APPROACH TO ENFORCEMENT,
GAO/RCED 00-108, 2000 WL 1089220 (June 1, 2000) [hereafter, GAO, MORE CONSISTENCY NEEDED].  For
example, some EPA regional offices rely much more heavily on administrative monetary penalties than
others.  See William Funk, Close Enough for Government Work?  Using Informal Procedures for Imposing
Administrative Penalties, 24 Seton Hall L. Rev. 1, 43-44 (1993) (stating that in fiscal year 1990, Regions 4
and 6 each accounted for more than one-third of all proposed Class I administrative penalty orders issued
by EPA under the CWA).  Professor Funk claims that these differences are due to different regional
enforcement strategies and differences in state environmental enforcement.
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sought to determine whether the respondents in our survey think that government inspections are
effective ways for inducing individual chemical facilities to comply with permitted water discharge
limits.55  35.6% of those we surveyed said probably yes.  Another 52.1% said definitely yes.  Only
a total of 10.9% said probably not or definitely not.  Thus, the survey respondents answered this
question the way we expected they would and in a manner consistent with the results of previous
empirical studies of the effect of monitoring and inspections on industry compliance.

We attempt to determine whether there are any regional patterns to the responses to this
question.  It turns out that facilities located in southern states (especially Texas) were somewhat
more likely to say that inspections are effective than in other regions of the country.  Facilities in
Midwestern states like Iowa and Illinois were more likely to say that inspections are not effective.56

In the next question, we asked whether the respondents thought it matters whether
inspections are performed by a state regulator or EPA.  33.6% said definitely not, and another 27.9%
said probably not.  15.5% said probably yes, and another 21.5% said definitely yes.  Facilities in the



57
  SUSAN HUNTER & RICHARD W. WATERMAN, ENFORCING THE LAW:  THE CASE OF THE CLEAN AIR

AND WATER ACTS 46-148 (1996).  Compare to WILLIAM H. RODGERS, JR., ENVIRONMENTAL LAW:  AIR AND

WATER 590 (1986) (citing “authoritative” reports that “EPA routinely relies on state agencies for compliance
monitoring, although it knows that some states themselves are unable to monitor with sufficient frequency
and reliability”); Joel A. Mintz, Scrutinizing Environmental Enforcement:  A Comment on A Recent
Discussion at the AALS, 17 J. Land Use & Envtl. L. 127, 130 (2001) (quoting Clifford Rechtschaffen as
stating that many states have been “less than enthusiastic” about deterrence-based enforcement).

58  Cf. Robert R. Kuehn, The Limits of Devolving Enforcement of Federal Environmental Laws, 70
Tul. L. Rev. 2373, 2377 (1996) (asserting that states are engaged in “‘cannibalism’ in their competition to
attract new businesses, wooing them with tax breaks and other taxpayer-financed economic incentives” and
arguing that “[i]n the present climate of economic rivalry between states, one would be naive not to believe
that without the power of federal intervention, some states would purposefully reduce their enforcement
efforts as an economic incentive”); id. at 2384 (arguing that a federal enforcement presence “appears
absolutely essential in a state where relaxed environmental enforcement is seen as a way to induce economic
development’).
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Midwest were more likely to say that it does not matter whether inspectors are state or federal.  Of
those who said the source of the inspection matters, 59.6% reported that state inspections are more
effective.  Only 18.1% said federal inspections are more effective.  21.6% said they did not know
which was more effective.  

These results seem to indicate that the survey participants overwhelmingly think that
inspections are effective deterrents.  A majority of the respondents think it does not matter whether
inspections are performed by state or federal officials.  This response is expected assuming that
federal and state agencies are equally likely to perform inspections and equally likely to follow upon
the results of those inspections with enforcement.  But of those who perceived a difference, more
believed that state inspections were more effective than those who believed that federal inspections
were more effective.  We speculate about why most of the respondents answering this question
believe that state inspections are more effective at inducing compliance.   Perhaps the proximity of
the inspectors affects behavior:  state inspectors are more likely to live nearby and be part of the
community than federal inspectors, so firms might care more about reacting positively to someone
who lives in the community than to an outsider.  

Whatever the reason, the view that state inspections tend to be more effective at inducing
compliance is supported by some of the literature.  Hunter and Waterman (1996) report, for example,
that based on a study of CWA inspections between June 1988 and April 1989, the researchers
conclude that the states have been more active in conducting inspections and have resorted to more
“vigorous” types of inspections.57  On the other hand, there is also support for the proposition that
state regulators may be more averse to following up inspections with rigorous enforcement for fear
that a state with a reputation for strong environmental enforcement may become relatively less
attractive to new business than a state with a reputation for weak environmental enforcement.58

6.3.2. Responses to Questions regarding the Effectiveness of Monetary Fines

Second, we examine responses to questions regarding the effectiveness of monetary fines.
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These questions seek to gauge the perceptions of the chemical industry on the effectiveness of
monetary fines in inducing compliance.  To assess whether regulated point sources in the chemical
industry share EPA’s stated views about the efficacy of monetary sanctions as a deterrent, we first
asked generally whether the respondents thought that the imposition of monetary fines is an effective
way for inducing individual chemical facilities to comply with permitted water discharge limits.
More than 21% of the survey participants said definitely not or probably not.  The fact that a
significant percentage of the survey respondents did not view monetary fines as effective deterrents
is consistent with Professor William Rodgers’ assertion that “[m]ost observers tend to believe that
monetary penalties are laughably puny,” although he described the evidence as “strictly anecdotal”
(Rodgers, 1996, pg. 600).  That number is almost twice the number that found inspections not to be
effective.  Still, more than three-quarters of the respondents (77.4%) said that monetary fines are an
effective deterrent.  Again, this result is not surprising in light of both theory and practice.

We also seek to determine whether certain kinds of fines are likely to be more effective at
inducing compliance than others, at least if firms react to fines the way the survey responses reveal
that industry officials think about them.  We next asked whether the respondents thought it matters
whether the monetary fines are levied by the federal or state governments, assuming the fines are the
same size.  53.8% of those who responded said it definitely does not matter, and another 29.5% said
it probably does not.  That left only 13.7% saying that the identity of the government mattered.  That
was far fewer than the 37% who said that the identity of the governmental entity performing
inspections mattered.

This result is consistent with what an economist would predict.  If the size of the fine is the
same regardless of who imposes it, it should not matter who the enforcer is – a dollar owed to the
federal government has the same impact on the regulated entity required to pay it as a dollar owed
to the state government.  This assumes, though, that the respondents perceived the likelihood of
being fined by federal and state regulators as being equal.  If a respondent believes that a fine is not
likely to be imposed, economic theory predicts that he or she will discount the amount of the fine
that the violator would have to pay if a fine were imposed.  Thus, if any respondents perceived one
level of government to be more likely to impose a fine on a particular facility than the other would
be, it would make sense for those respondents to perceive federal fines to be more effective than state
fines (or vice versa).

Next we asked those who thought the identity of the government imposing the fine does
matter which type of monetary fine is more effective, state or federal.  The responses were closely
divided.  25.4% of those answering this question said they thought state fines were more effective,
while 21.6% said they thought federal fines were more effective.  48.5% said they did not know.
This last response appears to make no sense at all since we only asked this question of those who
responded to the question asking wither the level of government makes a difference.

We also asked those who said that it matters whether the fine is federal or state why they
thought it matters.  The literature supports the conclusion that federal enforcement efforts generally



59  See, e.g., RECHTSCHAFFEN & MARKELL, supra, at 247 (citing EVAN J. RINGQUIST,
ENVIRONMENTAL PROTECTION AT THE STATE LEVEL:  POLITICS AND PROGRESS IN CONTROLLING POLLUTION

135-50 (1993)) (reporting Ringquist's finding that "federal enforcement efforts, which generally tend to be
more aggressive than state efforts, and state enforcement efforts that were ‘consistent, focused and
well-supported,' resulted in greater reductions than weak and inconsistent state programs").

60  It is not clear whether the respondent providing this explanation felt that “greater authority”
translated into a greater likelihood that a fine would be imposed, or into a perception that the size of a federal
fine would be greater than the size of a state fine.  This latter explanation would have to be discounted
because we built into this question the assumption that the size of the fines would be equivalent.
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tend to do a better job at inducing regulatory compliance than at least some state efforts.59  The
answers we got to the question of why it matters whether the fines are imposed by federal or state
authorities included some that support the conclusion that regulated entities in fact perceive federal
fines to have a greater adverse impact on the violator’s business.  For example, some respondents
who viewed federal fines as more effective at inducing compliance said that the company is a
national company; the corporate entity is affected as a whole; the federal government is usually the
last one to come in, and if they are there for an extended period of time, it is bad; when the feds are
involved, it’s a bigger issue; the federal government has greater authority;60 federal fines have a
higher level of notoriety; the federal government seems to have more power to enforce regulations;
or there is more publicity with federal fines.  One common thread in many of these responses is that
federal fines tend to generate more adverse publicity than state fines and therefore have adverse
effects that go beyond the direct impact of the fine itself on the violator’s bottom line.

Those who state that state fines are more effective at inducing compliance said things like:
the state regulators are closer to home; state fines have local impact and publicity and damage
corporate image and community relations; people pay more attention to state regulations; state
regulators are probably more stringent than federal regulators; companies spend more time with state
regulators so state fines affect the regulator-regulated relationship more; the state will work with you
to use the money better for the community – you know where the money goes.  Those who think that
state fines are more effective seem to focus on the proximity of the regulators to the firm and the
possibility that state fines may actually generate more adverse publicity locally, even if publicity at
the national level is not as great.

We also find that minor facilities are slightly more likely than majors to say that state fines
are more effective, but the correlation is weak.  This response is one of only two questions relating
to the effectiveness of government interventions on which there seems to be any difference between
how the major and minor facilities in the chemical industry perceive the relative effectiveness of
government interventions.

In sum, the survey respondents seem to view monetary fines as an effective deterrent, but as
one that is relatively less effective as a deterrent to noncompliance with effluent limitations
incorporated into NPDES permit than inspections.  They also view the identity of the government
entity imposing the fine as less important than the identity of the entity conducting an inspection.
Perhaps that is because the respondents perceived state inspectors as more likely than federal



61  The direct effect of a fine would stem from the obligation to pay the amount assessed to the
government.  Indirect effects would include things like a reduction in future sales if consumers reacted
adversely to publicity about the fine by reducing purchases of the violator’s products or services.

62  It is possible that the respondents were answering strategically.  One can imagine a respondent
actually believing that an inspection is preferable to a fine because it has less immediate impact on the firm’s
bottom line.  The respondent might answer that inspections are more effective, however, if he or she believed
that the government sponsors of this research would rely more heavily on inspections than fines if that was
the normative recommendation stemming from this research project.

63  For a description of the process of federal civil enforcement under statutes such as the CWA, see
John C. Cruden & Bruce S. Gelber, Federal Civil Environmental Enforcement:  Process, Actors, and Trends,
18-Spg. Nat. Resources & Env’t 10 (2004).

64  GAO, MORE CONSISTENCY NEEDED, supra, 2000 WL 1089220, at *18.  See also id. at *21
(finding that, “[o]n average, civil judicial actions result in significantly higher penalties than do
administrative actions”).
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inspectors to follow up with enforcement action, whereas once a monetary penalty has been imposed,
the firm suffers (at least directly)61 to the same extent whether the fine is state or federal in origin.
At any rate, the respondents’ perception that inspections are relatively more effective at inducing
compliance than fines is consistent with preexisting empirical studies.62

In the next question, we asked whether it matters whether a federal fine is administrative (i.e,
imposed by EPA) or civil (i.e., imposed by a federal court), assuming the fines are the same size.63

A total of 49.4% said definitely not or probably not.  A total of 41.5% said probably yes or definitely
yes.  The latter figure is a much higher number than the percentage who said that the identity of the
government mattered.  8.3% said they did not know.  Of those who said it mattered, 25.7% said that
administrative fines are more effective, while 39.1% said civil fines are more effective.  Thus, there
is a clear lack of consensus on whether the impact of an administrative fine differs from that of a
civil fine, and, if so, how.  The survey results nevertheless support the conclusion that the difference
between federal administrative and federal civil monetary fines as deterrents seems more important
to the respondents than the difference between federal and state fines.  The General Accounting
Office concluded several years ago that civil enforcement actions, including those that result in the
imposition of civil monetary penalties, “tend to be taken more seriously by the regulated community”
than administrative actions.64

We asked in a follow-up question why the respondents who said that it matters whether a fine
is imposed administratively or judicially thought one type of fine is more effective than the other.
Those that find civil fines to be more effective said things like:  a fine that comes from a court tends
to attract a higher level of management action; civil court fines generate more publicity;
administrative fines do not seem as nasty; it’s better to avoid the court system; a court fine means
a judgment against the company; court fines seem more directly tied to individual conduct; issues
that get to court are more important; because it is directly tied to the judicial criminal system; the
plant is less likely to respond in the same manner once you get to court; courts are more effective to
get people to comply; federal court fines carry a stigma; “if it gets to court it’s gone too far”; and
there are likely to be more legal fees if you’re in court.  Thus, it seems that one of the factors that
made some respondents perceive civil fines to be relatively stronger deterrents that administrative



65  One law professor went so far as to assert that “only judicially assessed penalties have a deterrent
effect.  The public nature of the large penalty assessments leads to their rapid dissemination to environmental
lawyers and their clients, which immediately deters violations by others who wish to avoid the expense and
public humiliation of judicially assessed penalties.  In contrast, administratively assessed penalties are both
too small and too private to motivate voluntary compliance.”  David R. Hodas, Enforcement of
Environmental Law in A Triangular Federal System:  Can Three Not Be A Crowd When Enforcement
Authority Is Shared by the United States, the States, and Their Citizens?, 54 Md. L. Rev. 1552, 1613-14
(1995).  Hodas adds that “[f]or all practical purposes, administrative enforcement activity is not subject to
public scrutiny; thus there is no independent public check on state and federal enforcement practices.  In
comparison, the judicial actions are open to the public.”  Id. at 1614.

66  Administrative fines are routinely reported, however, in trade publications such as the Bureau of
National Affairs’ Environment Reporter.

67  A company might be inclined to take a civil fine more seriously than an administrative fine of the
same size for some of the reasons mentioned above (e.g., more adverse publicity or greater transaction costs),
but it might do so for different reasons, such as a belief that a fine imposed judicially signifies a more serious
breach of the law than a fine imposed administratively.  A company might react to a minor legal breach as
the normal and expected costs of doing business, while perceiving a major breach as the signal that the
company must make fundamental changes in the way it conducts business.

68  Wayne B. Gray & John T. Scholz, Does Regulatory Enforcement Work?  A Panel Analysis of
OSHA Enforcement, 27 L. & Soc'y Rev. 177, 200 (1993).
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fines was fear of adverse publicity.  Indeed, it seems that, in general, the imposition of a fine by a
federal court for CWA violations is more likely to wind up being reported in print media such as
local newspapers65 than the imposition of a fine by EPA.66  Another factor is the possibility that, even
if the size of the fine is the same whether it is imposed administratively or judicially, the transactions
costs (such as court costs or attorneys fees) involved in litigating or settling questions concerning
the liability of the alleged violator and the size of the penalty owed might be greater in the judicial
context than in the administrative context.

Other factors also may also be at work.  Some respondents, for example, think that company
management is likely to take a civil fine more seriously than an administrative fine67 or that company
employees are at greater risk of individual liability, including criminal liability, from civil than from
administrative fines.  The first of these two explanations is consistent with the literature on the
effects of fines for environmental violations.  Gray and Scholz conclude that

[e]ven for corporations, enforcement actions serve to focus attention on organizational
patterns of behavior that may be out of line with organizational beliefs and accepted social
norms. . . .  We speculate that OSHA penalties, like major accidents or unusually high injury
levels, refocus managerial attention on safety and health problems that may have been
ignored or overlooked.  The initial focus on specific OSHA violations, though perhaps
annoying to busy managers, triggers a broader review of performance that we suspect goes
far beyond a legalistic response to OSHA standards.68

There are still other reasons why a fine imposed by a federal court acts as a stronger deterrent
than a fine imposed administratively by the EPA.  Civil fines, for example, are more likely to capture



69  See, e.g., Hodas, supra, at 1609 (citing U.S. General Accounting Office, GAO/RCED-91-166,
Environmental Enforcement:  Penalties May Not Recover the Economic Benefit Gained by Violators 2-3
(1991)).  

70  See 33 U.S.C. § 1319; Firestone, supra, at 109.
71  On the other hand, some critics have charged that “EPA’s civil penalty policies call for

unreasonably high penalties for relatively minor violations.  That argument is based, in part, on the difficulty
of complying with a complicated, fluid set of environmental regulations.”  David B. Spence, The Shadow of
the Rational Polluter:  Rethinking the Role of Rational Actor Models in Environmental Law, 89 Cal. L. Rev.
917, 937-38 (2001).

72  The absence of empirical research on the deterrent impact of injunctions in environmental cases
is not unique.  See. e.g., Dhaivat H. Shah, The Care and Feeding of an SEC Cease-and-Desist Order:  The
Commission Defines its Authority Through In the Matter of KPMG Peat Marwick, LLP, 25 Hamline L. Rev.
271, 293 (2002) (bemoaning the lack of empirical research on the impact of cease and desist orders issued
by the federal Securities and Exchange Commission).  On the subject of environmental law and injunctions
generally, see Daniel A. Farber, Equitable Discretion, Legal Duties, and Environmental Injunctions, 45 U.
Pitt. L. Rev. 513 (1984); Zygmunt Plater, Statutory Violations and Equitable Discretion, 70 Cal. L. Rev. 524
(1982).
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the violator’s economic benefits of noncompliance than administrative fines.69  In addition, there are
sometimes statutory limits on the amounts of fines that may be imposed administratively that do not
apply to civil fines.70  These factors should have been irrelevant to the survey responses to the
questions comparing the efficacy of civil and administrative fines, however, because the questions
hypothesized that the sizes of the fines are equal.71

Those who find administrative fines to be more effective said things like:  because of the
name EPA; it’s putting the marker out that it’s an EPA administrative fine.  Perhaps these
respondents reasoned that regulated entities have an ongoing relationship with federal and state
regulatory agencies, but not with courts.  The imposition of an administrative fine might have
adverse effects that extend beyond the immediate impact of the fine on the violator’s bottom line,
such as more frequent inspections in the future, or the possibility that the agency will fine the
company in the future more heavily than if the initial violation had not occurred because the agency
treats repeat offenders differently than first-time offenders.

6.3.3. Responses to Questions regarding the Effectiveness of Injunctive Relief

Third, we examine responses to questions regarding the effectiveness of injunctive relief.
We do not find any empirical research on the effectiveness of injunctive relief as a deterrent to
violations of environmental laws.72  Thus, the answers provided by the respondents as to the
effectiveness of injunctions as a deterrent exist in a greater vacuum than do the answers relating to
inspections or monetary fines.  Our own empirical analysis on the effects of injunctive relief
sanctions serves as the only guide for understanding the effectiveness of injunctive relief sanctions.
In the first relevant question, we asked the survey participants whether imposition of a federal
injunctive relief sanction is an effective way to induce individual chemical facilities to comply with
permitted water discharge limits.  A total of 18.6% of the respondents said definitely not or probably
not, 29.2% said probably yes, 22.0% said definitely yes, and 28.8% said they did not know.  The



73  Hodas, supra, at 1610.
74  The proponents of a cooperative approach to environmental enforcement have argued generally

that a vigorous approach to enforcement can backfire in this manner.  This argument is discussed below in
connection with the discussion of the relative merits and demerits of the deterrent and cooperative
approaches to enforcement.

75  See RECHTSCHAFFEN & MARKELL, supra, at 65 (quoting U.S. EPA, Supplemental Environmental
Projects Policy 79 (1998)) (“[EPA’s] SEPs policy might be described as a ‘kinder, gentler stick.’  It allows
violators to reduce the size of the penalty they would otherwise be required to pay by reaching agreement
with EPA to implement an appropriate SEP.  SEPs are ‘environmentally beneficial projects which a
defendant/respondent agrees to undertake in settlement of an enforcement action, but which the defendant
is not otherwise legally obligated to perform.’”); Bonorris et al., supra, at 187 (describing SEPs as
“environmentally beneficial projects voluntarily undertaken by violators of environmental laws, for which
EPA may partially mitigate the civil penalties they would otherwise face”).

76  See Bonorris et al., supra, at 215 (stating that SEPs "are highlighted as a tool in this collaborative
effort through their use as a negotiated settlement, their community involvement, and the prospect for the
creation of innovative environmental solutions by the regulated community, in contrast to penalties meted
out by enforcement personnel”).
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percentage answering yes (51.4%) is much less than the percentage who viewed inspections as
effective (87.5%).  It was also much less than the percentage who viewed monetary fines as effective
(77.4%).

These differences may be due to the relative lack of experience by corporate officials whom
we surveyed with suits that lead to injunctive remedies.  Alternatively, it may be due to the
perception of the respondents that injunctive remedies do relatively little to penalize violators for
past illegal conduct.  Injunctions by definition are prospective in orientation.  One observer has made
a similar point about administrative compliance orders, asserting that when administrative
enforcement action results in issuance of a compliance order without accompanying civil penalties,
such action tends not to result in abatement of ongoing violations.73  A third possibility is that
companies may view injunctions as destructive of ongoing relationships between regulators and
regulated entities, leading to reduced willingness of regulated companies to cooperate and thus to
a less effective deterrent on future noncompliance.74

6.3.4. Responses to Questions regarding the Effectiveness of
Supplemental Environmental Projects

Fourth, we examine responses to questions regarding the effectiveness of supplemental
environmental projects (SEPs).  SEPs are environmentally beneficial projects that a court allows a
violator to carry out to avoid a fine or to reduce the size of a fine.75  SEPs have been touted as a key
component of the efforts urged by some to move environmental enforcement from the traditional
deterrent model to a mechanism that relies more on cooperation between regulators and regulated
entities.76  There is some support in the theoretical literature for the proposition that SEPs are likely
to be relatively weak deterrents.  According to Professor David Dana, SEPs may actually lower the
cost to regulated entities of regulatory violations, which may result in “underdeterrence of regulatory
violations where there previously was none and worsen underdeterrence where there previously was



77  David A. Dana, The Uncertain Merits of Environmental Enforcement Reform:  The Case of
Supplemental Environmental Projects, 1998 Wis. L. Rev. 1181, 1184 (1998).  See also Bonorris et al., supra,
at 205 (stating that “SEPs raise the possibility of underdeterrence by opening up the possibility for
opportunistic violators to reduce the actual cost of the environmental penalty, as well as the possibility of
tax deductions for SEP costs”).

78  Bonorris et al., supra, at 206.
79  For discussion of the use of SEPs in connection with CWA violations, see generally Quan B.

Nghiem, Comment, Using Equitable Discretion to Impose Supplemental Environmental Projects Under the
Clean Water Act, 24 B.C. Envtl. Aff. L. Rev. 561 (1997).

113

some.”77  Moreover, the risk that SEPs will result in underdeterrence is exacerbated by the fact that
SEPs create additional regulatory uncertainty in that SEP costs are typically assessed and reported
by the violator, and it is difficult for regulators to verify those figures.  Violators have obvious
incentives to overestimate the costs of SEP implementation as a means of receiving greater
mitigation from the penalty that would otherwise apply or to minimize the business benefits of
SEPs.78  We are not aware, however, of any empirical work that addresses the effectiveness of SEPs
as deterrents to environmental violations generally or to violations of NPDES permit obligations in
particular.79

The responses to the question we posed about the effectiveness of SEPs as a deterrent
conform in some respects to the theoretical discussion of this enforcement tool.  In the relevant
question, we asked whether a federal requirement to complete a SEP is an effective way to induce
individual chemical facilities to comply with permitted water discharge limits.   9.1% said that these
projects are definitely not an effective way to induce compliance and another 14.8% said they are
probably not effective.  A total of 69.2% said they probably or definitely are effective.  5.7% said
they did not know whether SEPs are an effective means of inducing compliance.  We find that major
facilities are somewhat more likely than minors to say that SEPs are effective, but the correlation is
weak.

Clearly, a large majority of the respondents view SEPs as effective deterrents, a result which
would appear to conflict with the theoretical prediction of the real-world impact of this kind of
intervention.  The percentage of those who answered yes or probably yes to this relevant question,
however, is lower than for any of the other kinds of government interventions covered by the survey
except for injunctions.  Thus, even if the respondents view SEPs as an effective deterrent, they
perceive it as a relatively weak one.  One interesting question is why they perceive injunctions as
even weaker deterrents than SEPs.  One possibility is that SEPs typically are the product of
negotiation between the enforcing authority and the regulated entity.  The latter therefore is likely
to have more input into the contents of an SEP than the obligations imposed by an injunction.
Perhaps the respondents feel that injunctions are more adversarial in nature than SEPs, that they are
therefore more likely to generate hostility to and lack of cooperation with regulators among regulated
entities, and that future violations are more likely to occur following the issuance of an injunction
than an SEP.  Conversely, if the formulation of an SEP signals the beginning of a better cooperative
relationship between regulator and regulated entity, the latter may work harder to avoid future
violations so as not to lose the good will that may have been generated by issuance of the SEP.
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In summary, there seems to be a hierarchy of government intervention tools according to how
effective they are perceived as being among our survey respondents at inducing compliance with
NPDES effluent limitations:  inspections (especially state inspections) are viewed by the greatest
percentage of the respondents as being effective, followed by monetary fines, SEPs, and, finally,
court injunctions.  These perceptions for the most part correspond to both theoretical and empirical
findings in past studies about how effective these intervention tools are likely to be or have been in
practice at inducing compliance with environmental or health and safety regulatory requirements.

6.3.5. Correlations between Survey Responses regarding Perceptions of the Effectiveness of
Government Interventions and Other Survey Responses

We engage in some further analysis of the survey responses in an effort to determine whether
there are any correlations between the questions on the survey relating to the efficacy of the various
government interventions and some of the other survey questions relating to different issues.  We
find a moderate correlation (- 0.34) between the survey respondents who indicate that they had
completed wastewater treatment facility upgrades within the past three years and those who said that
state fines are more effective deterrents than federal fines.  We find another weak correlation (- 0.13)
between those who indicate that they had no or weak audit systems and those who indicate that it
makes no difference whether federal fines are civil court or administrative fines.  Perhaps these
respondents feel that regardless of the source of the fine, the weakness of their audit systems would
be unlikely to detect problematic conditions in time to avoid violations.  Alternatively, the absence
of strong audit systems may reflect a belief on the part of the companies involved that the benefits
of noncompliance generally exceed its costs, so that it is not worth the effort to put strong audit
systems in place, and that the level of fines to which they are subject is not likely to change that
dynamic, regardless of the source of the fine.

There is also a weak correlation (0.20) between the responses to the following two questions:
(1) the question that asked whether, over the past three years, anyone in the facility had requested
the supervisor of the facility’s water regulator to help with a difference of opinion between the
facility and the water regulator, and (2) the question that asked whether the respondent thinks that
government inspections are effective ways to induce individual chemical facilities to comply with
permit limits on discharges.  This correlation suggests that facilities that have appealed to their
regulator’s supervisor for help are more likely to say that federal inspections are more effective than
state inspections.

There is also a weak correlation (- 0.15) between the responses to the question that asked
whether the respondent, on the whole, thinks that it should or should not be the government’s
responsibility to impose strict laws to ensure that industry does less damage to the environment and
the responses to the question that asked whether government inspections are effective.  This
correlation suggests that those respondents who said that it should not be the government’s
responsibility to ensure that industry does not pollute were more likely to say that government
inspections are not effective.  Similarly, there was a weak correlation (.18) between the responses
to the question that asked how much the respondent agrees or disagrees with this statement –
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  RECHTSCHAFFEN & MARKELL, supra, at 244.  “Magat and Viscusi examined CWA biological

oxygen demand (‘BOD’) discharges from pulp and paper mills from the first quarter of 1982 until the first
quarter of 1985.  They found that when EPA increased inspection activity at a plant in the quarter
immediately preceding the present quarter, a twenty percent increase in BOD emissions and a decrease in
the probability of noncompliance resulted.”  Jeremy Firestone, Enforcement of Pollution Laws and
Regulations:  An Analysis of Forum Choice, 27 Harv. Envtl. L. Rev. 105, 138 (2003) (citing Wesley A.
Magat & W. Kip Viscusi, Effectiveness of the EPA’s Regulatory Enforcement:  The Case of Industrial
Effluent Standards, 33 J. L. & Econ. 331 (1990)).  In addition, “Laplante and Rilstone analyzed 1985-1990
data on the pulp and paper industry in Quebec. . . .  They found that past inspections resulted in a 28%
reduction in BOD discharges, a rate slightly higher than observed by Magat and Viscusi.  They also observed
a secondary benefit to inspections:  increased reporting.”  Firestone, supra, at 138 (citing Benoit Laplante
& Paul Rilstone, Environmental Inspections and Emissions of the Pulp and Paper Industry in Quebec, 31
J. Envtl. Econ. & Mgmt. 19-36 (1996)).

115

“Companies will behave responsibly when it concerns environmental protection, regardless of
government regulation” – and responses to the question that asked whether government inspections
are effective.  This correlation suggests that respondents who said they did not believe that
companies would fail to behave responsibly, regardless of government regulation, are more likely
to say that government inspections are effective.  In other words, these respondents may believe that
regulated entities are not likely to have sufficient motivation to avoid violations in the absence of
government enforcement and that enforcement action may supply that motivation by increasing the
costs of noncompliance, while inspections increase the likelihood of enforcement action.

6.3.6. Re-Examination of Deterrence Effects on Environmental Performance:
Incorporate Facilities’ Perceptions on the Effectiveness of Government Interventions

In Section 5, we examine the effects of specific deterrence and general deterrence stemming
from government interventions on environmental performance.  In the preceding sub-sections, we
examine facilities’ perceptions on the effectiveness of government interventions for inducing better
environmental performance.  In this sub-section, we re-examine the effects of deterrence in light of
facilities’ perceptions.  In addition, we briefly compare our empirical results with those from
previous studies.  We first examine the effectiveness of inspections and then the effectiveness of
monetary fines.

6.3.6.1. Effectiveness of Inspections

We examine first the effectiveness of inspections.  Our empirical analysis of environmental
performance demonstrates that the specific deterrent effect of federal inspections lowers the amount
of BOD relative discharges; i.e., as the number of federal inspections at a particular facility over the
preceding twelve months increases, the level of effluent discharged at that facility goes down.  This
result confirms conclusions in previous studies of the pulp and paper industry that show that
increases in federal inspections lead to a decreased probability of noncompliance with CWA permits.
(Several series of studies of the pulp and paper industry in both Canada and the United States
indicate that increased levels of traditional enforcement activity, including inspections, tend to raise
the rate of industry compliance at the plant level.80  In addition, a 1997 study of the U.S. pulp and



81  See Mark A. Cohen, Empirical Research on the Deterrent Effect of Environmental Monitoring
and Enforcement, 30 Envtl. L. Rep. (Envtl. L. Inst.) 10245, 10248 (2000) (citing Louis W. Nadeau, EPA
Effectiveness at Reducing the Duration of Plant-Level Noncompliance, 34 J. of Econ. & Mgmt. 54, 77
(1997)).

82  Wayne B. Gray & Mary E. Deily, Compliance and Enforcement:  Air Pollution Regulation in the
U.S. Steel Industry, 31 J. Envtl. Econ. & Mgmt. 96, 110 (1996).

83  See, e.g., Gray & Scholz, supra, at 185 (stating that “existing research provides some support for
a general deterrence effect” of government inspections); Cohen, supra, at 10246 (stating that “[a] series of
empirical studies beginning in the mid-1980s have documented a general deterrent effect on both the
frequency and volume of oil spills from increased Coast Guard monitoring activities”).

84  Hunter and Waterman (1996) reference a study of CWA inspections between September, 1988,
and April, 1989.

85  See, e.g., Gray & Scholz, at 185 (stating that “[t]he evidence on specific deterrence is mixed:
some plant-level studies have found OSHA inspections to be effective in reducing injuries, but these studies
have not controlled for the possible endogeneity of inspections”).
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paper industry by Lewis Nadeau finds that a 10-percent increase in monitoring activity yielded a
reduction of between 0.6-percent and 4.2-percent in time spent in violation of applicable regulatory
requirements.81)  Another study shows that inspections result in increased CAA compliance at steel
plants.82  On the other hand, our analysis reveals no relationship between the general deterrent effect
of federal inspections and the amount of BOD effluent discharged relative to permitted levels.  Our
findings are somewhat surprising in that previous empirical research has provided some support for
the proposition that inspections have a general deterrent effect.83

Our empirical analysis also reveals no relationship between state inspections and BOD
discharge levels relative to permitted levels; i.e., discharge levels did not tend to fall (or rise) relative
to permitted limits at a particular facility following a state inspection.  Thus, specific deterrence
stemming from EPA inspections is more effective at improving BOD-related performance than
specific deterrence stemming from state inspections.  This is also a curious result, given the survey
findings that 87.7% of the respondents stated that government inspections are effective ways to
induce chemical facilities to comply with permits, and that 59.6% of those who said that the source
of the inspection matters felt that state inspections are more effective at inducing compliance.
Apparently, facilities are not actually responding to state inspections with respect to their discharges
of BOD the way the survey respondents predicted they would.  This result also conflicts with the
findings of previous researchers that states generally conduct more “vigorous” inspections than the
EPA does.84

With respect to TSS relative discharges, however, state inspections against specific facilities
seem to improve performance more effectively than EPA inspections do in terms of specific
deterrence, a result more consistent with the survey responses and at least some previous empirical
research than the result relating to BOD discharges.  One possible explanation for the different
results for the two pollutants is greater concern by EPA about BOD discharges and greater concern
among state regulators about TSS discharges, although why this should be so is not clear.  Previous
empirical studies on the specific deterrent effects of OSHA inspections have not generated a firm
conclusion as to their impact on performance of regulated firms that relates to workplace injuries.85



86  Civil judicial actions tend to be “more complex and resource-intensive than administrative
actions” and to be confined to precedent-setting cases or cases that involve serious environmental harm.  See
GAO, MORE CONSISTENCY NEEDED, supra, 2000 WL 1089220, at *18.
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When we examine the general deterrent effect of state inspections, we find that as the number
of inspections within a particular state in a given year increased, the amount of effluent discharged
actually increased.  This only reinforces the notion that state inspections are not serving as effectively
as inducements to reduce discharges relative to permitted levels as one would expect, as federal
inspections are doing, or as the survey respondents seem to predict would happen.

6.3.6.2. Effectiveness of Monetary Fines

We next examine the effectiveness of monetary fines.  Our empirical analysis of
environmental performance supports the conclusion that, with respect to specific deterrence, an
increase in the number of federally imposed administrative penalties undermines the performance
of the major point sources in the chemical industry that discharge BOD.  A larger administrative
penalty, however, has the effect of improving performance.  We find no relationship between an
increase in either the number of federally imposed administrative penalties or larger administrative
penalties and the performance of major point sources in the chemical industry discharging TSS.
With respect to BOD relative discharges, civil penalties have the opposite effect of administrative
penalties:  more civil penalties improve BOD discharge-related performance, while larger civil
penalties undermine performance.  This contrast may be the result of the lesser prevalence of civil
penalties86 in that facilities might respond more strongly to an increase in a less frequently-imposed
sanction.  As reported above, of the survey respondents that indicate that it matters whether a
monetary fine is imposed by EPA or a federal court, more respondents respond that civil court fines
are more effective at inducing individual chemical facilities to comply with permitted water
discharge limits (39.1%) than those who responded that administrative fines are more effective
(25.7%).  With respect to TSS relative discharges, we find no relationship between an increase in
either the number or size of civil penalties and performance.

6.4. Enforcement Approach: Cooperative versus Coercive

In this sub-section, we examine the issue of enforcement approach and begin our discussion
on the comparative effectiveness of various “intervention strategies” for inducing compliance and
improving environmental behavior and performance.  Two such strategies predominate in the
literature on environmental enforcement:  the coercive (or deterrence) and cooperative approaches
to environmental enforcement.  In order to examine this comparative effectiveness, our survey
gathered data on the apparent enforcement approach faced by each survey respondent.  In this sub-
section, we describe the questions and the responses to these questions.  We also attempt to identify
connections between the perceptions of regulated firms about the relative effectiveness of
government interventions for inducing compliance and the type of enforcement approach
(cooperative versus coercive).  In order to place our analysis in context, we first review previous
research studies on the topic of enforcement approach.



87  See RECHTSCHAFFEN & MARKELL, supra, at 59.
88  Timothy F. Malloy, Regulation, Compliance and the Firm, 76 Temple L. Rev. 451, 453-55 (2003).

See also David B. Spence, Can the Second Generation Learn from the First?  Understanding the Politics
of Regulatory Reform, 29 Capital U. L. Rev. 205, 207 (2001) (stating that regulatory systems based on the
deterrence model proceed on the premise, “consistent with the rational actor model of the firm, that
compliance decisions were based on an expected value calculation.  Firms would tend to comply with
environmental regulations if the expected value of doing so was positive.”).

89  See, e.g., Jonathan M. Karpoff et al., The Reputational Penalties for Environmental Violations:
Empirical Evidence, 48 J. L. & Econ. 653 (2005).

90  See RECHTSCHAFFEN & MARKELL, supra at 60-61.
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6.4.1. Enforcement Approach: Previous Research

6.4.1.1. The Theoretical Debate

A review of the legal and political science literature on environmental enforcement reveals
a debate about the relative efficacy of two different models of environmental enforcement – the
coercive (or deterrence) model and the cooperative model.  The difference between the two models
essentially boils down to an emphasis on the use of sticks (the coercive or deterrence model) or
carrots (the cooperative model).87  As indicated above in connection with the discussion of the
relative efficacy of government interventions, the coercive or deterrence model is premised on the
idea that regulated entities are rational economic actors that act to maximize profits.  According to
one recent account,

[t]wo visions of the firm dominate the compliance literature.  The first is the firm as a
rational profit-maximizer, obeying the law only when it is in the firm's best economic interest
to do so.  Thus, violations occur when the perceived benefits of noncompliance exceed the
anticipated cost of sanctions.  This view of the firm is consistent with deterrence theory,
which regulators have historically relied upon in developing their enforcement programs.
The rational profit-maximizer view typically leads to the use of traditional enforcement
techniques; namely, extensive government monitoring and inspections coupled with penalties
for observed violations.88

The deterrence model therefore postulates that decisions regarding compliance are based on
self-interest; businesses comply when the costs of noncompliance outweigh the benefits of
noncompliance.  The benefits of noncompliance with environmental regulations consist of money
saved by not purchasing pollution control equipment, training workers, abating contamination, or
taking other required measures.  The costs of noncompliance include the costs of coming into
compliance once a violation is detected, plus any penalties imposed for being found in violation,
multiplied (discounted) by the probability that the violations will be detected.  These costs can also
include damage to the business’s reputation,89 potential tort liability, legal system expenses, and
increased regulatory scrutiny.90

The deterrence model concludes that increasing the certainty and severity of penalties will
deter noncompliance.  Because regulated entities will comply with their legal obligations only when



91  Robert A. Kagan, Neil Gunningham & Dorothy Thornton, Explaining Corporate Environmental
Performance:  How Does Regulation Matter?, 37 L. & Soc'y 51, 61 (2003).  

92  As the consultant on this project, Mark Cohen, explains:

[e]conomists who study firm compliance and deterrence invariably start with the “optimal penalty”
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to both the probability of detection and the severity of punishment of being detected and convicted.
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Cohen, supra, at 10245 (citing Gary S. Becker, Crime and Punishment:  An Economic Approach, 76 J. Pol.
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all subsequent economic analyses of crime and punishment.”  Mark A. Cohen, Environmental Crime and
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93  Id. at 61.
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they are convinced that the government might detect and penalize noncompliance, “variation in
environmental performance depends on the interaction of:  (1) the stringency of official
environmental regulations; (2) the likelihood that violations will be detected (by officials and
complainants; and (3) the severity of sanctions for noncompliance, as applied.”91  The essential task
for enforcement agencies, therefore, is to make penalties high enough and the probability of detection
great enough that it becomes economically irrational for regulated entities to violate the law.92  It is
also necessary for regulated entities to perceive that there is a credible likelihood that violations will
be detected and that the government will bring enforcement action when they are detected.

Under an enforcement approach based on the deterrence model, the function of an inspection
is to detect violations and collect evidence for subsequent enforcement actions, not to provide
compliance advice to the inspected entity.  Because increasing the incidence of government
monitoring tends to be expensive, the proponents of the deterrence model “often argue that the best
way to increase the effectiveness of enforcement of environmental laws as a deterrent to
noncompliance is to increase the likelihood of conviction or the severity of the sanction”
(Vandenburgh, 2003, pg. 64-65).

An alternative model of environmental enforcement is the cooperative model.  In large part,
this model is a “reaction to the adversarial enforcement methods suggested by the deterrence
model.”93  The cooperative model emphasizes compliance, not punishment.  Accordingly, the
function of an inspection is not, as it is under the deterrence model, to accumulate evidence of
violations for subsequent enforcement actions, but to provide advice to regulated entities as a means
of facilitating compliance and as an opportunity to engage in informal bargaining to resolve
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problems.94  Under this model of enforcement, penalties act as threats, not sanctions, and are likely
to be withdrawn once compliance is achieved.  Indeed, “[l]evying penalties is seen as a mark of the
system’s failure (to otherwise obtain compliance); compliance systems rely far more on rewards and
incentives than penalties.  Enforcement is primarily prospective, oriented toward inducing conditions
that lead to conformity.”95 

A cooperation-based system of enforcement views corporations not as economic actors solely
interested in maximizing profits, but as institutions influenced by a mix of civic and societal motives.
This model postulates that corporations are generally inclined to comply with the law.  Some argue
that in the environmental area, corporations have internalized the general societal norms in favor of
environmental protection.96  In addition, due to market forces, voluntary compliance may comport
with a regulated entity’s self-interest.  Compliance may result in cost savings for regulated entities
because steps taken to assure compliance may also produce more efficient business operations by
reducing waste management costs, reducing raw material acquisition costs, lowering energy costs,
reducing insurance premiums in response to good compliance history, reducing the costs of
borrowing if lenders regard those who comply as less risky investments, and reducing the likelihood
of tort judgments or other third party liabilities.  In addition, compliance may allow a firm to market
itself as “green,” affording it competitive advantages.  Finally, a good environmental performance
record can attract capital from investors seeking to pour their money into “socially responsible”
businesses.97

If, as some have posited, businesses are generally committed to compliance with their
regulatory obligations, the imposition of sanctions in the event noncompliance occurs is not only
unnecessary, but may even be counterproductive.98  A sanction-oriented response to noncompliance
may make regulated entities resentful and less likely to cooperate with regulators in the future.99  In



is plausible on its face."); Raymond J. Burby & Robert G. Paterson, Improving Compliance with State
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addition, “there a risk that too much deterrence will have the effect of stifling other socially desirable
activities.  Unlike street crime that has no social utility, most environmental offenses are byproducts
of socially desirable production or distribution processes.  Thus, the risk of ‘overdeterrence’ is very
real in this context.”100  Devotees of the cooperative model of enforcement therefore urge that
regulated entities found to be in noncompliance be treated as “partners,” who will tend to respond
positively to suggestions and advice tendered by regulators about how to achieve compliance.101

Such a “partnership” may involve the use of flexible guidelines rather than uniform rules, an
emphasis on before-the-fact prevention of violations instead of after-the-fact sanctions for
noncompliance, the provision of compliance assistance by regulators, and a bargaining process
between regulators and regulated entities instead of an automatic resort to sanctions when
noncompliance occurs.102 

Supporters of the deterrence model have been wary of claims that the cooperative approach
is likely to engender higher levels of compliance and that deterrence-based enforcement is likely to
be counterproductive.  Rechtschaffen and Markell (2003) provide a good summary of that response:

[A]s a general proposition, there are several reasons for skepticism about the argument that
deterrence-based enforcement is counterproductive.  First, this contention rests on certain
suppositions about enforcement behavior, most notably that inspectors are rigid and
legalistic, and respond to all violations with formal sanctions. . . . [T]hese assumptions . . .
are belied by studies showing that enforcement personnel in fact eschew formal, legalistic
actions, and instead rely heavily on informal negotiations (while using traditional sanctions
as a backup) to achieve compliance.  Second, the advocates of this position presuppose that
most corporations are inclined to generally comply with law for civic or social reasons, an
assumption that is problematic. . . .  Third, the cooperative model underemphasizes the
economic pressures for noncompliance.  Coaxing and persuasion may be very productive
when firms are making good-faith efforts to comply and have ample resources to do so.  It
is far less likely to work when compliance will have significant financial consequences for
a firm.103



104  Id. at 221-25.
105  Id. at 235-37.
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evidence suggests that cooperative approaches may actually discourage cooperation if agencies permit
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(stating that “past studies hat have hailed the merits of cooperative enforcement have offered surprisingly
little by way of empirical support”).

107  See, e.g., Rechtschaffen, supra, at 1205 (arguing that “[t]he argument that cooperation works
better than deterrence to achieve compliance with environmental law is unconvincing.  Most fundamentally,
it is largely untested. . . .  [T]here is little in the way of empirical evidence that can be used in deciding which
enforcement techniques approaches based on deterrence or cooperation are most likely to achieve regulatory
goals.”).

108  Shapiro & Rabinowitz, supra at 720 (asserting that “[t]here is little empirical evidence on the
relative effectiveness of cooperative and legalistic enforcement policies” and that “[m]ost of the evidence
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Rechstchaffen and Markell (2003) also point out that, while the potential for more efficient
operation may induce some firms to comply with their regulatory obligations voluntarily, some
compliance measures will increase a firm’s expenses, cutting against its willingness to comply
without the pressures provided by enforcement action.  Moreover, even if compliance makes
business sense in the long-term, it may result in short-term financial losses that regulated firms are
unwilling to bear, given the pressure for corporate management to provide immediate returns on
shareholder investments.  In addition, the benefits of being perceived as “green” may be less
important to some firms than others; in particular, this factor may be a less significant inducement
toward compliance for firms that do not directly market consumer products.  In response to the claim
that voluntary compliance may redound to the benefit of a regulated firm in the stock market, the
skeptics have responded that many regulated firms are not publicly traded, and therefore will not be
affected by this factor.  Further, investors may not be impressed by the disclosure of a firm’s
noncompliance if they are not convinced that noncompliance will result in a strong governmental
response, which may well be the case under a cooperative regime.104 

Finally, the cooperative approach has the potential to undermine what Rechtschaffen and
Markell (2003) refer to as “the expressive function” of deterrence-based enforcement, in that
enforcement action “gives voice to the public’s desire to regulate and sanction undesirable behavior”
by conveying “a set of meanings about environmental violations that is very different from that
communicated by an overly cooperative-oriented approach, with its emphasis on negotiation and
conciliation.  The message conveyed by deterrence reaffirms for the public that environmental
statutes are important and that transgressions are something to be taken very seriously.”105 

6.4.1.2. Empirical Studies of Deterrence-Based v. Cooperative Enforcement

To date, there is little empirical evidence about the efficacy of cooperation-oriented
strategies,106 and there is even less research that directly compares deterrence and cooperative
strategies.107  Most of the evidence is anecdotal.108  One researcher has relied on the fact that rates
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pollution controls] are significantly lower in [the pulp and paper industry] in Canada [where the cooperative
approach to enforcement is followed] than the United States casts doubt on the growing consensus in favor
of cooperative enforcement”).  Harrison also concluded that, “[i]n the case of the pulp and paper industry,
the cooperative Canadian approach to enforcement has delivered disappointing results compared to the more
adversarial U.S. approach.  This study therefore casts doubt on the relatively untested assumption that
cooperative enforcement is equally if not more effective than the adversarial approach.”  Id. at 240.

110  Burby, supra, at 368.  See also id. (claiming that his study shows that EPA and the states “cannot
expect to reduce nonpoint source pollution substantially through programs that lack coercion”).

111  Both specification and performance standards typically specify a goal that a regulatory agency
defines by ascertaining the level of pollution control that it is feasible for regulated entities to achieve.  At
that point, however, the two types of standards diverge. A specification (or design) standard is one in which

the agency defines the method by which regulated entities are required to achieve the goal
– such as by installing and operating a particular kind of pollution control technology or
work practice – whereas under a performance standard, regulated entities are free to achieve
the goal any way they want.  They can use the model technology or work practice identified
by the agency as the one that makes compliance possible, or they can devise alternative
means of meeting the goal.  In theory at least, regulated entities subject to a performance
standard have an incentive to develop such alternative means if they provide a more efficient
means of achieving the regulatory goal.

Sidney A. Shapiro & Robert L. Glicksman, Goals, Instruments, and Environmental Policy Choice, 10 Duke
Envtl. L. & Pol’y F. 297, 305 (2000).  Performance standards, not specification standards are the norm under
the federal pollution control laws.  Id. at 306.

112  According to Burby and Patterson, “[w]hile deterrence of violations through monitoring and
inspections stimulates compliance with both specification and performance standards, building commitment
and capacity to obey the law through a cooperative approach to enforcement has much more impact on the
degree of compliance attained for performance standards than for specification standards.”  Burby &
Patterson, supra, at 754.  See also id. at 766 (arguing that “[d]eterrence measures provide a needed backstop
for dealing with recalcitrant firms who evade regulatory requirements for financial gain or merely through
sloth or incompetence”).
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of compliance with water pollution controls are significantly lower in the pulp and paper industry
in Canada, where the cooperative approach to enforcement is generally followed, than in the United
States to conclude that the growing consensus in favor of cooperative enforcement is misplaced.109

Another researcher concluded that “[t]he best performing state programs [for nonpoint sources of
water pollution] tend to be those that use a highly coercive approach, both with the private sector and
in securing local government adoption and enforcement of pollution control regulations.”110  Still
others have concluded that the impact of the government’s choice of enforcement strategies on
compliance with regulatory obligations depends on the kind of regulatory standard at issue and that,
in particular, the cooperative approach is better suited to inducing compliance with performance
standards than with specification111 standards.112

6.4.2. Analysis of Survey Responses for Examining Enforcement Approach



113  The predominance of state regulators reflects the fact that EPA has delegated NPDES permitting
authority to state environmental agencies in most states.  According to EPA’s website, only five states have
not received authority to administer at least some aspect of the NPDES permit program.
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6.4.2.1. Survey Responses Relating to Deterrence-Based v. Cooperative Enforcement

In light of the literature that describes the differences between coercive and cooperative
models of environmental enforcement and debates the relative merits of the two approaches, we
included a series of questions in our survey that we thought were indicative of whether a particular
respondent has a cooperative or a coercive relationship with state or federal regulatory authorities.
In one question, we asked how likely it is that the respondent’s facility would allow regulators access
to plant facilities if they arrived unannounced.  Ninety percent of those who responded to this
question said “always likely”.  This result provides some evidence that companies are willing to
cooperate with regulators performing unannounced inspections.  We find that major facilities are
marginally more likely than minor facilities to say they would allow access to regulators.

In another question, we asked whether the facility typically works with a state or federal
water regulator.  96.2% of the respondents said “state”, while only 1.2% said “federal”.113  In yet
another question, we asked whether the facility typically works with the same individual water
regulator, or whether the regulator varies with the circumstances.  56.3% said the “same”, while
41.8% said “different”.  In still another question, we asked each respondent to characterize the
manner in which the regulator with whom it typically works treats the facility and its employees.
No one said that the treatment was “always unfair or arbitrary”.  Of the respondents, 18.8% said it
was “sometimes fair, sometimes unfair” and  80.1% said it was “always fair”.  Thus, most of the
respondents appear to perceive their relationships with regulators as more cooperative than
adversarial, at least as reflected in their perceptions of the fairness of the regulatory treatment they
receive.  We find no significant difference between the responses of major and minor facilities to this
question.  We also find no significant difference in responses to this question based on whether the
principal regulator is state or federal, but only three facilities work mostly with federal regulators,
so the sample is very small.

In the most direct question on the enforcement approach, we asked how the respondents
would characterize the manner in which the water regulator they typically work with treats the
facility and its employees.  The choices were “generally coercive” or “generally cooperative”
(although a few respondents stated that they “did not know”).  Only 2.7% said the relationship was
“generally coercive”, while 96.2% said it was “generally cooperative”.  Thus, nearly all of the
respondents think they have a cooperative relationship with their principal regulator.

In another attempt to get at whether relationships between regulators and regulated entities
are coercive or cooperative, we asked whether, over the past three years, anyone in the facility
requested the supervisor of the facility’s water regulator to help with a difference of opinion between
the facility and the regulator.  Our thinking was that a positive answer would reflect friction between
the regulator and the facility, which would tend to indicate a non-cooperative relationship.  79.5%
answered that their facility had not sought help from the supervisor of the regulator.  18.3% said the



114  In retrospect, this question probably would have been more useful if we had asked about contacts
with elected or appointed government officials because most regulators charged with enforcing the CWA
are appointed officials, at least at the federal level.

115  See Kuehn, supra, at 2387.
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facility had sought help, indicating that for at least a sizeable chunk of the facilities, there was some
period of non-cooperation, or at least difference of opinion.  We again find no significant difference
between the responses of major and minor facilities to this question.

Similarly, we asked whether, over the past three years, anyone at the facility asked a local,
state, or federal elected official to help the facility with a difference of opinion between the facility
and a water regulator.114  More than 94% said that no one had.  Only 4.6% said that the facility had
made such a request.  Once again, we find no significant difference between the responses of major
and minor facilities to this question.  Of those who said they had contacted an elected official, 23.5%
said the elected official contacted by the facility was most often a local official; 41.2% said it was
a state official; and only 5.9% said it was a federal official.  Thus, contact with the federal
government was limited here, just as it was when we asked whether facilities worked most frequently
with federal or state regulators.

[In addition to the questions that relate specifically to enforcement approach, in the survey,
we also asked questions inquiring about the respondents’ attitudes toward government regulation.
Arguably, the responses to these questions may also reveal something about the nature of the
relationship between regulators and regulated firms.  We asked whether each respondent, on the
whole, thought it should or should not be the government’s responsibility to impose strict laws to
make industry do less damage to the environment.  56.7% said it definitely should be, while 35.2%
said it probably should be.  Only a total of 6.1% said it probably should not be or definitely should
not be.  It is not unusual to portray corporate officials as resenting the intrusion of government
officials into their business affairs, particularly when the officials are seeking to force the business
to undertake activities that have the potential to reduce corporate profitability.  Thus, the distribution
of responses may seem surprising.  The results here might be due to the fact that most of those
answering the survey were environmental managers, who are perhaps likely to feel that their jobs are
important, so that compliance with environmental regulations is important, too.

We also asked whether the respondents agreed or disagreed with the statement that
“Companies will behave responsibly when it concerns environmental protection, regardless of
government regulation.”  11.5% strongly agreed, 28.7% agreed, 9.6% neither agreed nor disagreed,
37.5% disagreed, and 11.1% strongly disagreed.  Thus, a total of 48.6% disagreed to some extent
with the idea that industry would behave responsibly in the absence of government regulation.  Only
40.2% agreed.  Together with the answers to the question about government responsibility to
regulate, these responses seem to indicate agreement among many of the respondents that
government regulation of activities that create risks of environmental harm is not only legitimate but
necessary.  That result is consistent with other polling results, in which half of corporate
environmental managers agreed that federal enforcement is inadequate, and that more effective
enforcement is necessary to insure equal treatment for all regulated entities.115  It is also possible to
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read the results of these two questions as an expression of fairly solid recognition among the industry
respondents of the utility of a coercive enforcement presence, in the absence of which dischargers
might have decreased incentives to comply with regulatory obligations.  On the other hand, those
who concluded that the government does have legitimate environmental protection responsibilities,
and that companies will not behave responsibly in the absence of government regulation, might be
more willing to cooperate with regulators than those who think government regulation is illegitimate
and unnecessary.  Alternatively, the respondents may have believed that a government enforcement
presence is legitimate and necessary in the abstract, but still react in a hostile and non-cooperative
manner when their own plants become the focus of enforcement action.]

6.4.2.2. Correlations between Survey Responses relating to Enforcement Approach and
Perceptions on the Effectiveness of Government Interventions

In addition to assessing the responses to the questions relating to the nature of the relationship
between regulated entities and regulators, we analyze whether there are any correlations between
enforcement approach-related responses and the respondents’ assessments of whether particular
types of government interventions are effective ways for inducing individual chemical facilities to
comply with effluent limits.  First, we find that those respondents who indicate that they had asked
the supervisor of their water regulator to help with a difference of opinion between the facility and
the water regulator in the past three years had different responses to questions regarding the
effectiveness of certain government interventions than those who had not sought the assistance of
supervisors.  Respondents who indicate that it makes a difference whether inspections are performed
by the state or EPA are more likely (0.25) to say that federal inspections are more effective if they
had asked a supervisor to help with a difference of opinion.  Those who sought supervisory
assistance are more likely (0.23) to indicate that it makes a difference whether federal monetary fines
are issued in court or in administrative proceedings.  Those who sought supervisory assistance are
not more likely, however, to indicate that EPA administrative fines are more effective or that federal
civil court fines are more effective.  Those respondents who sought supervisory assistance are less
likely (0.44) to agree that the imposition of federal injunctive relief is an effective way for inducing
compliance.  Second, we find no correlation between any particular perception of the effectiveness
of various government interventions and the response to the question asking whether the respondent
characterizes its relationship with the water regulator at its facility as coercive or cooperative.  Third,
we find no significant correlations involving any of the other indicators of a cooperative relationship.

[In addition, we assess the correlations between managerial perspectives on environmental
protection and perceptions on the effectiveness of government interventions.  We find, for example,
that those respondents who agreed that it should be the government’s responsibility to impose strict
laws to protect the environment are more likely to indicate that government inspections are an
effective way for inducing individual chemical facilities to comply with permit limits.  Also, those
who most strongly disagreed with the notion that companies will behave responsibly concerning
environmental protection regardless of government regulation are more likely to indicate that
government inspections are an effective way for inducing compliance.  Finally, those who most
strongly disagreed with the statement that companies will behave responsibly regardless of
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government regulation are more likely to agree that the imposition of monetary fines is an effective
inducement toward compliance.  These three correlations support the conclusion that those who feel
that a strong government enforcement presence is necessary to effectuate compliance with
environmental legal responsibilities perceive inspections and monetary fines as effective means of
accomplishing that result.  We find no significant correlations, however, between either of these two
characterization questions and the following likelihoods: [1] the likelihood that a respondent finds
state inspections more effective than federal inspections (or vice versa), [2] the likelihood that a
respondent finds state monetary fines more effective than federal monetary fines (or vice versa), and
[3] the likelihood that a respondent would find either administrative or civil monetary fines to be the
more effective form of government intervention.]

6.4.2.3.  Summary: Enforcement Approach based on Survey Responses

In summary, our analysis of the survey questions that bear on the perceptions of the survey
respondents about the nature of their relationship with the regulators responsible for supervising their
compliance with CWA regulatory obligations indicates that the vast majority of the respondents
perceive of their relationships with regulators as more cooperative than adversarial (or coercive).
In addition, our analysis indicates that most of the point sources in the chemical industry are willing
to cooperate with regulators performing unannounced inspections.  [In addition, the respondents in
our survey largely agree that government regulation of activities that create risks of environmental
harm is legitimate and necessary, a position that may be regarded as a recognition among the
respondents of the utility of a coercive enforcement presence, in the absence of which dischargers
might have decreased incentives to comply.]

6.5. Analysis of Environmental Behavior

We explore separately the various types of environmental behavior, such as ISO 14001
authentification, extent of auditing, and provision of compliance-related employee training.  For
types of behavior that involve dichotomous choices, we employ logit regression analysis.  For types
of behavior that involve polychotomous choices, we employ ordered logit regression analysis.  For
types of behavior measured as a raw count or percent, we employ ordinary least squares regression
analysis.

Explanations of corporate environmental behavior can perhaps be summarized simply by the
proposition that environmental behavior is shaped largely by benefit-cost analysis of corporate and
facility operations.  Firms assess the relative costs and benefits of violating regulations, which
include lower production costs, government imposed fines, poor community relations, bad press, and
subsequent lack of demand for product, among others, in conjunction with the potential costs and
benefits of complying, or even over-complying with environmental regulations, including higher
operational and product costs, but better community relations, and perhaps a higher demand for
products.  If the relative costs of compliance are greater than the relative benefits, firms should be
deterred from engaging in poor environmental behavior.  Thus, we believe that corporate
environmental behavior should be a function of the following explanatory factors: (1) the



116  We also consider other community characteristics, such as median age and median income, but
later dropped them from our analysis.

128

characteristics of the facility, such as its size, (2) the characteristics of the firm owning the facility,
such as ownership structure, (3) the facility’s relationship with its regulator(s), (4) characteristics of
the survey respondent representing the facility, such as her belief in the need for government
regulation, (5) community characteristics, such as levels of political participation and political
leanings, and (6) inspection-related and sanction-related specific and general deterrence.

To capture the influence of facility characteristics, we include controls for the number of
facility employees, the year the facility received its NPDES permit, the facility’s volume of
wastewater output.  To capture the influence of firm characteristics, we include the firm’s ownership
structure.  We also control for the facility’s relationship with its regulator(s). Although some suggest
that government regulators could achieve higher levels of compliance if they form cooperative
relationships with facilities, others suggest that regulators must make the threat of penalties clear and
probable in order for firms to comply with regulations, as described in sub-section 6.4.  To control
for the characteristics of each respondent, we include measures of age, education level, political
ideology, and their beliefs on environmental protection.  We account for the potential influence of
the community by including measures of the percent of the population in poverty, the percentage of
the population that is white, the percent of the population with college degrees, percent of the vote
for the Republican presidential candidate in 2000, the percent of homes occupied by owners, turnout
in the 2000 presidential election, and the percentage of earnings in the local economy that come from
the chemical industry.116

We examine various forms of environmental behavior.  Table 27 lists the forms of
environmental behavior.  First, we estimate the stringency of the facility’s wastewater monitoring
program.  As shown in Table 29, our results suggests that several factors increase the stringency of
monitoring.  In particular, facilities owned by publicly-held firms, facilities with more employees,
and facilities that have a cooperative relationship with their regulator are more likely to use stringent
monitoring techniques.  Characteristics of the community seem to matter little in terms of facility
performance.  Most interestingly, we find that a cooperative relationship with regulators may
encourage more stringent monitoring.  However, it could also be that facilities that have more
stringent monitoring tend to have more cooperative relationships with their regulators.

Second, we examine a facility’s decision to seek assistance from its regulator to reduce
wastewater pollution discharge.  As a measure of behavior, those facilities that sought additional
assistance could be argued to be doing relatively more to reduce pollution.  We estimate the decision
to seek additional assistance.  Table 30 displays the results of this estimation.  Our results suggest
that facilities located in communities that had supported Bush in 2000 were less likely to seek
assistance, but facilities that had encountered disputes with their regulators were more likely to seek
assistance, perhaps because they wanted to avoid further disputes.

We also estimate the stringency of environmental self-audits.  Table 31 reports the estimation
results.  And we estimate the level of importance that management places on the role of general plant
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employees in reducing non-compliance.  Table 32 reports the estimation results.  In addition, we
estimate the level of importance that management places on the role of general plant employees in
reducing pollution.  Table 33 reports the estimation results.  A full reporting on our estimation of
other forms of environmental behavior is available upon request.

The results from our analysis of environmental behavior suggest that community
characteristics have little direct influence.  Yet, based on some analysis, more Republican
communities contain facilities that do less to ensure compliance; also, in some cases, greater
community involvement, as measured by voter turnout, improves environmental behavior.  However,
these effects are inconsistent.  The most consistent predictors of environmental behavior are the type
of facility and the size of the facility.  Facilities owned by publicly-held firms and larger facilities,
especially majors, are more likely to take greater steps to improve their behavior.  The key
respondent characteristic that appears statistically significant in our estimation results is the
respondent’s belief that government regulations are not necessary for ensuring protection of the
environment.  Respondents who hold this perspective are less likely to take steps to strengthen their
EMS systems or train their employees.  Lastly, neither inspection- nor sanction-related deterrence
has a measurable influence on most forms of environmental behavior.

6.6. Analysis of Environmental Performance of Surveyed Facilities

In Section 5 above, our report examines the environmental performance by all major
chemical manufacturing facilities in the NPDES system between 1995 and 2001.  In sub-section 6.5
above, our report examines the environmental behavior of all facilities who responded to our survey
of all chemical manufacturing facilities in the NPDES system as of September, 2001.  In this section
of our report, we examine the environmental performance of those facilities who responded to our
survey.

In the process, we re-examine environmental performance using the survey-gathered data and
a richer set of explanatory variables.  First, we explore the influence of environmental behavior on
performance, which satisfies Objective 5.  Second, we re-examine the effectiveness of government
interventions.  Based on the regression results, we identify the direct and indirect effects of
government interventions: (1) direct effect on performance and (2) indirect effect on performance
via the direct effect on behavior.  Third, we re-examine the influence of general deterrence.  As with
the specific deterrence associated with government interventions, we also identify the direct and
indirect effects of general deterrence stemming from government interventions. Fourth, we explore
the influence of enforcement approach or regulator-entity relationship on environmental
performance, which satisfies Objective 2D.  Fifth, we re-examine the influence of facility and firm
characteristics using new production- and environmental-related factors gathered from our survey.
However, we are not able to re-examine the interactions between these characteristics and deterrence
measures given the large number of interactions involved and relatively limited sample size.  Thus,
we are not able to satisfy Objective 4B any further using the survey data.  Sixth, we expand our
analysis of community pressure by including managerial perspectives on community pressure, which
partially satisfies Objective 6B.  Seventh, we re-examine the influence of financial status for the



117  While certainly small, this sample size is not much smaller than the sample used by Anton et al.
(2004), who use 313 observations from a two-year panel, with only 146 firms being represented twice in the
two-year panel.

118  For our analysis of all survey respondents, we test for sample selection bias using the Heckman
two-stage sample selection technique (Heckman, 1979).  This testing reveals a bias only in one dimension:
major facilities were more likely to respond to our survey than minors. Since the analysis of environmental
performance by survey respondents applies only to major facilities, we do not correct for any potential
sample selection bias.  This lack of correction is consistent with Anton et al. (2004, pg. 10).
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smaller sub-set of survey respondents who are owned by publicly-held firms.  Lastly, we re-examine
the influence of state fines for the smaller sub-set of survey respondents located in the noted four
states: West Virginia, New Jersey, Louisiana, and Texas.

For this section of our final report, we primarily focus on the effect of environmental
behavior on the environmental performance of our survey respondents.  Other issues considered in
this section are addressed in other sections above; thus, the treatment of these other issues generally
represents a re-examination.  The one whole exception involves the effect of the regulator-entity
relationship on environmental performance.  As a partial exception, this section of our report re-
examines the effect of community pressure on environmental performance; however, this section
examines the effect of perceived community pressure, rather than the effect of community pressure
proxies based on community characteristics, on environmental performance.

Given this focus on the effect of environmental behavior on environmental performance, we
draw upon previous studies that also examine this effect.  We primarily draw upon Anton et al.
(2004).  The other studies are much less useful for our purposes: King and Lenox (2000), Dasgupta
et al. (2000), King et al. (2004), and Johnstone et al. (2005).

6.6.1. Data and Sample of Survey Respondents with Data on Environmental Performance

In order to re-examine environmental performance, we first describe the sample used for our
analysis.  Our survey did not attempt to gather data on environmental performance.  Instead, the
Permit Compliance System (PCS) database remains our exclusive source of data on environmental
performance.  As noted above, the PCS database contains data on environmental performance for
all facilities; instead, this database contains data on environmental performance for major facilities
almost exclusively.  Our survey database contains information for 268 facilities, which includes both
major and minor NPDES facilities.  Of these 268 facilities, the PCS database contains data on
environmental performance for 93 facilities.117  All of these 93 facilities are major NPDES
facilities.118

For our analysis of environmental performance by survey respondents, we construct the
broadest measure of performance, while retaining a notion of compliance.  Similar to our
construction of relative discharges for BOD separately, TSS separately, and BOD and TSS jointly,
we generate a ratio between the level of absolute discharges and effluent limit level for each data
point stored in the PCS database.  Then we aggregate these data points to the facility-level for any



119  In a very small percent of the cases, some facilities actually face 0 limits for a highly limited set
of pollutants.  Our analysis must omit these cases since we are not able to calculate a ratio between absolute
discharges and the effluent limit.  On a related point, we do not tabulate the number of survey respondents
for whom the PCS database provides information on absolute discharges yet these absolute discharges are
not constrained by an effluent limit.  This tabulation is available upon request.

120  Given this small percent of cases without data on absolute discharges, which represents only 5
cases, the implementation of a Heckman sample selection procedure seems unwarranted and difficult.
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given combination of year and month.  For our analysis of environmental performance by survey
respondents, we do not limit this construction to only BOD and/or TSS.  Instead, we consider each
and every regulated pollutant.

Based on this construction, our sample of survey respondents with data on environmental
performance is only limited by the existence of an effluent limit and reported absolute discharges.119

In reality, only the existence of an effluent limit truly limits our sample since the absence of reported
absolute discharges applies to 0.45 % of the monthly data points when an effluent limit exists.  Once
aggregated to a basis to match the survey-gathered data, this trivial number of missing data points
on absolute discharges essentially disappears.120

As noted, the PCS database provides data on environmental performance.  It also provides
data on effluent limits, flow rates, and standard industrial classification (SIC), which we use for our
analysis of environmental performance by survey respondents.  Our survey provides data on
environmental behavior, facility characteristics, firm characteristics, perceived community pressure,
and the enforcement approach taken by the water regulator (or the relationship between the facility
and its water-related regulator).

6.6.2. Effect of Behavior on Performance

6.6.2.1. Measures of Environmental Behavior and Behavioral Index

To examine the effect of environmental behavior on performance (Objective 5), we first
describe the additional manipulation of our data on various individual measures of behavior.  In our
survey, we gather information on 20 separate measures of environmental behavior.  Table 34 lists
all 20 measures.  This table also provides the number of observations with non-missing data, along
with the sample means and medians.

Our analysis of environmental behavior is not able to accommodate the inclusion of 20
separate measures of environmental behavior.  Alternatively, our analysis could utilize only a subset
of the 20 individual measures.  To support this possible approach, one might claim that these 20
measures are not truly capturing 20 distinctively unique aspects of environmental behavior.
However, pairwise correlations of these 20 environmental behavioral measures seem to reject this
claim.  Surprisingly little correlation exists between the pairs of these measures.   Only 12.5 % of
the 190 pairwise correlations equal or exceed 0.25.  And only 1.1 % equal or exceed 0.50.  As a
matter of fact, 33 % of the 190 pairwise correlations are actually negative (though none of these



121  A tabulation of the 190 pairwise correlations is available upon request.
122  As an alternative approach, we scale each of the dichotomous behavioral indicators using the

mid-point value of 0.5.  This alternative approach generates less significant results.  As important, this
alternative scaling approach for dichotomous indicators is less comparable to the scaling of continuous and
ordered rank measures since this alternative approach fails to consider the prevalence of the particular type
of behavior in the sample.
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negative correlations are statistically significant).121  This evidence of pairwise correlations seems
to indicate that our separate behavioral measures individually provide new information on behavior.
Thus, we choose not to limit the set of considered behavioral measures.

Rather than including all of the noted 20 behavioral measure or including only a limited set
of these behavioral measures, our analysis combines all 20 measures into an index of behavior.  This
approach is consistent with one of the few previous studies to examine the effect of behavior on
environmental performance: Anton et al. (2004). [Khanna and Anton (2002) also use this approach
but do not examine the effect of behavior on performance.]

Various protocols are available for creating an index.  We choose a protocol that seeks to
combine various dimensions of behavior in a comparable fashion, while retaining as much variation
as possible.  For this protocol, we divide the set of individual behavioral measures into three
categories: (1) continuous measure of behavior, (2) ordered rank of behavior, and (3) dichotomous
indicator of behavior.  Table 34 categorizes each of the 20 listed measures.  As indicated in Table
34,  the annual number of self audits represents an example of a continuous behavioral measure.  The
stringency of a facility’s monitoring program represents an example of an ordered rank measure of
behavior.  As shown in Table 34, this measure takes one of four values: 1=no monitoring,
2=treatment process monitoring only, 3=single point sewer monitoring plus treatment process
monitoring, and 4=single point sewer monitoring plus treatment process monitoring.  Unlike
continuous measures, the values of ordered rank measures provide only ordinal information.  ISO
140001 compliance represents an example of a dichotomous indicator.  This measure is dichotomous
since it indicates either the presence or absence of ISO 140001 compliance.

Obviously, continuous measures of behavior provide the most variation across survey
respondents.  We wish to retain this variation, while transforming each behavior measure in the full
set of measures into comparable terms so that we may collapse them into a single index.  For this
purpose, we scale each of the continuous measures by its sample median value; in other words, we
divide each measure by its ample median value.  We purposively do not use the sample mean value
since it is sensitive to outliers.  Consistent with this argument, we wish to retain the variation
contained in ordered rank measures of behavior.  Even though the ordered rank values do not provide
cardinal information, we tap into the ordinal information provided.  Similar to the continuous
measures, we scale each of the ordered rank measures by its sample median value.  Lastly, for
comparability with the continuous and ordered rank measures, we scale each of the dichotomous
behavioral indicators by its sample mean value.  We purposively do not use the sample median value
since it takes either a value of zero, which means our analysis cannot scale the relevant measure
since it would involve division by zero, or a value of one, which implies no scaling at all.122



123  If each facility provided non-missing data for each of the 20 behavioral measures, we would not
need to divide by the number of non-missing behavioral measures since the average and sum would be
proportional by a factor of 20.
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After scaling each of the individual behavioral measures, we sum the scaled individual
measures, while dividing by the number of measures.  However, we must accommodate the presence
of missing values for certain measures for particular facilities.  Rather than ignoring facilities that
do not provide non-missing data for each of the 20 behavioral measures, we accept slightly less than
complete reporting.  Specifically, we retain a facility in our sample if the facility provides non-
missing data for at least 80 % of the 20 behavioral measures.  Of the 93 facilities, this criterion
excludes only 2 facilities.  Of the 91 remaining facilities, 34 possess less than complete non-missing
values for all 20 behavioral measures.  Table 35 provides a full tabulation on the number of non-
missing behavioral measures.

Since not all of the retained facilities provide complete reporting on the 20 behavioral
measures, after summing across the scaled individual measures, we divide by the number of
measures with non-missing data.  We classify this ratio as the raw index.  By dividing each sum by
the number of non-missing behavioral measures, the raw index represents the average scaled value
for the 20 measures.  Thus, each measure has the same influence on the index.123

Lastly, we identify the median value of the raw index and then scale each raw index by the
median value.  Consequently, the scaled index has a median value of 100.  This scaling simplifies
the interpretation of our analytical results.

We choose not to utilize the protocol of Khanna et al. (2004), who create an index by
capturing each dimension of environmental behavior with a (0,1) indicator and then summing these
indicators.  In our opinion, this approach unnecessarily disregards variation in most of our individual
behavioral measures.  Thus, this approach loses much distinction within each behavioral measure.
Moreover, the choice of the dividing line to establish the presence or absence of a behavioral
dimension is potentially problematic since it may be purely arbitrary.  For example, what number
of annual self audits is sufficiently high to warrant the presence of behavior?  Lastly, it seems
unreasonable to give certain facilities no credit for making an effort to improve their environmental
performance simply because the magnitude of their effort falls below some potentially arbitrary
threshold.

The scaled index incorporates 20 different measures of behavior.  We gather data on these
20 measures using three different time frames.  Table 34 categorizes each of the listed behavioral
measures.  In the most straightforward time frame, we specifically instruct survey respondents to
provide annual data over the three-year period of 1999 to 2001.  In the second time frame, we
specifically instruct survey respondents to provide an average level over the three-year period
preceding the survey’s completion.  This three-year window varies across the survey respondents
since respondents completed the survey in different months.  The first facility responded in February
of 2002 and the last facility responded in April of 2003.  Thus, the earliest three-year period runs
between February, 1999, and January, 2002, and the latest three-year period runs between April,



124  No concern over the endogeneity of environmental performance exists due to the recursive nature
of the SEM system.

134

2000, and March, 2003.  In the third time frame, we provide no explicit time reference, while
implicit assuming a “current status” reference.  While we never ask for the length of this “current
status” time frame, given the nature of the particular behaviors being reported, we assume that
“current status” applies to the 12-month period preceding the survey’s completion.  The earliest 12-
month period runs between February, 2001, and January, 2002, and the latest 12-month period runs
between April, 2002, and March, 2003.  In order to combine all 20 behavioral measures into a single
index, we must select a particular year from the first time frame type: annual data for 1999, 2000,
and 2001.  The obvious choice from this set is 2001.  This selection proves problematic only for the
“current status” behavior as reported by those respondents who completed the survey after January,
2003.  This concern does not represent a problem if we assume that the data from 2001 for annually-
reported behavior serves a reasonable proxy for annually-reported behavior in 2002.

6.6.2.2. Exogeneity of Behavior for Explaining Environmental Performance

To examine the effect of the created behavioral index on environmental performance, we
construct a recursive simultaneous equations model (SEM) framework for explaining environmental
behavior and environmental performance.  This framework is recursive in that current behavior
affects current environmental performance, yet current performance does not affect current behavior.
Formally, let Y1 represent environmental behavior and let Y2 represent environmental performance.
Moreover, let X1 represent the exogenous factors affecting only environmental behavior and let X2

represent the exogenous factors affecting only environmental performance.  Also, let W represent
the exogenous factors affecting both behavior and performance.  Given this notation, the recursive
SEM system takes this structure:

Y1 = f(X1,W) + ,1, and (4)
Y1 = f(X2,W,Y1) + ,2, (5)

where ,1 and ,2 represent the additive error terms associated with behavior and performance,
respectively.  Given this structure, we must now consider the recursive nature between behavior and
performance.  In this framework, one is able to estimate the two equations separately and use the
actual value of Y1 as a regressor in equation (5) without any accommodation as long as the two error
terms, ,1 and ,2, are not correlated (Greene, 1997).  Put differently, one is able to estimate the two
equations separately as long as environmental behavior represents an exogenous regressor in the
equation (4), i.e., environmental behavior is exogenous with respect to environmental
performance.124  To assess this exogeneity, we utilize a Hausman test for exogeneity, as described
by Wooldridge (2002) and applied by Anton et al. (2004).  If the test results indicate that the null
hypothesis of exogeneity is rejected, then our analysis must accommodate the endogeneity of
environmental behavior.  As another way of expressing this endogeneity, the unobserved variables,
as reflected in the error terms of the behavior and performance equations (,1 and ,2), are correlated.
This correlation stems from the likelihood that an unobserved variable (or variables) influences both
the level of the behavioral index and the level of environmental performance.  If the null hypothesis
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of exogeneity is rejected, the instrumental variables approach of two-stage least squares (2SLS)
estimation represents the primary means for treating this endogeneity.  This 2SLS approach estimates
the two-equation SEM system jointly.  Moreover, this approach uses a set of instruments, which
represent a set of variables that is correlated with the behavioral index yet uncorrelated with the error
terms associated with environmental performance, ,2 (Anton et al., 2004).

When implementing the Hausman text for exogeneity, we follow the procedure described in
Wooldridge (2002, pg. 119).  Accordingly, we estimate environmental behavior as a function of all
the exogenous factors contained in the SEM system, retain the residuals, and include the retained
residuals as an additional explanatory variable in the estimation of environmental performance.
Using a standard t-test, we assess the significance of the coefficient associated with the residuals
variable.  The t-test statistic and p-value associated with this test is reported at the bottom of Tables
37 and 38.

Our implementation of the Hausman test for exogeneity generates results that demonstrate
that we cannot reject the null hypothesis of exogeneity for environmental behavior with respect to
environmental performance.  This conclusion is highly robust to the specification used to estimate
environmental performance and the regressor set used to explain environmental performance (and
environmental behavior).  Thus, we report the results of our equation-by-equation analysis of the
recursive SEM two-equation system without any further accommodation.

Even though we do not need to implement a 2SLS estimation procedure.  For the purposes
of robustness, we invoke this procedure.  In this implementation, we use the two regressors vectors
of X1 and W as the full set of instruments, as described by Wooldridge (2002).  While the effect of
environmental behavior on environmental performance proves insignificant in this 2SLS estimation,
the sign of this effect is the same as and the magnitude of this effect is highly comparable to the
effects reported.  (Estimation results from the 2SLS procedure are available upon request.)

6.6.2.3. Estimation of Environmental Behavior

We begin our estimation of the recursive SEM two-equation system by estimating
environmental behavior.  In preceding sections of our report, we estimate separately each of the
individual behavioral measures for all survey respondents.  Thus, this section represents a re-
examination of environmental behavior.  We re-examine environmental behavior for various reasons.
First and foremost, we re-estimate environmental behavior in order to examine the indirect effect of
government interventions on performance via the direct effect of government interventions on
environmental behavior.  Our analysis cannot draw upon the results reported above as these results
apply to individual behavioral measures.  The results reported above do not apply  to the scaled index
of behavior.  Second, it would seem best to re-examine the effect of government interventions on
the environmental behavior expended by facilities for whom the EPA provides data on
environmental performance, which are major facilities.  This second reason need not be critical
unless major facilities respond differently to government interventions than do minor facilities.
Third, our analysis must estimate behavior as part of the Hausman test for exogeneity.



125  This approach does not cleanly separate facilities’ decisions over environmental behavior that
are reported over a three-year period and government intervention decisions.  However, this concern is only
relevant if one believes that environmental behavior helps to explain government decisions to intervene.
Arguably, we claim that government intervention decisions depend exclusively on environmental
performance rather than both environmental performance and environmental behavior.  On the other side of
this interaction, it is certainly  reasonable to believe that interventions in the year of 2000 influence behavior
that transpires over a three-year period when the earliest three-year period runs between February, 1999, and
January, 2002, and the latest three-year period runs between April, 2000, and March, 2003.  Even if this
argument is not convincing, any alternative choice is more problematic.  The use of other years from the
annually-reported behavior set generates a wider gap from the “current status” behavior.  And any deeper
lagging of the government interventions weakens the specific deterrence effect.  Fortunately, the exclusion
of the three-year-window-based behavioral measures from the behavioral index does not alter the primary
conclusions reported.

126  We explore alternative protocols for matching the timing of government interventions and our
scaled index of behavior.  These alternative protocols generate identical conclusions.

136

For reporting purposes, we focus here on the direct effect of government interventions on
environmental behavior in order to identify the indirect effect of government interventions on
environmental performance via behavior.  Although not articulated in our project description, we
also examine the indirect effect of general deterrence on environmental performance via behavior.

In order to examine the effects of government interventions (“specific deterrence”) and
general deterrence on environmental behavior, our analysis must identify the proper time frame for
capturing specific deterrence and general deterrence.  The data on government interventions are
recorded on a daily basis.  In contrast, the scaled behavioral index is recorded only once for each
survey respondent.  In order to combine all of the individual behavioral measures into the single
index, as noted above, we must select a particular year from the set of annual behavioral data for the
years of 1999, 2000, and 2001.  We select the obvious choice of 2001.  Consistent with this choice,
we identify the preceding 12-month period prior to 2001, i.e., the year of 2000, as our time frame for
summarizing government interventions to capture specific deterrence.125  As reported above, our
measures of general deterrence are constructed on an annual basis.  Nevertheless, we must select a
particular time frame.  We use general deterrence measures for the year of 2001 for consistency.126

6.6.2.4. Instrumental Variables for Hausman Test and Two-Stage Least Squares Estimation

In order to implement the Hausman test for exogeneity and the two-stage least squares
estimation, our analysis must identify explanatory factors that affect behavior but not performance.
Without these particular factors, we are unable to utilize the instrumental variables aspect of the
Hausman test and the 2SLS estimation routine.  Consistent with the approach taken by Anton et al.
(2004), our analysis considers strongly the timing of the explanatory factors’ effects in order to
identify useful instrumental variables.  The distinction relies heavily upon the understanding that
current conditions affect current environmental performance, while current conditions need not affect
current environmental behavior.  Instead, past conditions most likely affect current environmental
behavior (Anton et al., 2004, pg. 10).  Thus, while performance depends on current conditions
(which must be true), behavior depends on lagged conditions, assuming that people need time to



127  We select the year of 2001 as the time frame for connecting the behavioral index to performance.
The lagged values used to explain environmental behavior are drawn from the year of 2000.  This choice fits
nicely with annually-reported and “current status” behavioral measures.  This choice may appear problematic
for the behavioral measures reported for the three-year period preceding the survey’s completion since
earliest three-year period runs between February, 1999, and January, 2002, and the latest three-year period
runs between April, 2000, and March, 2003.  However, the use of the noted lagged values as instrumental
variables is fully appropriate since the lagged values from 2000 should help to explain the behavioral
decisions made over the broad three-year period and most certainly do not affect environmental performance
in the year of 2001.
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implement their decisions and that they draw upon the conditions in place when they are making
their decisions rather than anticipating the conditions that may be in place at the time of
implementation.  Based on this logic, we identify the lagged values of certain factors as the
instrumental variables needed for estimation.  Specifically, we use lagged values for a facility’s flow
capacity proxy, overall effluent limit, and number of facility-level employees.  Above, we elaborate
on the creation of the flow capacity proxy; below, we elaborate on the creation of the overall effluent
limit. [For other possible factors, we either lack data on lagged values, e.g., number of firm-level
employees, or the factors do not vary over the sample period sufficiently, e.g., industrial sector;
Anton et al. (2004) face similar issues.]127

As an aside, outside of this timing distinction, it is very difficult to identify instrumental
variables since every factor that influences a facility to modify its behavior in ways that we measure
may also prompt a facility to modify its behavior in ways that we do not measure. To illustrate,
imagine that behavior represents the only non-random element driving performance.  This conjecture
seems reasonable if behavior comprehensively captures all of a facility’s efforts to control
discharges.  If we are able to measure all behavior and behavior represents the only non-random
element driving performance, then no direct effects of any other non-random element exists.  Only
if we are not able to measure all dimensions of behavior will this situation generate direct effects.
In this likely case, identical factors will explain both behavior and performance.

This point notwithstanding, we identify one non-lagged factor – regulator-entity relationship
– as an instrumental variables based on the analysis of the determinants explaining environmental
behavior and environmental performance.  This approach is also consistent with Anton et al. (2004,
pg. 9).

The Hausman test results are reported at the bottom of Tables 37 and 38.

6.6.2.5. Estimation of Performance: Focus on Effect of Scaled Behavioral Index

In this sub-section, we describe the estimation of environmental performance, with a focus
on the effect of the scaled behavioral index on performance.  First, we describe better the creation
of the dependent variable capturing environmental performance.  We generate a measure of
environmental performance based on all of the pollutants regulated within a given facility’s NPDES
permit.  Our analysis is able to compare across any type of pollutant by considering each level of



128  As an alternative approach, we assume that the annual data reported for 2001serves as a sufficient
proxy for the relevant behavior in 2002 for the survey respondents whose “current status” starts after
December, 2001.  In this alternative approach, the time frame chosen for summarizing the monthly data on
environmental performance corresponds with the “current status” period for each individual respondent.
This alternative approach generates similar results to those reported.
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absolute discharge in relationship to the associated effluent limit level, i.e., relative discharges.  This
approach is completely consistent with the creation of relative discharges for BOD and TSS.
However, in this case, our analysis does not restrict the sample to only a single pollutant.  Instead,
our analysis considers all pollutants.  Similar to the creation of relative discharges for BOD and TSS,
the analysis summarizes the data on relative discharges to a monthly format for each facility.

Unlike the creation of relative discharges for BOD and TSS, our analysis is more concerned
about outliers and the sensitivity of the summation to the presence of multiple data points for a single
pollutant.  First, to assess the concern over outliers, we summarize the data on relative discharges
separately based on the relevant mean and the relevant median for a given year and month and
particular facility.  We choose to use the median as our summary statistic since it is less sensitive to
outliers.  Fortunately, the analytical results should not be sensitive to this choice since the two
summary statistics are highly correlated.  Second, to assess the sensitivity of the summation to the
presence of multiple data points for a single pollutant, we summarize the data in two forms.  In the
first form, we calculate the mean and median values without a distinction given to the pollutant type.
In the second form, we first calculate the mean and median values for each pollutant type and then
summarize across the pollutant-specific means and medians.  Thus, this second form grants each
pollutant only one data point in the final summation.  For simplicity, we choose to use the first
summary form even though the analysis should not be sensitive to this choice since the two summary
forms are highly correlated.

Finally, in order to connect behavior and performance, our analysis must identify the proper
time frame for capturing environmental performance.  The data on environmental performance are
recorded on a monthly basis.  In contrast, the scaled behavioral index is recorded only once for each
survey respondent.  In order to combine all of the individual behavioral measures into the single
index, as noted above, we must select a particular year from the set of annual behavioral data for the
years of 1999, 2000, and 2001.  We select the obvious choice of 2001.  Consistent with this choice,
we identify the year of 2001 as our time frame for summarizing environmental performance.128  We
summarize the monthly data into an annual format using two summary statistics: mean and median.
We choose to use the median as our summary statistic since it is less sensitive to outliers.
Fortunately, the analytical results should not be sensitive to this choice since the two summary
statistics are highly correlated.

Next we estimate environmental performance as a function of numerous explanatory factors.
Environmental behavior represents the primary explanatory factor.  In addition to this primary factor,
the regressor set used to estimate environmental performance includes other factors on which we
focus for the purposes of this report.



129  Use of an alternative formulation that utilizes only “great” to indicate the presence of substantial
economic impact generates comparable analytical results.

130  This variable takes a value 0 if neither technology is present, a value of 0.5 if only one treatment
is present, and a value of 1 if both are present.

131  The analysis of environmental performance by all major chemical manufacturing facilities in the
NPDES system considers additional facility characteristics not included here, for example, the type of
effluent limit and an indicator of a modification to an NPDES permit.  Given the smaller sample size for the
survey respondents and the limited variation of these factors in the larger sample size of all major facilities,
we choose to ignore these less important factors.
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First, we include both specific deterrence and general deterrence measures for state
inspections, federal inspections, and federal administrative penalties.  We not able to include a
specific deterrence measure for federal civil penalties because none of the facilities in our sample
received a federal civil penalty during the 12-month period preceding the year of 2001.  We are not
able to include a general deterrence measure for federal civil penalties because all of the facilities
in our sample are located in EPA regions that imposed no federal civil penalties during the year of
2001.  For the penalty-based deterrence measures, we separately use two forms for measuring
penalties: (1) count of penalties, and (2) dollar value of penalties.  In other words, we estimate
performance twice: once with the count of penalties and once with the dollar value of penalties.

Second, we include a measure of the regulator-entity relationship or enforcement approach,
data on which we gather in our survey.

Third, we include a measure of perceived community pressure, which is gathered in our
survey.

Fourth, we include a measure of the perceived local economic importance of the individual
facility.  This measure helps to control for any tempering of community pressure based on a facility’s
importance in a community.  Presumably, a local community is less likely to pressure a facility for
better performance if that facility plays a greater economic role in the community; i.e., fewer
residents are willing to ruffle the feathers of the goose who lays the golden eggs.  The indicator of
substantial economic impact takes a value of one if the facility’s economic impact is “significant”
or “great” (versus “very little” or “small”).129

Fifth, we include two firm characteristics: (1) firm ownership structure: publicly-held
corporation indicator [with all ownership forms as the omitted category], and (2) number of firm-
level employees.  (As noted above, the COMPUSTAT / Research Insight data provides data on firm-
level ownership structure.)

Sixth, we include various facility characteristics: (1) presence of a BOD treatment technology
and/or TSS treatment technology,130 (2) two sectoral indicators: organic chemical indicator and
inorganic chemical indicator [with “other chemicals” as the omitted category], (3) age of the facility,
(4) number of facility-level employees, (5) overall effluent limit, and (6) proxy for flow capacity.131
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The last two facility characteristics demand elaboration.  First, we construct an overall
effluent limit that applies to all of the regulated pollutants contained within the overall environmental
performance measure.  The overall effluent limit and environmental performance measure are
derived from the very same sample since an observation does not enter into the overall
environmental performance measure unless it contains a positive effluent limit.  It would be
unproductive to construct an overall effluent limit by summarizing  the absolute levels of the
pollutant-specific effluent limits.  Instead, our analysis scales each of the reported pollutant-specific
absolute effluent limit levels separately by the pollutant-specific mean or median limit found in the
sample of all pollutant-specific effluent limits imposed on all chemical manufacturing facilities
existing in the PCS database during the period 1998 to 2003; this time frame represents the broadest
sample period used for our study connecting environmental behavior to environmental performance.
In other words, our analysis divides or “scales” each pollutant-specific absolute effluent limit by the
pollutant-specific mean or median value to generate a “scaled effluent limit”.  Each mean and
median level is separately calculated for concentration-based discharges and quantity-based
discharges.  Moreover, prior to this scaling, we convert all measurement units into a single
comparable unit for each pollutant, again differentiating first by the form of measurement:
concentration versus quantity.  For example, for concentration-based effluent limits, we convert both
milligrams per liter and micrograms per liter to grams per liter before identifying the mean or median
value and before scaling by the mean or median value.  Next, we average the concentration-
pollutant-specific scaled limit and the quantity-pollutant-specific scaled limit to identify the
pollutant-specific scaled limit.  Finally, we summarize across all of the pollutants by identifying the
mean or median value of the multiple pollutant-specific scaled limits.

These data are summarized to a monthly format for each facility, consistent with the monthly
environmental performance data.  For the estimation of environmental performance, we summarize
the scaled effluent limits within the year of 2001; for the estimation of environmental behavior, we
summarize the scaled effluent limits within the year of 2000, i.e., lagged overall (scaled) effluent
limit.  In all cases, we choose to use the median value, rather than the mean value, when
summarizing since  it is less sensitive to outliers.  Fortunately, the analytical results should not be
sensitive to these choices since the two summary statistics – median and mean – are highly correlated
in both instances.

Second, we elaborate on the creation of the flow capacity proxy.  We construct a proxy for
flow capacity based on monthly data for flow rates.  The construction of this factor is described
above.  For the current purposes, we must additionally summarize the factor within a time period
consistent with each of the two dependent variables: environmental performance and environmental
behavior.  For the estimation of environmental performance, we summarize the flow capacity proxy
within the year of 2001; for the estimation of environmental behavior, we summarize the scaled
effluent limits within the year of 2000, i.e., lagged flow capacity proxy.  In both cases, we choose
to use the median value, rather than the mean value, when summarizing since the median is less
sensitive to outliers.  Fortunately, the analytical results should not be sensitive to these choices since
the two summary statistics – median and mean – are highly correlated in both instances.



132  We do not consider a log-linear specification since some of the financially-related regressors used
for further analysis appropriately take negative values.  Given this choice, we do not estimated environmental
behavior using a semilog specification in order to maintain consistency between the two equations for the
purposes of identifying the indirect effects of specific and general deterrence.

133  In order to implement the semilog specification, our analysis must address the fact that the level
of relative discharges equals zero for some facilities.  In other words, some facilities controlled their
discharges so much that these facilities eliminated their discharges.  This concern applies to only 7 of the 93
facilities in our sample.  Since the log function is not defined for zero values, we replace the zero value with
an appropriate proxy value: the midpoint between zero and the lowest positive environmental performance
level reported in our sample.

134  As we limit the number of regressors, the sample size grows because fewer factors with missing
data are restricting the sample size.  In other words, we do not constrain the sample size as we alter the
regressor set.  Given our desire to assess robustness, this constraint seems ill-advised.

135  We also note that our conclusion is partially robust to the construction of the scaled behavioral
index.  For the semilog specification, our conclusion is robust to the following modifications: (1) exclusion
of the managerial importance placed on the identification and prevention of discharges into a sewer system
[which need not apply to our analysis of discharges to surface water], (2) the replacement of the presence
of a treatment upgrade designed to limit wastewater discharges with the presence of any treatment upgrade
[which may capture environmental behavior more broadly], (3) the replacement of per employee
expenditures on external wastewater consultants with absolute expenditures on external wastewater
consultants [which may more accurately capture the impact of these expenditures], and (4) the exclusion of
all behaviors measured over the three-year period preceding the survey’s completion [which may not fit
cleanly with the chosen construction of government interventions and lagged facility characteristics].
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When estimating environmental performance as a function of the described explanatory
factors, we consider two specifications: linear and semilog.132  For the semilog specification, the
analysis first transforms the measure of environmental performance by taking logs of it; in other
words, logged relative discharges serves as the dependent variable.133  While both specifications are
legitimate, the semilog specification is less sensitive to outliers than is the linear specification
(Earnhart, 2004).

Regardless of the specification, our results strongly indicate that better environmental
behavior leads to better environmental performance, i.e., lower relative discharges, as shown in
Tables 37 and 38.  Thus, our conclusion is robust to the specification type.  Our conclusion is also
robust to the regressor set.  As a robustness check, we also estimate environmental performance
using a slightly trimmed regressor set that excludes some of the regressors found insignificant based
on the estimation using the full set of regressors, while retaining insignificant explanatory factors
important for this report, e.g., deterrence.  We also estimate environmental performance using a fully
streamlined regressor set that consists of only the statistically significant factors and factors capturing
inspection- and penaltly-related deterrence.  We always retain the deterrence measures since their
analysis represents one of the primary purposes of our entire research project.  In Tables 37 and 38,
we report the estimation results using the full set of regressors and the fully streamlined set.134

In sum, our conclusion regarding the effect of environmental behavior on environmental
performance is robust to the specification and the regressor set.  Moreover, the actual magnitude of
the effect is robust across the regressor sets within each specification.135



However, the conclusion drawn from the semilog specification is not robust to our treatment of dichotomous
indicator measures of behavior.  If we scale these indicators using a mid-point value of 0.5, the results of our
semilog estimation do not support the reported conclusion.
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6.6.3. Re-Examination of the Effects of Government Interventions: Specific Deterrence

Next, we re-examine the effects of government interventions – specific deterrence – on
environmental performance.  Consider first the separate effects of state inspections and federal
inspections.  As shown in Tables 37 and 38, neither form of inspection-related specific deterrence
significantly affects environmental performance.  Consider second the effect of federal
administrative penalty-related specific deterrence.  (As noted above, we are not able to examine the
effect of civil penalties.)  We consider penalty-based specific deterrence in two forms: count of
penalties and dollar value of penalties.  Our conclusion is robust to the chosen form: the specific
deterrence from federal administrative penalties does not significantly affect environmental
performance.  Tables 37 and 38 display only the form of penalty counts.  All of these conclusions
are robust to the period chosen to construct specific deterrence; our analysis considers both a 12-
month period and 24-month period preceding the timing of performance.  This lack of significance
runs contrary to the significance found for BOD-related, TSS-related, and violation count-related
environmental performance based on the sample of all major chemical manufacturing facilities.  The
much smaller sample size is most likely the cause of this absence of significance.

6.6.4. Indirect Effects of Government Interventions

While government interventions do not directly influence environmental performance at least
based on the sample of survey respondents, government interventions indirectly influence
environmental performance via their direct effect on environmental behavior.  As shown in Table
36, state inspection-related specific deterrence significantly affects environmental behavior.  Since
environmental behavior significantly affects environmental performance, these two effects in
combination serve as a conduit for government interventions indirectly influencing performance.
More state inspections significantly lower environmental behavior, while greater environmental
behavior improves environmental performance; thus, more state inspections indirectly undermine
environmental performance.  Specifically, a one-unit increase in state inspections causes
environmental behavior to drop by 11 % relative to the median behavioral index value.  Based on
the linear specification, this same one-unit increase translates indirectly into a 0.0056 increase in
relative discharges, given that a one-unit increase in the behavioral index leads to a decrease of
0.0005 in the relative discharges level.  For comparison, the mean level of relative discharges equals
0.13.  Based on the semilog specification, the one-unit increase in state inspections indirectly
translates into a 12.5 % increase in relative discharges, given that a one-unit increase in the
behavioral index leads to a 1.5 % reduction in relative discharges.

It is not obvious why state inspections lower environmental behavior.  Perhaps, state
inspections prompt facilities to focus on other types of management tools not capture in our survey,
thus, forcing facilities to re-allocate their resources away from the types of management tools
captured in our survey.  Given the comprehensiveness of our survey, it is not obvious what these
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other types of management would be.  Of course, these other types of management may be focused
more on end-of-pipe treatment technologies which our survey does not as comprehensively capture.

In contrast to state inspections, neither federal inspections nor federal administrative penalties
affect environmental behavior.  Thus, neither of these government interventions indirectly influences
environmental performance.

6.6.5. Re-examine Effects of General Deterrence

Next, we re-examine the effects of general deterrence on environmental performance.
Consider first the separate effects of state inspections and federal inspections.  As shown in Tables
37 and 38, neither form of inspection-related general deterrence significantly affects environmental
performance.  Consider second the effect of federal administrative penalty-related general deterrence.
(As noted above, we are not able to examine the effect of civil penalties.)  We consider penalty-based
general deterrence in two forms: count of penalties and dollar value of penalties.  Our conclusion is
robust to the chosen form: the general deterrence from federal administrative penalties does not
significantly affect environmental performance.  Tables 37 and 38 display only the form of penalty
counts.  This lack of significance runs contrary to the significance found for BOD-related, TSS-
related, and violation count-related environmental performance based on the sample of all major
chemical manufacturing facilities.  Again, the much smaller sample size is most likely the cause of
this absence of significance.

While general deterrence does not directly influence environmental performance (at least
based on the sample of survey respondents), general deterrence indirectly influences environmental
performance via its direct effects on environmental behavior.  As shown in Table 36, state
inspection-related general deterrence significantly improves environmental behavior ($=25.31),
while federal inspection-related general deterrence significantly undermines environmental behavior
($=-309.35).  Since better environmental behavior significantly improves environmental
performance,  greater state inspection-related general deterrence indirectly improves environmental
performance, while greater federal inspection-related general deterrence indirectly undermines
environmental performance.  Specifically, based on the linear specification, a one-unit increase in
state inspection-related general deterrence (measured in inspections per facility) indirectly leads to
a 0.0126 absolute reduction in relative discharges, given that a one-unit increase in the behavioral
index leads to a decrease of 0.0005 in the relative discharges level.  In contrast, a one-unit increase
in federal inspection-related general deterrence indirectly leads to a 0.154 absolute increase in
relative discharges.  Again, for comparison, the mean level of relative discharges equals 0.13.  Based
on the semilog specification, a one-unit increase in state inspection-related general deterrence
indirectly leads to a 7.75 % reduction in relative discharges, while a one-unit increase in federal
inspection-related general deterrence indirectly leads to a 340 % increase in relative discharges,
given that a one-unit increase in the behavioral index leads to a 1.5 % reduction in relative
discharges.  The magnitude of the latter indirect effect may be excessively large since a one-unit
increase in federal inspection-related general deterrence is more than 20 times greater than the
average value of 0.0488 for this regressor.



136  No survey respondents with environmental performance data select the value of “always unfair”.
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The state inspection result is difficult to explain given the opposite indirect effect from state
inspection-related specific deterrence.  Perhaps, an increased threat of a generic state inspection
prompts facilities to improve their environmental management systems, while the specific aspects
of a particular visit by a state inspector causes facilities to shift their resources towards other
pollution control efforts. The federal inspection result is also difficult to explain since it runs
contrary to the effect of state inspection-related general deterrence.  Perhaps, an increased threat of
a federal inspection prompts facilities to re-allocate their efforts towards traditional pollution control
efforts, contrary to the threat of state inspections, because federal inspectors are more inclined to
expect traditional pollution control efforts.  Alternatively, state inspectors expect aspects of an
environmental management system captured by our survey, while federal inspectors expect aspects
not captured by our survey.

In contrast to inspections, the general deterrence from federal administrative penalties does
not affect environmental behavior.  Thus, this type of general deterrence does not indirectly influence
environmental performance.

6.6.6. Enforcement Approach

This report more closely examines the influence of enforcement approach on performance,
which represents Objective 2D of our research project.  Our survey gathers information on the
enforcement approach or regulator-entity relationship using various questions.  We do not include
all of these measures simultaneously in our estimation even though the separate measures appear to
provide distinctively different information based on pairwise correlations, which are not greater than
0.39.  Moreover, we do not include all of the various measures within a single index.  Instead, we
utilize one measure at a time.  In other words, we run various regressions: one for each individual
measure of the regulator-entity relationship.  We rank the usefulness of the regulator-entity measures
in the following order:

(1) overall relationship: “cooperative” (versus “coercive”),
(2) fairness of treatment: “always fair” (versus “sometimes unfair”),136

(3) no circumvention of the relationship within the regulatory system by requesting
assistance from the supervisor of the facility’s water regulator (versus request for this
assistance),

(4) no circumvention of the relationship outside the regulatory system by requesting
assistance from an elected official (versus request for this assistance),

(5) degree of repeated interaction with a single person: same individual (versus multiple
individuals),

(6) willingness to permit regulators unannounced access to plant facilities (versus no
willingness), and

(7) type of regulator primarily dealing with the facility: state (versus federal).

In each case, the (0,1) factor indicates the presence of a cooperative relationship.  Regardless of the



137  This result does not follow from a positive correlation between a facility’s age and its years of
experience in the NPDES system.  Perhaps, more experienced facilities generate better environmental
performance.  Inclusion of a factor measuring years of experience in the NPDES system does not disrupt the
significance of the age effect.  We choose not to retain this additional factor for our reported analysis since
several facilities did not remember the year that they entered the NPDES system.
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regulator-entity relationship indicator used for the analysis, the enforcement approach does not
significantly influence environmental performance, i.e., the conclusion is robust to the chosen
indicator.  In Tables 37 and 38, we report only the top-ranked indicator of overall relationship –
“cooperative” (versus “coercive”).  The reported conclusion is also robust to the general econometric
specification – linear versus semilog – and the regressor set, as demonstrated in Tables 37 and 38.

In contrast to the influence on environmental performance, the enforcement approach does
significantly affect environmental behavior when captured by the scaled behavioral index.  As shown
in Table 36, the presence of a cooperative relationship improves environmental behavior with a
coefficient magnitude of 110.91.  This magnitude indicates a very substantial influence: relative to
a coercive relationship, the presence of a cooperative relationship increases the behavioral index by
111 % relative to the median value of 100.  Based on this effect of environmental behavior, we are
able to calculate the indirect effect of the enforcement approach on environmental performance via
its influence on environmental behavior.  For the linear specification, the indirect effect represents
a 0.055 absolute reduction in relative discharges; for the semilog specification, the indirect effect
represents a 122 % reduction in relative discharges.

Since the enforcement approach influences environmental behavior but not environmental
performance, for the purposes of the Hausman test of exogeneity and implementation of the two-
stage least squares (2SLS) estimation procedure, we use enforcement approach as an instrumental
variable in one of the three formulations.  The three formulations are distinguished by the regressor
sets used to estimate the two dependent variables.

6.6.7. Facility and Firm Characteristics

This sub-section of our report re-examines the influence of facility and firm characteristics
on environmental performance.  Based on the linear specification results, the presence of a treatment
technology improves environmental performance and inorganic chemical facilities emit higher
relative discharges than do other chemical facilities.  Based on the results of both the linear and
semilog specifications, older facilities generate better environmental performance.  This perhaps
surprising, yet quite robust, result follows even though the analysis controls for the overall effluent
limit faced by facilities.  Thus, this surprising result does not stem from the possibility that older
facilities face higher (less stringent) limits.137

6.6.8. Community Pressure

This report also more closely examines the influence of community pressure on performance,
which represents Objective 2D of our research project.  This examination actually represents a re-
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examination.  In this section of our report, we examine the influence of community pressure as
measured by facilities’ subjective understanding of this pressure.  This use of subjective measures
of community pressure stands in contrast to the use of community characteristics as proxies for
objective measures of community pressure.  Thus, this re-examination of the influence of community
pressure on environmental performance uses an entirely new set of community pressure measures.
We do not re-examine the influence of community characteristics on environmental performance.
Instead, we focus exclusively on the arguably better focused measures of perceived community
pressure.

  Our survey gathers information on perceived community pressure using various questions.
We do not include all of these measures simultaneously in our estimation even though the separate
measures appear to provide distinctively different information based on pairwise correlations, which
are not greater than 0.33.  Moreover, we do not include all of the various measures within a single
index.  Instead, we utilize one measure at a time.  In other words, we run various regressions: one
for each individual measure of the perceived community pressure.  We rank the usefulness of the
perceived community pressure measures and assess them in the following order:

(1a) perceived facility’s need to respond to local community concerns: “quite a bit” or “great
deal” (versus “little” or “some”),

(1b) perceived facility’s need to respond to local community concerns: “great deal” (versus
“little”, “some”, or “quite a bit”),

(2) perceived environmental concern of the community (index of 1 to 10), and
(3) perceived community assessment of the facility (index of 1 to 10).

In the first two cases, the (0,1) factor indicates the presence of substantial community pressure.  In
the third and fourth cases, higher values indicate greater community pressure.

Based on the use of the perceived facility’s need to respond to local community concerns,
regardless of its construction, we conclude that greater community pressure significantly improves
environmental performance, as shown in Table 37.  This conclusion is not robust to the general
econometric specification.  It follows only from the linear specification, not the semilog
specification.  For the linear specification, this conclusion is robust to the chosen regressor set.
Lastly, for the linear specification, the conclusion is not robust to the chosen measure of community
pressure.  While the use of both formulations of the perceived facility’s need to respond to local
community concerns support the conclusion, neither the use of “perceived environmental concern
of the community” nor the use of “perceived community assessment of the facility” supports the
reported conclusion.  Despite this lack of robustness in the linear specification, we report only the
regression results based on the top-ranked community pressure measure.

As part of our analysis of community pressure, we also examine the influence of a facility’s
economic impact on its local community, which may represent a counterbalance to community
pressure.  Our analysis reveals that this factor does not influence environmental performance, as
shown in Tables 37 and 38.  These results indicate that the factor of local economic impact does not
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appear to undermine a community’s pressure on a facility’s environmental performance.  This
conclusion is robust to the general specification – linear versus semilog – and regressor set.

6.6.9. Survey Respondents with Environmental Performance data
who are owned by Publicly-Held Firms

This section of our report also re-examines the effect of financial status on environmental
performance, in this case for survey respondents.  Of the 93 survey respondents possessing data on
environmental performance, 66 facilities are owned by publicly-held firms.  We must limit our
analysis to these 66 facilities since financial data for privately-held firms are not available.  As noted
above, data for publicly-held firms are available from the COMPUSTAT / Research Insight database.
Of the 66 facilities owned by publicly-held firms, we possess financial status data for 60 facilities.
As noted in Section # 5.3.1 above, when seeking to identify the effect of financial status on
environmental performance, our study examines two dimensions of financial status.  The primary
dimension concerns overall financial performance, as captured by various measures, e.g., rate of
return on assets (i.e., ratio of net income to total assets).  The secondary dimension concerns
financial resources available for investment in better environmental management, as captured by
various measures, e.g., liquid assets to total assets ratio.  This secondary concern speaks to solvency
and/or liquidity.

For the primary dimension of overall financial performance, we consider the following rates
of return: return on assets (ROA), return on investment (ROI) [i.e., ratio of net income to
investment], return on sales (ROS) [i.e., ratio of net income to sales], and return on equity (ROE)
[i.e., ratio of net income to equity].  For the secondary dimension of available financial resources,
we consider various measures: (1) liquid assets to total assets ratio; (2) liquid assets to sales ratio,
(3) current ratio, which represents the ratio between current assets and current liabilities; (4) quick
ratio, which represents the ratio between the sum of cash and its equivalents and current liabilities,
(5) net cash flow from operating activities divided separately by three measures of firm size: sales,
total assets, and a firm’s total number of employees, and (6) net cash flow from all activities divided
separately by three measures of firm size: sales, total assets, and a firm’s total number of employees.
The current ratio relates most strongly to solvency.  The ratios involving liquid assets and net cash
flow relate most strongly to liquidity.  The quick ratio relates to both solvency and liquidity.

As noted in Section # 5.3.1, we lag both dimensions of financial status relative to
environmental performance by one year in order to avoid any concern over simultaneous
determination of these two outcomes.

Based on our sample of 60 facilities owned by publicly-held firms, we re-estimate
environmental performance as a function of explanatory variables including financial status
variables.  In each estimation, we include one measure of overall financial performance and one
measure of financial resource availability.  (We do not attempt to include one measure of solvency
and one measure of liquidity in the same estimation; perhaps, future analysis can explore this type
of estimation.)  We estimate both a linear specification and a semilog specification.  Our results
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demonstrate that overall financial performance positively affects relative discharges, as shown in
Table 39; in other words, stronger overall financial performance in the preceding year actually
undermines environmental performance in the current year.  Our results also reveal that financial
resource availability does not significantly affect environmental performance, as shown in Table 39.

Our conclusion regarding overall financial performance is reasonably robust.  First, this
conclusion is partially robust to the chosen rate of return.  Use of both the return on assets (ROA)
and the return on investment (ROI) support this conclusion; however, the use of return on sales
(ROS) and return on equity (ROE) does not support this conclusion.  Second, this conclusion is
robust to the econometric specification.  As shown in Table 39, the estimated effect of overall
financial performance is positive in both the linear specification and the semilog specification.
Third, this conclusion is fully robust to the chosen regressor set for the semilog specification and
mostly robust to the chosen regressor set for the linear specification.  In order to retain the
significance of the estimated overall financial performance effect in the linear specification, the
chosen regressor set must not extend beyond much the set of significant regressors and the full set
of deterrence measures.  In contrast to this aforementioned robustness, the conclusion is not robust
to the choice of measure for capturing financial resource availability.  As a matter of fact, the
conclusion only follows for the liquid assets-related measures.  While the effect of financial resource
availability is insignificant regardless of the chosen measure, the use of measures other than liquid
assets-related measures causes the effect of overall financial performance to lose its significance.
While we consider many measures of financial resource availability, perhaps liquid assets represent
the best measure of immediate access to financial resources available for investment into better
environmental management techniques.  Moreover, these results indicate that controlling for
solvency, as opposed to liquidity, undermines our ability to capture the effect of overall financial
performance on environmental performance.

Our conclusion regarding financial resource availability is fully robust.  First, this conclusion
is completely robust to the chosen measure for capturing financial resource availability and the
chosen measure for capturing overall financial.  Second, the conclusion is robust to the chosen
econometric specification.  As shown in Table 39, the estimated effect of financial resource
availability is insignificant in both the linear specification and the semilog specification.  Third, this
conclusion is fully robust to the chosen regressor set for the linear specification and the semilog
specification.

6.6.10. Survey Respondents with Environmental Performance data located in Four States for
Analysis of State Fine-based Deterrence

This section of our report also re-examines the effect of state fines on environmental
performance, in this case for survey respondents.  Of the 93 survey respondents possessing data on
environmental performance, 35 facilities are located in New Jersey, West Virginia, Louisiana, or
Texas, the four states chosen for our analysis of the effects of state fines on environmental
performance and behavior.  As noted above, data on state fines are available from the four states’
environmental protection agencies.



138  In addition, we consider two other minor dimensions.  First, we consider three formulations of
state fine-related general deterrence.  The first formulation considers only major chemical facilities, the
second formulation considers only NPDES facilities, and third formulation considers all water-regulated
facilities.  Second, we consider the dollar value of state fines in two forms: assessed dollar value and
collected dollar value.  Our conclusions are fully robust to both of these dimensions.

139  A facility may incorrectly estimate the likelihood and/or size of potential penalties.  Then the
imposed penalty may compel the facility to modify its calculations.  Of course, the imposition of a specific
penalty may raise or lower deterrence depending on whether the penalty size and/or likelihood is bigger or
smaller than initially expected.  In equilibrium, the costs of incorrect estimation would prompt each facility
to estimate correctly penalty size and likelihood.
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To re-examine this effect, we re-estimate environmental performance using the noted sample
of survey respondents located in the four aforementioned states.  In particular, we estimate
environmental performance as a function of a set of explanatory variables that now includes state
fine-related factors.  We estimate this function using two specifications: linear and semilog.  We
consider the state and federal fines in two forms: count of fines and dollar value of fines.138  Our
analysis generates the following two conclusions.  First, no deterrence-related factor significantly
affects environmental performance, regardless of the source of the underlying intervention (state or
federal), regardless of the intervention type (penalty or inspection), regardless of the type of
deterrence (specific or general).  Second, no statistically significant difference exists between the
effect of a state fine on environmental performance and the effect of a federal fine on environmental
performance.  This conclusion applies to both specific deterrence and general deterrence.  Both of
these conclusions are robust to the following variations: (1) specification: linear versus semilog, (2)
regressor set, especially the inclusion or exclusion of inspection-related deterrence factors, and (3)
form used to measure penalties: count of penalties versus dollar value of penalties.

Given the complete absence of statistical significance reported here, we choose not to report
any of the estimation results or the tests comparing the effects of state fines and federal fines based
on the sample of survey respondents.  Instead, we prefer to focus the reader’s attention on the
estimation and test results reported above in Section # 5.7 for all major chemical facilities located
in the aforementioned four states.

6.7. Analysis of Stated Behavioral Choices
to Examine Specific Deterrence and General Deterrence

6.7.1. Introduction

As Objective 3 of our research project, we use the theoretical understanding of general
deterrence to construct and test a notion of specific deterrence.  General deterrence is based on two
components of penalty (or fine) imposition: likelihood and size.  Seen through the lens of general
deterrence, a facility should respond to a specific penalty because it indicates an increase in one or
both components of general deterrence: (1) increased subsequent penalty likelihood due to greater
monitoring scrutiny and/or (2) increased subsequent penalty size (i.e., recidivist facilities receive
higher subsequent penalties).  From this perspective, the initial penalty should not affect facility
behavior absent any increase in future monitoring scrutiny or penalty size.139  It would be difficult



150

to test these theoretical hypotheses using actual behavior.  We could not accurately measure the
beliefs of penalized facilities regarding penalty likelihood and size and could not identify the
independent effect of initial penalty since its components are strongly correlated with the subsequent
penalty components.  Instead, we analyze stated behavior generated from hypothetical scenarios
presented within a survey venue.  By appropriately varying the levels of initial and subsequent
penalty size and likelihood, we determine the absolute and relative degree of responsiveness to each
deterrence component — likelihood and size — and test the hypothesis of initial penalty neutrality.
Since most facilities never or only infrequently receive penalties, use of these hypothetical scenarios
expands the generalizability of our results.

To achieve Objective 3, in our survey, we posed hypothetical scenarios to which respondents
needed to state their behavioral responses.  These scenarios test the theoretical hypothesis associated
with specific deterrence and explore the differential effects of fines.  We structured the hypothetical
scenarios to mimic actual situations in which facilities may respond to enforcement-based
deterrence.  In this scenarios, we based the scenario parameters on believable yet understandable
“round” numbers.  (Contrary to our project description, we did not base the scenario parameters on
recorded EPA enforcement data.)

In our survey, we constructed three scenarios.  Each scenario involves an initial penalty,
described by its likelihood of imposition and size, and a subsequent penalty, described in the same
way.  To test the neutrality of the initial penalty, we presented one scenario with no increase in the
subsequent penalty likelihood or size relative to the initial penalty after the imposition of the initial
penalty.  According to the presented theory, respondents should have indicated no willingness to
increase their effort in response to the imposition of the initial penalty.

The latter two scenarios presented an increase in general deterrence by increasing one of the
subsequent penalty components —likelihood or size — relative to the initial penalty component –
likelihood or size – after the imposition of the initial penalty.  In the first of the latter two scenarios,
where only the subsequent penalty size increases after the imposition of the initial penalty, the actual
level of the subsequent penalty size is randomly assigned across the survey respondents.  In the
second of the latter two scenarios, where only the subsequent penalty likelihood increases after the
imposition of the initial penalty, the actual level of the subsequent penalty likelihood is randomly
assigned across the survey respondents.  By varying the randomly assigned level for penalty
likelihood and for penalty size separately in two different scenarios, we are able to estimate
separately facilities’ responsiveness to each penalty component.  (This approach differs from the
proposed approach in which the survey would present a pair of scenarios for each change in penalty
component; the first scenario of each pair would have presented a smaller increase in deterrence,
while the second scenario would have presented a larger increase in deterrence.)  Presented with each
scenario, the respondent needed to indicate whether or not the facility would increase its effort to
restrict discharges by improving maintenance in response to the initial penalty while anticipating the
subsequent penalty.  By combining the two scenarios along with the first scenario, we determine
which component(s) of deterrence — likelihood and size — are relevant for prompting
environmental behavioral responses and which component is more important if the components
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differ in their importance.

We chose not to use our scenarios to complement our analysis of different sanction types by
modifying the hypothetical scenarios to vary the sanction composition.  In our project description,
we proposed to vary the sanction composition in the following ways: administrative fine versus civil
fine, monetary sanction (i.e., fine) versus non-monetary sanction, and federal fine versus state fine.
Rather than varying the sanction composition, we chose to focus exclusively on fines without any
reference to the source of the fine.  Given the length of the scenarios without any variation and given
the length of the overall survey, we determined that variation by sanction type would be too taxing
on the survey respondents.  Rather than complicating the hypothetical scenarios, we chose to
strengthen the survey questions asking for managerial perspectives on specific deterrence and the
relative effectiveness of various sanction types.

6.7.2. Construction of Hypothetical Scenarios and Respondents’ Choices

We next describe the hypothetical scenarios in detail, while tabulating the respondents’
choices.  The survey first introduced the segment posing the hypothetical scenarios.  We told the
respondents that their facility would be discharging wastewater over a two-year period in each
scenario.  Then we informed the respondents that we would be asking them to choose one course of
action from a set of two available options after each year of any given scenario.  To focus the
respondents’ thoughts, we next told them that the available options would not vary between years
or across scenarios.  Finally, we clearly stated that the “choices should reflect how you [the
respondennt] believe that your facility would respond to the circumstances described in each
scenario” and that “there are no right or wrong choices”.

Then we provided the following information that applied to all of the scenarios:

“Suppose that your facility has the option to improve the maintenance of its
wastewater treatment process.  On an annual basis, this improved maintenance costs
$ 10,000 net of any side benefits, such as extending the life of the treatment
technology.  In each scenario, the choice of whether or not to improve maintenance
affects the likelihood of your facility exceeding its permitted discharge limit, which
prompts the imposition of a single monetary fine.  Assume that this imposition
generates no additional costs, such as exposure to third-party liability, adverse
publicity, or disqualification as a government contractor.”

Then we posed the first scenario:

“Consider the first year of a two-year period.  Without improved maintenance, the
chance of exceeding the permitted discharge limit and receiving a monetary fine
equals 10 %.  With improved maintenance, there is a 1 % chance of exceeding the
permitted discharge limit and receiving a monetary fine.  Since no system is fool-
proof, better maintenance reduces but does not eliminate the risk of non-compliance.
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140  Alternatively, the high proportion of “yes” responses may be indicating a strong desire to “do the
right thing”.
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The monetary fine is a one-time fine of $10,000.  Improved maintenance costs $
10,000 per year.”

After posing the first year of the first scenario, we asked the following behavioral question:

“Based on this information, would your facility choose to improve maintenance in Year 1?”

Of the 268 respondents, 245 answered this question.  Of these 245, 87 % replied yes, while 13 %
replied no, as shown in Table 40.  This high proportion of “yes” responses seems to indicate a strong
degree of risk aversion.  The expected fine for non-compliance equals $ 1,000 if maintenance is not
improved and equals $ 100 if maintenance is improved, representing an expected gain of $ 900 by
improving maintenance.  In contrast, improved maintenance costs $ 10,000.140

After the respondent stated his/her choice, the survey imposed a fine on the respondent,
however, the text of the survey depended on the respondent’s choice.  If the respondent chose to
improve maintenance in Year 1, the survey imposed a fine with the following text:

“Your facility has chosen to improve its maintenance in Year 1.  Nevertheless, due
to uncontrollable factors, your facility’s discharge exceeds its permitted discharge
limit and your facility receives a single one-time monetary fine of $ 10,000 at the end
of Year 1.”

If the respondent chose not to improve in Year 1, the survey imposed a fine with the following text:

“Your facility has chosen not to improve its maintenance in Year 1.  Due to
controllable and uncontrollable factors, your facility’s discharge exceeds its permitted
discharge limit and your facility receives a single one-time monetary fine of $ 10,000
at the end of Year 1.”

Thus, regardless of the respondent’s choice for Year 1, we imposed a fine of $ 10,000 at the end of
Year 1.  Put differently, the survey “treated” each respondent to a dose of specific deterrence at the
end of Year 1.

To measure the effect of this specific deterrence, the survey next moved to the second year
of Scenario 1 with the following text:

“Now consider the second year of the two year period.  Without improved
maintenance, the chance of exceeding the permitted discharge limit and receiving a
monetary fine still equals 10 %.  With improved maintenance, the chance of
exceeding the permitted discharge limit and receiving a monetary fine still equals 1
%.  The single one-time monetary fine still equals $10,000, which is the same as year
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1.  Improved maintenance costs $ 10,000 per year.”

As shown above, this text highlights the lack of change in the fine size and fine likelihoods.  After
posing the second year of the first scenario, we asked the following behavioral question:

“Based on this information, would your facility choose to improve maintenance in Year 2?”

Of the 268 respondents, 247 answered this question.  Of these 247, 92 % replied yes, while 8 %
replied no, as shown in Table 40.

The survey posed next the second scenario, which represents an extension of the first
scenario, as we clearly told the respondents, with the following text:

“The second scenario is an extension of the first.  At the end of Year 1, your facility
received a fine of $ 10,000.  In this second scenario, the monetary fine in Year 2 is
greater at a level of $ X.  In Year 2, without improved maintenance, the chance of
receiving a fine is still 10 percent and with improved maintenance, the chance of
receiving a monetary fine is still 1 percent.  Improved maintenance costs $ 10,000 per
year.”

Across the survey respondents, the subsequent monetary fine size, X, was randomly assigned from
this set of values: $ 20,000; $ 40,000; $ 100,000; $ 200,000.  The chosen random assignment of the
subsequent monetary fine size generated the following distribution of values:

$   20,000: 21.4 % of the sample,
$   40,000: 25.1 % of the sample,
$ 100,000: 28.8 % of the sample, and
$ 200,000: 24.7 % of the sample.

As shown above, the text of Scenario # 2 highlights the increase in the fine size and the lack of
change in the fine likelihoods.  After posing the second scenario, we asked this behavioral question:

“Based on this information, would your facility choose to improve maintenance in Year 2?”

Of the 268 respondents, 246 answered this question.  Of these 246, 97 % replied yes, while 3 %
replied no, as shown in Table 40.

The survey posed next the third scenario, which also represents an extension of the first
scenario, as we clearly told the respondents, with the following text:

“The final scenario is also an extension of Scenario # 1.  At the end of Year 1, your
facility received a fine of $ 10,000.  Without improved maintenance in Year # 1, the
chance of receiving a monetary fine was 10 %.  In this final scenario, without
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improved maintenance in Year 2, the chance of receiving a monetary fine has
increased to Y %.  With improved maintenance, the chance of receiving a monetary
fine remains at 1 % since this chance stems solely from uncontrollable factors.  The
size of the monetary fine again equals $ 10,000 in Year 2.  Improved maintenance
costs $ 10,000 per year.”

Across the survey respondents, the likelihood of a subsequent monetary fine (if maintenance is not
improved), Y, was randomly assigned from this set of values: 20 %, 40 %, 60 %, 99 %.  The chosen
random assignment of the subsequent monetary fine likelihood generated the following distribution
of values:

20 %: 21.4 % of the sample,
40 %: 25.1 % of the sample,
60 % : 28.8 % of the sample, and
99 %: 24.7 % of the sample.

As shown above, the text of Scenario # 3 highlights the increase in the fine likelihood if maintenance
is not improved and the lack of change in the fine size.   After posing this third scenario, we asked
the following behavioral question:

“Based on this information, would your facility choose to improve maintenance in Year 2?”

Of the 268 respondents, 245 answered this question.  Of these 245, 97 % replied yes, while 3 %
replied no, as shown in Table 40.

In sum, each respondent faces three scenarios.  Each of these three scenarios poses a
comparable situation with differences only in key components.  In the first year of Scenario # 1, each
respondent faces the 10 % likelihood of a $ 10,000 fine if maintenance is not improved and faces
the 1 % likelihood of a $ 10,000 fine if maintenance is improved.  These identical parameter values
apply to the second year of Scenario # 1.  By contrast, respondents in the second year of Scenario
# 2 face a randomly-assigned fine size that exceeds the fine size imposed after the first year, while
respondents in the second year of Scenario # 3 face a randomly-assigned fine likelihood (if
maintenance is not improved) that exceeds the fine likelihood faced in the first year.  Otherwise, the
parameter values in Scenarios # 2 and # 3 are identical to those in Scenario # 1.

6.7.3. Test of Initial Penalty Neutrality

Based on the reported responses to these four scenario-based questions, we test the theoretical
hypothesis associated with specific deterrence and explore the differential effects of the penalty
components.  First, we test the hypothesis of initial penalty neutrality by determining whether or not
a statistically significant number of respondents decide to modify their environmental behavior in
response to the treatment of specific deterrence even though the general deterrence components do
not change.  To test this hypothesis, we examine the responses to Year 1 of Scenario # 1 and Year



141  As an alternative approach, we assess whether a significant portion of the sample switched their
maintenance decision by testing whether the distribution of responses differs between Year 1 of Scenario

# 1 and Year 2 of Scenario # 2.  The distribution for both years is shown in Table 41.b.  Based on numerous
tests, we reject the null hypothesis of identical distributions between Year 1 and Year 2.  A sample means
test assesses whether the decision to improve maintenance, coded as 1, or not improve maintenance, coded
as 0, differs between the two samples: Year 1 and Year 2.  Given this construction, the mean value of 0.8672
in Year 1 differs from the mean value of 0.9212 in Year 2.  Based on the associated t-test statistic, the
difference of 0.054 is statistically significant with a p-value of 0.0364.  A chi-square test for two-way tables
generates a test statistic of 4.3801, which is statistically significant at levels equal to or greater than 0.036.
A likelihood-ratio chi-square test demonstrates a statistical difference in the two distributions at significance
levels of 0.0352 and greater.  A Fishers’ exact test reveals a statistical difference in the two distributions at
significance levels of 0.0511 and greater.  These test results buttress the reported conclusion.
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2 of Scenario # 1.  Of the 268 respondents, 241 provide non-missing data for these two responses.

Of these 241 respondents, 202 improve maintenance in both years, while 12 respondents
improve maintenance in neither year, as shown in Table 41.a.  These two patterns are consistent with
the null hypothesis of neutrality.  However, 20 respondents switch from “no improved maintenance”
in Year 1 to “improved maintenance” in Year 2, as shown in Table 41.a.  This pattern is inconsistent
with the null hypothesis.  Moreover, seven respondents interestingly switch from “improved
maintenance” in Year 1 to “no improved maintenance” in Year 2, as shown in Table 41.a.  While
unexpected, perhaps these respondents simply revised their original choice in the second year, given
that they are facing the same deterrence parameters.  In other words, these respondents reflected
more fully on the scenario and updated their choice.  Alternatively, these respondents may be
protesting the imposition of a fine even though they had improved maintenance in the first year
(despite the scenario’s clear depiction of this possibility).  Regardless of the explanation, this pattern
is also inconsistent with the hypothesis of initial penalty neutrality.

Nevertheless, for the purposes of this particular analysis, we focus on the decision to switch
from “no improved maintenance” in Year 1 to “improved maintenance” in Year 2.  We code this
decision as 1.  If a facility does not switch, we code the decision as 0.  We do not attempt to explain
the decision to switch from “improved maintenance” in Year 1 to “no improved maintenance” in
Year 2.  Instead, we omit these seven respondents from this particular analysis.  Either these
respondents considered their choice in Year 1 as flawed or they rejected the construction of the
scenario; regardless, their presence in the sample is problematic. 

Given the remaining inconsistent pattern, we test whether a statistically significant proportion
of the respondents decided to alter their decision due to the imposition of a fine after Year 1.  In
particular, we test whether the mean value of the decision to switch significantly exceeds zero.  We
generate a t-test statistic by dividing the sample mean (0.0855) by the ratio between the sample
standard deviation (0.2802) and the square root of the sample size (n=234).  This t-test statistic has
233 (=n-1) degrees of freedom.  The resulting statistic of 4.666 is significant at significance levels
of 0.001 and higher.  Thus, we soundly reject the hypothesis of initial penalty neutrality.141

Put differently, this test result rejects the conjecture that specific deterrence stems solely from
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a  notion of general deterrence.  Specific deterrence does not appear to follow simply from an
updating to the ex ante size of a fine or the ex ante likelihood of a fine.  Instead, the actual imposition
of a fine appears to convey some other type of information to facilities.

Since our testing rejects the null hypothesis of initial penalty neutrality, we next attempt to
explain facilities’ decisions to switch the provision of improved maintenance between Year 1 and
Year 2 of Scenario # 1.  Given the dichotomous nature of the dependent variable – decision to switch
between Year 1 and Year 2, we employ a probit model, while estimating a linear index function.  To
explain this decision, we use various facility characteristics (e.g., industrial sector), one firm
characteristic (ownership structure), the type  of enforcement approach faced by the facility, multiple
specific deterrence measures, and various individual environmental behavioral measures (e.g.,
provision of environmental training).  From this full list of regressors, we consider various
combinations or regressor sets.  Results from each regressor set are shown in Table 42.

When considering these various regressor sets, we first evaluate regressors that are clearly
exogenous, such as facility characteristics.  By including these exogenous regressors, our analysis
is better able to identify causal links from these regressors to the decision to switch.  Next, we
additionally evaluate regressors that are not clearly exogenous.  Specifically, we consider individual
environmental behavioral measures.  The decisions surrounding the environmental behavior captured
by these measures are obviously not simultaneously determined with the scenario choices.  Instead,
the environmental behavioral decisions are most certainly pre-determined relative to the scenario
choices.  Nevertheless, the links from these behavioral decisions to the scenario choices may not be
truly causal.  Instead, the scenario choices may be merely reflective of these pre-determined
environmental behavioral decisions.  Consequently, we explicitly do not claim to identify causation
when examining the effects of environmental behavioral decisions on scenario choices.

Again, we estimate the decision to switch from “no improved maintenance” in Year 1 to
“improved maintenance” in Year 2 using various regressor sets.  The first regressor set includes only
facility and firm characteristics drawn from outside the survey:

(1) indicator of major status (versus minor status),
(2) industrial sector:

- indicator of organic chemicals (versus “other chemicals”),
- indicator of inorganic chemicals (versus “other chemicals”),

(3) indicator of publicly-held corporate ownership structure (versus “all other structures”).

By considering facility and firm characteristics drawn from outside the survey, we are able to
examine the entire sample of scenario choices since we possess data on these characteristics for all
respondents.  The results of this first regressor set are shown in the first column of Table 42.  They
reveal that only ownership structure significantly affects the decision to switch: facilities owned by
publicly-held corporations are less likely to switch.

The second regressor set considers the aforementioned characteristics along with facility



158

characteristics taken from the survey:

(1) age of the facility (measured in years),
(2) number of facility employees, and
(3) presence of BOD and/or TSS treatment technologies (versus absence).

By considering facility characteristics drawn from the survey, our sample shrinks to 223 observations
as we lose observations due to missing data for certain characteristics.

For the purposes of our analysis, we consider the presence of treatment technologies as a
facility characteristic rather than environmental behavior because the decision to install a treatment
technology represents a long-term investment and most likely precedes the start of our sample
period.  The distinction is not critical for this particular analysis since the effect of the presence of
a BOD and/or TSS treatment technology proves insignificant regardless of the regressor set used to
estimate the dependent variable.  Consequently, we do not report the results from the full second
regressor set; instead, we report the results from a modified second regressor set that excludes this
explanatory factor.  We perform this exclusion mostly to increase the sample size since this factor
is not fully reported in our survey.

The estimation results of the modified second regressor set are shown in the second column
of Table 42.  They reveal that only industrial sector significantly affects the decision to switch:
relative to “other chemical” facilities, inorganic chemical facilities are less likely to switch.  The
effect of ownership structure is only marginal with a p-value of 0.11.

The third regressor set includes facility and firm characteristics and inspection-related
specific deterrence measures.  The estimation results are shown in the third column of Table 42.  For
the construction of the specific deterrence measures, we consider the 12-month period preceding the
survey’s completion for each respondent.  As alternative construction, we also consider the 24-month
period preceding the survey’s completion.  The reported conclusions are fully robust to the chosen
period for construction: inspection-related specific deterrence does not affect the decision to switch.
This conclusion is also robust to the inclusion of additional regressors: enforcement approach and
individual environmental behavioral measures.  Given the insignificance of these deterrence factors,
we do not report results from other regressor sets that include these factors.  Lastly, we do not
include penalty-related specific deterrence in the third regressor set (or other regressor sets) because
no respondents received federal penalties in the 24-month preceding period.

The fourth regressor set includes facility and firm characteristics and an indicator of a
cooperative enforcement approach.    The estimation results are shown in the fourth column of Table
42.  With our survey, we gather numerous indicators of a cooperative enforcement approach.  We
assess each of these indicators separately in our estimation.  We report the estimation results for the
cooperative enforcement approach indicator that generates the most significant effect (i.e., lowest
p-value for the associated coefficient) on the decision to switch the improved maintenance choice
between Year 1 and Year 2 of Scenario # 1.  The chosen indicator reveals a cooperative enforcement
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approach in the following way: a cooperative approach exists when facilities report they always
receive fair treatment from their regulator, as opposed to those facilities who report that they
sometimes receive unfair treatment (and sometimes fair treatment) from their regulator.  Even though
we chose to report the results only for the indicator with the lowest p-value, the conclusion is fully
robust to the choice of enforcement approach indicator: the enforcement approach does not
significantly influence the decision to switch.

The fifth regressor set includes facility and firm characteristics, a cooperative enforcement
approach indicator, and individual environmental behavioral measures.  For this analysis, we identify
and consider the more comprehensive measures of environmental behavior:

(1) stringency of the wastewater program monitoring protocol,
(2) protocol for classifying self-audit findings,
(3) presence of self-auditing [in 2001] (versus absence),
(4) provision of environmental training (versus no provision),
(5) managerial importance for identifying and correcting non-compliance, and
(6) ratio of facility environmental employees to overall employees (in 2001).

Since the second and third behavioral measures derive from the same underlying factor, we do not
simultaneously include these two measures in the regressor set; instead, we consider two variants
of this fifth regressor set.  Of the six behavioral measures, we identify three measures that
significantly affect the decision to switch the provision of improved maintenance between Years 1
and 2.  As shown in the fifth column of Table 42, the provision of environmental training, the
presence of self-auditing, and increased managerial importance for identifying and correcting non-
compliance reduce the likelihood of a facility switching its improved maintenance decision between
Years 1 and 2.  Neither the stringency of the wastewater program monitoring protocol nor the ratio
of facility-level environmental employees to overall employees significantly affects this decision.
Due to this insignificance, we do not report the results from the full regressor set that includes these
insignificant regressors.  Instead, we report only the results from the regressor set that excludes these
insignificant factors.

6.7.4. Influence of Fine Size and Likelihood on Scenario Choices

6.7.4.1. Pooling of Scenario Responses

As the second component of Objective 3, we examine the absolute and relative influence of
fine size and fine likelihood on the scenario choices to improve maintenance.  To examine this
influence, we pool the scenario responses.  Prior to this pooling, we identify the respondents who
provide non-missing data for all scenario-related responses.  Of the 268 respondents, 237 responded
to all four scenario-related questions.  We restrict our analysis to these 237 respondents.

After this screening, we pool the responses in three ways.  In the first pooling formulation,
we pool the responses from Year 1 of Scenario # 1, Year 2 of Scenario # 2, and Year 2 of Scenario



142  We do not pool the responses from Year 2 of Scenario # 2 and Year 2 of Scenario # 3.  This
pooling formulation ignores useful data from Scenario # 1 that allows us to extend the range considered for
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# 3.  All three responses are comparable in that facilities face comparable scenario parameters: cost
of improved maintenance, likelihood of a fine if maintenance is not improved, likelihood of a fine
if maintenance is improved, and size of a fine if non-compliance is detected.  (As a matter of fact,
the first two parameters are constant across all three scenarios.)

Despite this comparability, the response to Year 1 of Scenario # 1 precedes the imposition
of a fine on the responding facility.  The other two responses follow the imposition of a fine.  In this
regard, the response to Year 1 of Scenario # 1 need not be comparable to the other two responses.
Nevertheless, we incorporate this response into the first pooling formulation for comprehensiveness
and for comparison.

As the second pooling formulation, we pool the responses from Year 2 of Scenario # 1, Year
2 of Scenario # 2, and Year 2 of Scenario # 3.  Unlike the first pooling formulation, all responses
follow the imposition of a fine on the responding facility.  By comparing the results generated by the
analysis of the first two pooling formulations, we are able to re-examine the difference between
Years 1 and 2 of Scenario # 1.

As the third pooling formulation, we pool all four scenario responses: Year 1 of Scenario #
1, Year 2 of Scenario # 1, Year 2 of Scenario # 2, and Year 2 of Scenario # 3.  Since the response
from Year 1 of Scenario # 1 need not be comparable to the other responses, we incorporate into our
analysis a regressor that indicates whether or not the particular response stems from Year 1 of
Scenario # 1.142

6.7.4.2. Econometric Analysis

For each pooling formulation, we estimate the decision to improve maintenance in the
relevant year of the given scenario.  Due to the dichotomous nature of this dependent variable, we
use a probit model, while estimating a linear index function.  Using this model, we estimate the
functional relationship between the choice to improve maintenance and various sets of explanatory
factors.  The key explanatory factors are the size of the fine and the likelihood of a fine if
maintenance is not improved.  (The likelihood of a fine if maintenance is improved is constant across
all scenarios and all respondents.)  The first and primary regressor set includes these two key factors.

We also consider five other regressor sets, which include the two key factors – fine size and
fine likelihood – along with additional factors.  The second regressor set additionally includes facility
and firm characteristics drawn from outside the survey:

(1) indicator of major status (versus minor status),
(2) industrial sector:

- indicator of organic chemicals (versus “other chemicals”),
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- indicator of inorganic chemicals (versus “other chemicals”),
(3) indicator of publicly-held corporate ownership structure (versus “all other structures”).

The third regressor set additionally considers the aforementioned characteristics along with facility
characteristics taken from the survey:

(1) age of the facility (measured in years),
(2) number of facility employees, and
(3) presence of BOD and/or TSS treatment technologies (versus absence).

Since the conclusions drawn from the estimation of the third regressor set are identical to those
conclusions drawn from the estimation of the second regressor set, we do not report the estimation
results drawn from the estimation of the second regressor set.

The fourth regressor set additionally includes facility and firm characteristics and inspection-
related specific deterrence measures, as described above. Regardless of the chosen period for
construction and the inclusion of additional regressors, inspection-related specific deterrence does
not affect the decision to switch; consequently, we do not report any estimation results generated
from a regressor set including these deterrence measures.

The fifth regressor set additionally includes facility and firm characteristics and an indicator
of a cooperative enforcement approach.  We assess separately each of the survey-gathered indicators
in our estimation.  We report the estimation results for the cooperative enforcement approach
indicator that generates the most significant effect.  The chosen indicator reveals a cooperative
enforcement approach in the following way: a cooperative approach exists when facilities report that
they are “always likely” to allow unannounced visits from their regulator, as opposed to those
facilities who report that they are only “likely” or “somewhat likely” to allow unannounced visits.
As shown in Tables 43.c and 43.d, facilities facing a cooperative enforcement approach are more
likely to improve their maintenance.  This result is reassuring.  While we report the results only for
the indicator with the lowest p-value, the conclusion is somewhat robust to the choice of
enforcement approach indicator.  One other indicator generates a significant effect that re-affirms
the reported conclusion.  This alternative indicator identifies a cooperative enforcement approach
in this way: a cooperative approach exists when facilities report they did not seek assistance from
assistance from an elected official regarding the facilities’ relationship with their regulator, as
opposed to those facilities who report that they did seek such assistance.

The sixth regressor set additionally includes facility and firm characteristics, a cooperative
enforcement approach indicator, and individual environmental behavioral measures.  For this
analysis, we identify and consider the more comprehensive measures of environmental behavior:

(1) stringency of the wastewater program monitoring protocol,
(2) protocol for classifying self-audit findings,
(3) presence of self-auditing [in 2001] (versus absence),
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(4) provision of environmental training (versus no provision),
(5) managerial importance for identifying and correcting non-compliance, and
(6) ratio of facility environmental employees to overall employees (in 2001).

Since the second and third behavioral measures derive from the same underlying factor, we do not
simultaneously include these two measures in the regressor set; instead, we consider two variants
of this sixth regressor set.

6.7.4.3. Deterrence Theory and Resulting Hypothesis

Each regressor set includes the two key explanatory factors: fine likelihood and fine size.
Theoretically, the product of these two factors – expected fine size – should affect the decision to
improve maintenance.  To accommodate this theoretical relationship in a probit model with a linear
index function, we take the log of this product.  The log of the product equals the sum of the logs
of the two components: log (likelihood x size) = log (likelihood) + log (size).  Accordingly, we
incorporate the log of fine likelihood and the log of fine size into the primary regressor set.  As
important, since the product of fine likelihood and fine size theoretically affect the decision to
improve maintenance, the effect of log fine likelihood and the effect of log fine size are theoretically
equal.  We test this hypothesis.  If we reject this hypothesis, we then assess which fine-related effect
is greater.

6.7.4.4. Analytical Results

To test this hypothesis and assess the relative influence of the two fine components, we first
consider the estimation results based on the primary regressor set, which includes only the key
explanatory factors of fine size and fine likelihood.  We assess the results from the three pooling
formulations in order.  The results are shown in Table 43.a.  Based on the first pooling formulation,
as shown in the first column of Table 43.a, both fine size and fine likelihood significantly affect the
decision to improve maintenance: both bigger fines and more likely fines increase the likelihood of
choosing to improve maintenance.  These two effects are highly significant.  Next, we assess whether
these two effects are statistically different by testing whether or not we reject the null hypothesis of
equal effects using a likelihood ratio test.  The associated test statistic of 0.018, which is shown in
Table 43.a, is chi-square distributed with one degree of freedom and is significant only at levels far
above 10 %.  Thus, we cannot reject the null hypothesis of equal effects.

Based on the second pooling formulation, both fine size and fine likelihood significantly
affect the decision to improve maintenance, as shown in the second column of Table 43.a.  While
still statistically significant, both effects are less significant in the second pooling formulation than
in the first pooling formulation.  This decrease in statistical significance most likely stems from the
reduction in the estimated coefficient magnitudes of these two fine-related effects.  The estimated
coefficient magnitude for fine size drops from 0.3839 to 0.2349 and the estimated coefficient
magnitude for fine likelihood drops from 0.3666 to 0.1873.  This decline is consistent with the
replacement of the response from Year 1 of Scenario # 1 with the response from Year 2 of Scenario
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# 1 in the pooling formulation.  In Year 2 of Scenario # 1, some facilities demonstrated their
willingness to switch from “no improved maintenance” to “improved maintenance” even though
neither the fine size nor fine likelihood changes.  This switch weakens the connection between the
fine size or fine likelihood and the scenario responses involving improved maintenance.

In addition to this decline in coefficient magnitudes and resulting reduction in statistical
significance, the difference between the estimated effect of fine size and estimated effect of fine
likelihood widens.  Nevertheless, the result of a likelihood ratio test still cannot reject the null
hypothesis of equal effects.  Thus, the initial conclusion is robust to the replacement of Year 1 for
Year 2 from Scenario # 1.

Estimation based on the third pooling formulation generates coefficient estimates identical
to those generated by estimation based on the second pooling formulation, as shown in the second
and third columns of Table 43.a.  Estimation of the second and third pooling formulations generates
identical results when considering the primary regressor set since the regressor set is expanded to
include the “Year 1 of Scenario # 1" indicator when estimating the third pooling formulation.  By
including this indicator, the estimated coefficients for fine size and fine likelihood are based
exclusively on the regressors’ variation found in the other responses: Year 2 of Scenario # 1, Year
2 of Scenario # 2, and Year 2 of Scenario # 3.  (As an aside, there is no need to interact this indicator
with the fine size and fine likelihood regressors since these factors do not vary within Year 1 of
Scenario # 1).

Inclusion of the “Year 1 of Scenario # 1" indicator in the estimation based on the third
pooling formulation proves important.  As shown in the third column of Table 43.a, this indicator
is statistically significant: responses in Year 1 of Scenario # 1 are less likely to indicate improved
maintenance.  This result is completely consistent with the rejection of initial penalty neutrality.

In sum, regardless of the pooling formulation, the effect of fine size and the effect of fine
likelihood are statistically equal.  Importantly, this result does not follow from the estimation’s
inability to capture these two effects.  As a matter of fact, both effects are tightly estimated,
especially based on the first pooling formulation and especially for the fine size effect.  This
demonstration of equal effects is fascinating.  While theory may posit the null hypothesis of equal
effects based on the common use of expected penalty size to explain environmental compliance
decisions, we doubt that most social scientists expect this theoretical construct to explain
individuals’ decisions with great precision.  Yet, we demonstrate here that this theoretical construct
seems to work quite well for explaining behavioral choices, at least within the context of our
hypothetical scenarios.

The conclusions associated with the absolute and relative influence of the fine size and fine
likelihood on the decision to improve maintenance is robust to the consideration of the other
regressor sets, as shown in Tables 43.b through 43.d, with two notable exceptions.  First, as shown
in Table 43.d, when estimation based on the second pooling formulation uses a regressor set that
includes individual behavioral measures, the statistical significance of the fine likelihood effect slips,
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evidenced by the rise in the p-value to 0.273, as the estimated coefficient magnitude drops to 0.152.
Despite this decline in coefficient magnitude, we are still not able to reject the null hypothesis that
the fine likelihood effect equals the fine size effect.  However, we can no longer claim that our
analysis is tightly estimating the fine likelihood effect.  Perhaps, the inclusion of individual
behavioral measures that all prove insignificant undermines the model’s ability to estimate tightly
the fine likelihood effect.

Second, when estimation based on the third pooling formulation uses a regressor set that
includes individual behavioral measures, the statistical significance of the fine likelihood effect again
slips, as shown in Table 43.d.  In this case, the p-value rises to the level of 0.258.  The displayed loss
of statistical significance most likely stems from the drop in the estimated coefficient magnitude
from 0.208 to 0.154.  Yet, we are still not able to reject the null hypothesis that the fine likelihood
effect equals the fine size effect.  However, we can no longer claim that our analysis is tightly
estimating the fine likelihood effect.  Apparently the inclusion of individual behavioral measures,
which in this case prove significant, alters the relationship between fine likelihood and the decision
to improve maintenance.  It seems that a portion of facilities’ responsiveness to the likelihood of a
fine is correlated with facilities’ willingness to engage in better environmental behavior.
Interestingly, this correlation does not seem relevant for facilities’ responsiveness to the size of a
fine.

7. Operation of CWA Enforcement and Permitting: Difficulties Encountered

While our research project certainly faced several difficulties, two difficulties warrant special
discussion.  While our research team was organizing our analysis of data on government
interventions and environmental performance data, key questions arose concerning exactly how the
EPA’s Clean Water Act (CWA) National Pollutant Discharge Elimination System (NPDES)
monitoring, enforcement, and permitting processes work.  We believed that a solid understanding
of these processes would help us to analyze better the collected data and to interpret better the
generated analytical results.  When one member of the team made a presentation of our preliminary
research results to EPA in the spring of 2004, a staff member in EPA’s Office of Compliance even
explicitly recommended that we provide an explanation of the monitoring and enforcement processes
as a means for improving our analytical approach and interpretation of our results.

In this section, we explain the following: (1) how we attempted to gain a solid understanding
of the monitoring, enforcement, and permitting processes, (2) how our attempts met with difficulties,
and (3) why we failed to accomplish this worthy goal.  This section in no way represents a criticism
of the EPA, state regulatory agencies, or any individual persons mentioned below.  We provide this
section only  to explain our inability to achieve our goal.  If this section is received as a criticism,
we are deeply sorry for our inability to express ourselves and only hope that the EPA accepts this
section as at least constructive criticism.

As we began trying to gather information about the monitoring, enforcement, and permitting
processes, we encountered difficulties.  First, we made many phone calls in which the government
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officials to whom we spoke were unable to answer at least some of our questions.  They often
referred us to others, all of whom were cooperative.  They also referred us to guidance documents,
some of which appear not to exist and others of which were very difficult to find.  Some of the
responses to our questions were inconsistent; the responses of some of the people we contacted
contradicted the responses of some others.  On both counts, it is highly possible that we simply
misunderstood people’s answers to our questions or that we did not convey our questions accurately.

These points notwithstanding, our conclusion about the state of the available information
relating to the CWA permitting and enforcement processes is similar to the conclusion expressed in
a recent article about environmental enforcement data in general:  “there are few sources of
[information relating to the CWA enforcement and permitting processes] that are truly accessible
and useful to the consumer, investor, . . . the regulatory community,” and researchers seeking to
understand the impact of CWA enforcement.  Robert H. Cutting et al., Enforcement Data:  A Tool
for Environmental Management,” 36 Envtl. L. Rep. (Envtl. L. Inst.) 10060, 10072 (2006).

Regardless, we take full ownership over our inabilities.  We did not properly appreciate and
gauge the state of the available information prior to our undertaking.  With a better appreciation, we
would have allocated more time up front for this task and adjusted our research proposal accordingly.
(A full description of our efforts is available upon request.)

The information we summarize comes from two kinds of sources.  First, we engaged in a
series of phone conversations and email exchanges with agency officials, most of which occurred
between the spring and winter of 2004.  The people with whom we spoke or with whom we
communicated by email include Deborah Nagle (Industrial Branch Chief), Nicholas Franco (Office
of Enforcement and Compliance Assurance), Jon Silberman (OECA-OPPAC), Kathryn Greenwald
(Office of Enforcement and Compliance Assurance), and David Drelich in the national office; Rett
Nelson, who works on both permitting and enforcement in EPA’s Region V office; Mike Mikulka
in EPA Region V’s Water Division; and Mike Tate and Ed Dillingham at the Kansas Department
of Health and Environment (KDHE), the agency that administers the NPDES permit program in
Kansas.  Second, we read many guidance documents that we either found on EPA’s website or that
we received from the agency officials with whom we communicated.

7.1. Monitoring and Enforcement Processes

First, we describe our attempts to understand better the monitoring and enforcement
processes.  In particular, we attempted to identify any specified escalation policy or enforcement
“ladder”, which would include both inspections and enforcement actions.  With a solid
understanding of any identified enforcement ladder, we believed that we could better analyze the
relationships or interactions among various types of government interventions:

(1) interactions between types of inspections: state inspections and federal inspections,
(2) interactions between inspections and sanctions, and
(3) interactions among types of sanctions:
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(a) federal administrative sanctions and federal civil sanctions,
(b) federal fines and federal non-fine sanctions (e.g., injunctions), and
(c) federal sanctions and state fines.

Based on the information we gathered and analyzed, we conclude that there exists no single
“ladder” of enforcement that describes a mandatory array of enforcement actions, from least to most
stringent, that allows one to predict the exact nature of the action that EPA or an authorized state will
take in response to a particular CWA alleged violation.  EPA officials told us that more than one
enforcement response to the same violation may be appropriate.  They indicated that EPA tries to
balance the need for certainty among regulators and regulated point sources with the need for
enforcement personnel to retain discretion in responding to alleged violations.  In addition, while
EPA is wary that the issuance of extensive and specific guidance documents may trigger rulemaking
procedural requirements, the agency prepares such documents in part because it does not want to
provide the appearance of completely unconstrained enforcement discretion.

Other sources confirm this assessment.  The authors of a treatise on environmental
enforcement – Hunter and Waterman (1996, pg. 48-49) – state that “the enforcement process, as
adumbrated in the EMS [Enforcement Management System] manual, is hierarchical, meaning that
there is a process for escalating enforcement actions from a lower to a higher level.  But as several
EPA officials have told us, the process is often not hierarchical at all.  A perfunctory inspection of
the EMS provides one important reason for this outcome.  EPA and state personnel have
considerable discretion in carrying out provisions of the NPDES program.”  Hunter and Waterman
(1996, pg. 46-47) add that “[d]etermining the appropriate response level in a particular case of
noncompliance is complicated by a number of factors, including the seriousness of a violation:  for
example, does it present a direct threat to the health of the surrounding community, does it represent
an aesthetic threat to the environment, did the violation occur in a pretreatment facility, did the
permittee fail to report the violation, did the permittee try to bypass the problem improperly, are there
suspected operation and maintenance problems at the facility where the violation occurred, what is
the permittee’s compliance history, and what is the permittee’s ability and willingness to comply
with the Clean Water Act?”  In short, according to this account at least, there are too many variables
to allow confident prediction of what the enforcement response to a particular alleged violation will
be. That does not mean that there is no predictability whatsoever to the system.  Hunter and
Waterman (1996, pg. 55) note, for example, that “[l]itigation . . . is limited to only certain types of
cases.  It is not simply determined by the severity of the violation, but also by the likelihood of
deriving adequate compensation and pragmatic notions of the rules of evidence.”

The most complete response to the question of whether an enforcement “ladder” exists that
we found in EPA guidance documents appears in EPA Office of Enforcement and Compliance
Monitoring, Policy Framework for State/EPA Enforcement Agreements (on pages 11-14), which is
dated August, 1986.  That document focuses more on the timeframes within which enforcement
action must be brought than on the kind of action to be taken.  That guidance document adds (on
page 6) that “[n]ational medium-specific program guidance applicable to State programs on
appropriate enforcement response should be followed. . . .  There is usually sufficient flexibility



167

within such guidance to allow the exercise of discretion on how best to apply the policies to
individual cases.”  The “medium-specific” guidance applicable to the CWA that we located provides
further assistance in determining what kind of enforcement action is appropriate in different
situations, particularly in describing the differences between formal and informal enforcement action.
Still, this guidance falls short of an ironclad, immutable enforcement “ladder” that can be used to
predict the response enforcement officials will take in addressing particular alleged violations.

In our search, we faced difficulties locating the latest and most relevant guidance documents.
Both EPA and KDHE officials told us that the best source of information about the CWA
enforcement process is a document they referred to as the “Enforcement Response Policy” for the
CWA.  They described it as a document that, among other things, identifies what enforcement
actions should be taken for each kind of violation.  They also told us we could find it at EPA’s
website, at  http://cfpub.epa.gov/compliance/resources/policies/civil/CWA/.  The fourth item on the
list of guidance documents at that location (called Enforcement Response Policies Listing (4/03))
looks like the document to which these officials referred, but it is not actually there.  When we
clicked on the hyperlink for that item, nothing happened.  The same web page renewed itself, but the
screen did not change.  The web site continues to malfunction as of March 10, 2006.  Again, we
failed to appreciate the efforts that we needed to expend.  We regret our insufficient preparation on
this front.

Another official informed us that the water enforcement program does not have an
“Enforcement Response Policy” document, at least by that title.   Someone else at EPA told us to
look at the “Enforcement Management System Response Guide for NPDES Violations.”  We were
not been able to find that document either, although we found something with a similar name, as the
next paragraph indicates.  Yet another person at EPA sent us what she described as the most
important enforcement documents.  They did not include anything called EPA Office of Water, The
CWA Enforcement Response Policy.  Perhaps, we misunderstood the EPA officials’ guidance.

We did eventually locate a guidance document titled, The Enforcement Management System:
National Pollutant Discharge Elimination System (Clean Water Act) (1989).  One of the appendices
to that document (found as Attachment B to Chapter II) is something called The Enforcement
Response Guide, which is not dated.  That is the closest document we found to the frequently cited
“Enforcement Response Policy”.

Lacking any strongly identified “Enforcement Response Policy” or “enforcement ladder”,
we only weakly utilized the insight gained from our efforts to guide our analysis of government
interventions and to assist with our interpretation of the results generated from this analysis.  In
addition, we must acknowledge our inability to appreciate these difficulties.  We regret that we
properly prepare for the efforts needed.  Due to our inability, we did not have the proper allocation
of time to draw more upon the details that we did gather on government interventions.

7.2. Permitting Process
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Second, we briefly describe our attempts to understand better the permitting process.  In
particular, we attempted to explain the absence of BOD and/or TSS effluent limitations in permits
issued to major chemical facilities in our sample drawn from the PCS database.  We were rather
concerned about this absence since BOD and TSS represent two of the primary pollutants regulated
by the NPDES system.  At a minimum, we wished to assuage our concerns.  If our concerns were
not assuaged, we hoped to adjust our analysis in order to control for the absence of BOD and/or TSS
effluent limits, believing that the sample of facilities facing BOD or TSS effluent limits may not be
representative of all major chemical facilities.

One EPA official speculated that there would be no BOD or TSS effluent limitations in a
permit only if the permitted facility does not discharge those pollutants.  Similarly, another agency
official responded that we needed to check the effluent limitation guidelines for each subcategory
within the chemical industry to see if they contain effluent limitations for BOD and TSS.  If they do,
then all NPDES permits for point sources in that subcategory are supposed to include effluent limits
for BOD and TSS.  If they do not, then the permits would not need to include such limits.  The
KDHE officials with whom we spoke also indicated that facilities in the chemical industry without
BOD or TSS limits in their permits must not be discharging those pollutants.

Another EPA official gave a slightly different answer, however, indicating that there might
not be a limit for BOD or TSS in a facility’s permit if alternate parameters, which are limited in the
permit, effectively regulate BOD and TSS as well.  Two other EPA officials told us that a permit for
a point source in the chemical industry might lack effluent limitations for BOD or TSS if the point
source is discharging de minimis amounts of those pollutants.  Alternatively, the permit might be
an old one that, when revised, would contain effluent limitations for BOD and TSS because the point
sources began discharging those pollutants after issuance of the initial permit.  We know from prior
experience with the CWA that an expired permit continues to govern a point source’s discharge until
the permit issuing agency (either EPA or a state that has been delegated the authority to issue
NPDES permits) rules on a pending permit renewal application.

We also know from our experience that if an NPDES permit imposes specific effluent
limitations on the discharge of some pollutants, the point source may discharge unlimited amounts
of other pollutants not specifically regulated in the permit, as long as the permit holder has properly
notified the permitting agency that it is or will be discharging the unregulated pollutants.  [See Pine
Run Preservation Ass’n v. County Comm’rs, 268 F.3d 255 (4th Cir. 2001); Atlantic States Legal
Found., Inc. v. Eastman Kodak Co., 12 F.3d 353 (2d Cir. 1993).]  In such a case, the permit acts as
a “shield” against allegations that the point source has violated the CWA by discharging without
permit authorization. [See 33 U.S.C. § 1342(k).]

Unfortunately, our efforts generated an understanding that neither assuaged our concerns nor
allowed us to adjust our analysis for the absence of BOD and/or TSS effluent limits.  Instead, our
analysis simply assumes that facilities face BOD and/or TSS effluent limits only when the particular
facilities are discharging these specific pollutants.  Given this assumption, our analysis of BOD
discharges is fully representative of BOD-related environmental performance of major facilities



143  The workshop series was titled “Environmental Behavior: Why People Do What They Do?”  At
the particular session dedicated to KDHE and EPA Region VII officials, Rob Glicksman and Tat Ebihara
presented our results with a title of “Do Government Interventions Induce Better Environmental Behavior?
It May Depend on the Regulator’s Approach”.  Dietrich Earnhart also presented related results.

144  This particular event was co-sponsored by Jayhawk Audubon Society, Sierra Club, Kaw Valley
Heritage Alliance, and Friends of the Kaw.  At this particular event, Don Haider-Markel and Dietrich
Earnhart presented results with a title of “Do Communities Effectively Pressure Facilities to Improve their
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operating in the chemical manufacturing industry; the same conclusion applies to our analysis of TSS
discharges.

8. Communication of Results to Target Groups

We took several steps to communicate our results to identified target groups.  To
communicate our results to state environmental policymakers, we completed the following steps:

(1) generated a summary report,
(2) posted this report on the web site maintained by the Policy Research Institute under the

Center for Environmental Policy,
(3) mailed this report to state NPDES coordinators in Texas, Louisiana, New Jersey, and

West Virginia; and
(4) held a workshop on April 29, 2004, for officials from the Kansas Department of Health

and Environment (KDHE) and EPA Region VII office, which represented part of a
workshop series sponsored by the University of Kansas Policy Research Institute and
Hall Center for Humanities.143

To communicate our results to the chemical industry, we completed the following steps:

(1) generated a summary report,
(2) posted this report on the aforementioned web site,
(3) mailed a copy to the American Chemical Council (ACC), and
(4) initiated the process of mailing copies to all interested survey respondents.

To communicate our results to community-based environmental groups, we completed the following
steps:

(1) generated a summary report,
(2) posted this report to the aforementioned web site,
(3) sent report copies to national environmental groups with local chapters (e.g., Jayhawk

Audubon Society), and
(4) provided a special presentation of our research results on May 13, 2004, to local Kansas

environmental groups coordinated through the local chapter of the Audubon Society
in Lawrence, Kansas (i.e., Jayhawk Audubon Society), which represented part of a
seminar series sponsored by the University of Kansas Policy Research Institute and
Hall Center for Humanities.144



Environmental Behavior and Performance? A Study of the Chemical Manufacturing Industry”).  Rob
Glicksman and Tat Ebihara were also present at the event.
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9.  Data Development

Our research project develops three datasets for public use .  We have posted the existence
of these three datasets on the Policy Research Institute (PRI) website and have provided instructions
on how to access them.

The first dataset contains only government data: EPA Permit Compliance System (PCS),
EPA Docket, Census  Bureau, Commerce of Department Regional Economic Information System
(REIS).  We have posted this dataset on the PRI website and have made it freely available.  We have
provided the necessary documentation to facilitate others’ use of the dataset: variable field format,
variable descriptions, downloading instructions, and limited technical support.  Finally, the dataset
contains an identification variable that permits potential users to merge this first dataset with the
second dataset.

The second dataset contains only the proprietary data drawn from the COMPUSTAT /
Research Insight database.  Given the proprietary nature of these data, this dataset is not freely
available on the web site.  Instead, we are establishing a protocol for interested users to negotiate an
agreement with COMPUSTAT regarding the use of these proprietary data.  In particular, the protocol
identifies the conditions under which COMPUSTAT will require a payment and how the payment
magnitude will vary according to the type of interested user: academic institution, research
institution, non-profit organization, and for-profit organization.  We will help to implement this
protocol on an ad-hoc basis.  We have posted on the PRI website the necessary documentation on
the variables, such as variable field format and variable descriptions.  Once users are granted
permission from COMPUSTAT, we will electronically send the second dataset to them.  To facilitate
the negotiations with COMPUSTAT, we have designated the PRI Survey Center as the contact
agent.  This second dataset contains an identification variable that permits potential users to merge
it with the first dataset.

The third dataset will contain only the confidential data generated by the survey of chemical
facilities.  Given the confidential nature of these data, this dataset will not be freely available on the
web site.  Instead, we will establish a protocol for interested users to negotiate a confidentiality
agreement for access.  For this purpose, we will designate the PRI Survey Center as the contact
agent.  Under this confidentiality agreement, other users must agree to provide the necessary security
to protect against the release of individual responses recorded in the data.  These security procedures
include password-protected computers, locked work spaces, and padlocked hard copies and
electronic copies.  To further protect the confidentiality of survey responses, we will strip all
identifying attributes from the third dataset, in particular, the NPDES number of the facility.
Therefore, users will not be able to merge this third dataset with the other two datasets.  Once the
confidentiality agreement is signed, the PRI Survey Center will send an electronic copy of the
dataset.  On the PRI website, the PRI Survey Center will post documentation on the variable field
format and variable descriptions.
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As of yet, we have not posted this third data set to the PRI website or implemented any of
the described protocols.  Instead, we respectfully request the EPA’s willingness to allow us to delay
the release of this third dataset until March 11, 2007, the one-year anniversary of our delivering this
final report.  We have spent so much time completing the analysis for this final report that we have
not even begun to analyze the richness of the data that we have spent so time gathering and
organizing.  Honestly, we do not wish to compete with other researchers over the exploitation of
these data until we have had at least a year to move beyond the analysis required for this final report.
We would greatly appreciate the EPA honoring our request.

While the dataset of survey responses is not available, the PRI Survey Center has posted a
copy of the survey instrument so that potential users can at least appreciate now the information that
will become available on March 11, 2007, if the EPA accepts our request.

9. Quality Assurance Requirements

9.1. Criteria for Acceptable Data Quality

For our research, we utilize four sources of data: federal government-collected, state
government-collected,  COMPUSTAT, and self-collected survey.  The federal government data
comes from seven sources: EPA Permit Compliance System (PCS) database, EPA Docket database,
U.S. Census database, other U.S. Census Bureau databases, Commerce Department Regional
Economic Information System (REIS) database, annual budget reports from the Office of
Management and Budget (OMB), and Bureau of Labor Statistics (BLS) databases.  PCS and Docket
data are precisely and accurately measured to the suitability of the EPA.  The census data are
precisely and accurately measured to the suitability of the U.S. Census Bureau.  The REIS data are
precisely and accurately measured to the suitability of the Department of Commerce.  The annual
budget data are precisely and accurately measured to the suitability of the OMB.  The unemployment
rate data and CPI data are precisely and accurately measured to the suitability of the BLS.  The PCS
and Docket data are fully representative and complete for all chemical wastewater dischargers in the
National Pollutant Discharge Elimination System (NPDES).  The census data are fully representative
and rather complete for measuring community characteristics of communities (at the zip code level)
that house the selected chemical manufacturing facilities. The REIS data are fully representative and
rather complete for measuring community characteristics of the counties that house the selected
chemical manufacturing facilities.  The annual budget reports are fully representative and complete
for the federal government and state governments.  The unemployment rate data are fully
representative and complete for measuring county-level employment conditions.  The CPI data are
representative and sufficiently complete for measuring inflation rates across the United States.  The
state fine data are collected by the Texas Natural Resource Conservation Commission, Louisiana
Department of Environmental Quality, New Jersey Department of Environmental Protection, and
West Virginia Division of Environmental Protection.

The state fine data are precisely and accurately measured to the suitability of the respective
agencies and are completely representative of all chemical wastewater dischargers in the NPDES
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system for the noted states.

COMPUSTAT data draw upon publicly-held corporate filings required by the Security
Exchange Commission (SEC); these data are precisely and accurately measured to the suitability of
the SEC.  These data are fully representative and sufficiently complete for all the selected facilities
owned by publicly-held firms.  These data are not fully complete since most of the examined data
elements are incompletely populated to some degree.  Despite a similar presence of missing data,
previous studies, such as Anton et al. (2004) and Russo and Fouts (1997), make no adjustment for
the restriction placed on the sample.  Similar to these previous studies, we assume that the presence
of missing data causes no sample selection bias.

The survey data are sufficiently precise and accurate and mostly representative of the
population considered.  Since most of the survey questions demand yes/no  responses or selection
from a pre-specified choice set, precision is not critical.  However, concern over precision may seem
relevant for certain open-ended questions, such as the annual number of self-audits.  To
accommodate this concern, our analysis transforms potentially imprecise continuous measures into
ordinal measures.  For example, we transform the count of annual self-audits into four ordinal levels:
1 per year, 2-3 per year, 4-8 per year, and 9 or more per year.  Accuracy is the larger concern.
Respondents may have provided distorted answers due to confidentiality concerns, recall error,
confusion, lack of appreciation regarding hypothetical scenarios, and desire to appear
environmentally responsible.  We believe that our telephone format helped to mitigate these
distortions.  As for representativeness and completeness, we obtained responses from 20 % of all the
facilities that fit our criteria and for whom we located contact information.  Obviously, our sample
is not complete.  Yet, we argue that our sample is sufficiently representative or at least no less
representative than other studies of similar manufacturing industries and similar in scope.  Given the
size of our non-response rate, the need for an assessment of any sample selection bias is apparent.
We perform this assessment in two forms.  First, a comparison of the original sample of 1,612
potentially eligible facilities to those facilities that actually completed our survey reveals that there
is no systematic state or regional bias in participation.  Similarly, the difference in the participation
of major versus minor facilities is slight.  Both of these comparisons are described in sub-section
6.1.1.  Second, we implement the first stage of a Heckman sample selection correction procedure,
as described in sub-section 6.2.  We find selection bias with respect to only one characteristics: major
facility versus minor facility.  Therefore, we conclude that we must gingerly assess differences based
on the distinction between major dischargers and minor dischargers.

9.2. Study Design

Our study design is straightforward.  The sample type of our study is the individual chemical
manufacturing facility that is classified as a wastewater discharger in the NPDES system.  For major
dischargers, no statistical analysis is necessary to determine the appropriate number of samples since
our research project was able to sample and analyze all of the 512 identified facilities.  This sample
size is sufficient to generate statistically significant regression results.  For minor wastewater
dischargers, no statistical analysis is necessary to determine the appropriate number of samples since
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our research project attempted to sample all of the 1,969 identified facilities.  However, our survey
obtained responses from only 163 minor facilities.  This somewhat sample size need not be sufficient
to generate statistically significant regression results.  The same concern holds for the sample size
of major facilities (N=105) represented in our survey sample.  On both counts, we must acknowledge
that the lack of statistical significance in our survey-based results may not accurately reflect the true
absence of any connection between a particular explanatory factor and a particular outcome, e.g.,
stringency of the wastewater monitoring program.

9.3. Procedures for Handling and Custody of Samples

Our procedures for the handling and custody of samples have been complete.  The sample
collection procedure is described in sub-section 6.1.1.  The identification procedure follows directly
from the classification of wastewater dischargers in the PCS database.  Sample preservation involves
electronic storage.  Transportation of samples is not relevant.  Storage of the government and
COMPUSTAT data is not critical.  However, storage of the survey data must maintain the
confidentiality promised to all respondents.  The initial recording of the data (and the backup file)
has been stored at the Policy Research Institute (PRI) Survey Center, which maintain their security
using password protected computers, locked work spaces, and padlocked backup file.  We have
maintained the security of the working data copies by using password protected computers, locked
work spaces, and locked storage for files stored on transportable disks.

9.4. Procedures for Calibration and Performance Evaluation

We have provided procedures for evaluating the performance of our sampling methods and
analytical methods.  (Calibration is not relevant to our project.)  To evaluate our sampling methods
regarding the survey distributed to chemical manufacturing facilities, we organized a focus group
and pre-tested the survey.  Using these tools, we confirmed the appropriate phrasing of the questions,
structure of the hypothetical scenarios, and contact methods.  In addition, Mark Cohen, the Director
of the Vanderbilt Center for Environmental Management Studies at Vanderbilt University and a
prominent analyst of environmental enforcement, consulted on our sampling methods.  To evaluate
our analytical methods, we have employed goodness of fit measures, such as R2 and Pseudo-R2, and
significance tests, such F-tests and P2 tests, depending on the estimation technique for multivariate
analysis.  Also, we compared our results to previous comparable studies.

9.5. Procedures for Data Reduction and Reporting

Our procedures for data reduction and reporting are the following.  Data reduction is not
relevant.  As for reporting, we have not and will not release any individual responses collected by
our survey.  We have released (and will release) only publicly-available data on individual facilities.
Beyond the results of our regression analysis, we have reported tables on basic statistical tendencies:
means, medians, maxima, minima, standard deviations, and frequency distributions (for discrete
measures).  We describe our statistical analyses in detail above.

9.6. Quantitative and/or Qualitative Procedures to Evaluate Project Success



174

Our project has meet with success because we have achieved the expected results listed in
Section 3.1 of our Project Description with a few notable exceptions.  First, we were not able to
evaluate the distinction between discretionary inspections and routine inspections, as noted in
Section 1.  Second, we were not able to evaluate the differential effects between fines and non-fine
sanctions when examining environmental behavior, as noted in sub-section 6.2.  We have employed
quantitative procedures to evaluate our achievement of these success indicators.  In particular, we
have employed significance tests, such as t-tests and F-tests, to confirm the statistical importance of
links between key factors and corporate environmental behavior and performance and the link
between environmental behavior and environmental performance.

10.  Conclusions

Based on our analysis, we report the following findings and conclusions, organized according
to the list of specific objectives shown in Section 1.

By accomplishing Objectives 1 and 2, we generate the following findings and conclusions:

(1) The effects of inspection-related specific deterrence on environmental performance depend on
the measure of performance.  Federal inspection-related specific deterrence improves BOD-related
environmental performance, while state inspection-related specific deterrence has no effect.  In
contrast, state inspection-related specific deterrence improves TSS-related performance.
(2) Specific deterrence stemming from federal inspections is more effective at improving BOD-
related performance than specific deterrence stemming from state inspections.  However, state
inspection-related specific deterrence more effectively improves TSS-related performance than does
federal inspection-related specific deterrence.
(3) While state inspection-related general deterrence undermines BOD- and exceedance-related
performance, federal  inspection-related general deterrence has no effect.  In contrast, state
inspection-related general deterrence improves TSS-related performance.
(4) No significant difference exists between federal inspection- and state inspection-related general
deterrence when examining their effects on environmental performance.
(5) The effects of sanction-related specific deterrence on environmental performance depend on the
source of the sanction and the measure of performance to a lesser extent.  An increase in the number
of administrative sanctions against specific facilities undermines BOD- and exceedance-related
performance, yet a larger administrative sanction improves both performance types.  In contrast,
more civil sanctions improve BOD-related performance, while a larger civil sanction undermines
BOD performance.  Civil sanctions do not affect exceedance-related performance.  Neither civil nor
administrative sanctions affect TSS-related performance.
(6) General deterrence stemming from the number of administrative sanctions undermines BOD-
related performance, while general deterrence stemming from the average administrative sanction
magnitude has no effect.  In contrast, general deterrence relating to the number of civil sanctions
does not influence BOD-related performance, while general deterrence relating to the average civil
sanction magnitude improves performance.  Contrary to BOD-related performance, general
deterrence stemming from both the average administrative penalty magnitude and the average civil
penalty magnitude improves TSS-related performance.



175

(7) Differences exist between deterrence stemming from EPA administrative and federal civil
sanctions when examining their effects on environmental performance but only for BOD-related
performance.
(7a) In terms of specific deterrence, an increase in the number of civil sanctions improves
performance more greatly than does an increase in the number of administrative sanctions, while an
increase in the average administrative sanction magnitude improves performance more greatly than
does an increase in the average civil sanction magnitude.
(7b) In terms of general deterrence, an increase in the number of civil sanctions improves
performance more strongly than does an increase in the number of administrative sanctions.
(8) Differences also exist between administrative sanctions and civil sanctions when we consider
specific types of sanctions.  We base our conclusions on the most comprehensive measure of
environmental performance: BOD/TSS relative discharges, while assessing the robustness of our
conclusions.
(8a) Federal administrative fines are more effective than federal civil fines, in terms of specific
deterrence, at inducing better BOD/TSS-related performance. [Our results for TSS-related
environmental performance also support this conclusion.]  However, in terms of general deterrence,
federal civil fines are more effective than federal administrative fines. [Our results for the other
performance measures also support this conclusion, but the evidence for TSS-related and BOD-
related performance is mixed.]
(8b)  In contrast to fines, federal administrative SEPs and federal civil SEPs, in terms of specific
deterrence, comparably affect BOD/TSS-related performance.  Yet similar to fines, in terms of
general deterrence, federal civil SEPs are more effective than administrative SEPS at inducing better
BOD/TSS-related performance. [Our results for BOD-related performance also support this
conclusion.]
(8c) Similar to both fines and SEPs, in terms of general deterrence, federal civil injunctive relief
sanctions are more effective than administrative injunctive relief sanctions at inducing better
BOD/TSS-related performance.   [However, our results for both BOD-related and exceedance-related
performance indicate an opposite conclusion.]
(9) Non-fine sanctions are more effective than fines, in terms of both specific deterrence and general
deterrence, at inducing better environmental performance, measured by relative discharges.  This
conclusion extends to the comparison of fines and injunctive relief.  In terms of both specific
deterrence and general deterrence, injunctive relief sanctions are more effective than fines.
Similarly, SEPs are more effective than fines, in terms of specific deterrence, at inducing better
environmental performance.  However, in terms of general deterrence, fines are more effective than
SEPs.
(10) State fines are more effective than federal fines, in terms of specific deterrence, at inducing
better BOD/TSS-related environmental performance.  In contrast, federal fines are more effective
than state fines, in terms of specific deterrence, at inducing better BOD-related environmental
performance.  In terms of general deterrence, state fines and federal fines are comparably effective
at inducing better environmental performance measured by BOD/TSS-related or TSS-related relative
discharges.  Results based on TSS-related performance are mixed for specific deterrence.  Yet, in
terms of general deterrence, federal fines are more effective than state fines at inducing better TSS-
related performance.  Lastly, federal fines and state fines comparably affect the count of effluent
limit exceedances in terms of specific deterrence; the results for general deterrence are mixed.
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(11) The type of enforcement approach – cooperative versus coercive – does not affect
environmental performance.
(12) Based on our examination of survey responses, there seems to be a hierarchy of government
intervention tools according to how effective they are perceived by our survey respondents at
inducing compliance with NPDES effluent limits:  inspections (especially state inspections) are
viewed by the greatest percentage of the respondents as being effective, followed by monetary fines,
SEPs, and, finally, court injunctions.

By accomplishing Objective 3, we generate the following findings and conclusions:

(1) Our results reject the hypothesis of initial penalty neutrality, which stems from the conjecture that
specific deterrence stems solely from a notion of general deterrence.  Specific deterrence does not
appear to follow simply from an updating to the ex ante size of a fine or the ex ante likelihood of a
fine.  Instead, the actual imposition of a fine appears to convey some other information to facilities.
(2) Fine likelihood and fine size comparably affect the environmental behavioral decisions in the
constructed hypothetical scenarios.  This result confirms the theoretical notion that the product of
these two components – likelihood and size – drives behavioral decisions.

By accomplishing Objective 4, we generate the following findings and conclusions:

(1) Facilities owned by publicly-held firms outperform facilities owned by privately-held firms, in
that the former category of facilities generates better environmental performance.
(2) Larger facilities underperform smaller facilities, in that the former category of facilities generates
worse environmental performance.
(3) Facilities facing higher marginal compliance costs underperform their counterparts, in that the
former category of facilities generates worse environmental performance.
(4) Facility characteristics also influence the effectiveness of specific deterrence and general

deterrence.
(4a)  Federal inspection-related general deterrence is less effective against organic chemical facilities
but more effective against other chemical facilities than against the average chemical facility.
(4b) Federal inspection-related specific deterrence is more effective against facilities experiencing
higher discharge volatility.  However, federal inspection-related general deterrence is less effective
against these facilities.
(4c)  Federal inspection-related general deterrence is more effective against facilities facing higher
marginal compliance costs.  However, federal inspection-related specific deterrence is less effective
against these facilities.
(4d)  State inspection-related specific deterrence is less effective against facilities enjoying higher
[i.e., less stringent] effluent limits.
(4e) State inspection-related general deterrence is more effective against facilities facing final permit
limits.
(4f) Federal inspection-related general deterrence is more effective against facilities with modified
permits; it less effective against facilities facing higher marginal compliance costs.  (4g) The
effectiveness of federal civil sanction-related deterrence is independent of facility characteristics.
(5) Firm-level ownership structure influences the effectiveness of inspection- and sanction-related
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deterrence at inducing better environmental performance.  However, the direction of this influence
depends on the performance measure.  For example, federal inspection-related general deterrence
is less effective against facilities owned by publicly-held firms than against facilities owned by non-
publicly-held firms at lowering relative discharges, but federal inspection-related general deterrence
is more effective at lowering the count of effluent limit exceedances when confronting facilities
owned by publicly-held firms.

By accomplishing Objective 5, we generate the following finding and conclusion:

(1) environmental behavior strongly and robustly influences environmental performance: better
environmental behavior leads to better environmental performance, i.e., better compliance,
specifically lower discharges relative to permitted effluent limits for all regulated pollutants.

By accomplishing Objective 6, we generate the following findings and conclusions:

(1) Several proxies for community pressure affect environmental performance.  In particular,
communities that are more wealthy (measured by per capita income), white, Democratic party loyal,
urban, unemployed, uneducated, elderly, dependent on chemical manufacturing for their private
earnings, politically active (measured by the voter turnout rate), and urban seem to induce better
performance.
(1a) Communities suffering higher unemployment rates enjoy better environmental performance.
This result runs counter to the expectation that communities facing higher unemployment would
worry more about economic development than about applying pressure for better environmental
quality.
(1b) Communities that vote more often suffer worse BOD-related performance, while enjoying better
TSS-related performance.  The latter result is consistent with the expectation that more politically
active communities would apply more effective pressure for better environmental quality.
(1c) Communities that vote more greatly for Democratic presidential candidates enjoy better
environmental performance.  This result is consistent with the possible expectation that Democratic
voters would be more concerned about environmental quality.
(1d) Better educated communities suffer worse BOD-related performance and effluent limit
exceedance-related performance.  These results run counter to the expectation that better educated
communities would be better able to appreciate environmental quality and/or be better positioned
to apply effective pressure for better environmental quality.
(1e) More rural communities enjoy better BOD-related performance, while urban communities
enjoyed better TSS-related performance.
(1f) Communities consisting of more homeowners suffer worse BOD-related performance, while
enjoying better TSS-related performance.  The latter result is consistent with the expectation that
homeowners would take more “ownership” over their communities and pressure local facilities for
better environmental performance.
(1g) More elderly communities enjoy both better BOD- and TSS-related performance.  These results
are consistent with the expectation that elderly people would possess a stronger connection to their
communities and pressure facilities for better environmental performance.
(1h) More wealthy communities enjoy better BOD- and TSS-related performance, while suffering
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worse exceedance-related performance.  The former results are consistent with the expectation that
environmental quality is a normal good so that increases in wealth would prompt increased demand
for environmental quality.
(1i) Communities more dependent on chemical manufacturing for their private earnings enjoy better
TSS-related performance.  This result runs counter to the expectation that greater dependency would
prompt communities to scale back any demands on local facilities for better environmental
performance.
(1j) Less white communities suffer worse TSS-related performance, while enjoying better
exceedance-related performance.  The former result lends some support for the concern of
environmental justice.
(1k) In sum, the use of community pressure proxies does not generate results that lead to a general
conclusion about the influence of local community pressure on environmental performance.
(2) In contrast to the use of community pressure proxies, based on direct measures of community
pressure subjectively reported by respondents to our survey, our analysis indicates that greater
community pressure leads to better environmental performance.

By accomplishing Objective 7, we generate the following findings and conclusions:

(1) Better financial performance neither begets nor undermines good environmental performance,
yet greater financial resource availability improves environmental performance, based on the most
comprehensive measure of performance: BOD/TSS relative discharges.  However, this conclusion
is not fully robust to the choice of performance measure or choice of financial status measures.
(2) Specific and general deterrence stemming from both inspections and federal administrative
sanctions depend on the financial status of the firm owning the relevant facility.  For example,
facilities owned by firms enjoying greater financial resource availability respond less strongly to
general deterrence stemming from federal civil sanctions than do facilities owned by firms suffering
lesser resource availability.  In other words, the threat of federal civil sanctions is less productive
against resource-laden firms.
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Table 1

Summary Statistics

Table 1.a. Environmental Performance Measures

Variable N Mean
Standard
Deviation

Min Max

Monthly Frequency of Limit Exceedances 32,019 0.318 0.904 0 41.000

BOD Relative Discharges 20,398 0.316 0.355 0 9.871

BOD Relative Discharges (logs) 20,398 -1.913 1.230 -10.617 2.253

TSS Relative Discharges 23,228 0.282 0.341 0 10.521

TSS Relative Discharges (logs) 23,228 -1.598 1.103 -11.364 2.206

1.b. Non-Financial Regressors

Variable N Mean Std Dev Min Max

Preceding 12-month Cumulative EPA Inspections 32,019 0.0876 0.3342 0 4

Preceding 12-month Cumulative State Inspections 32,019 1.3554 1.8053 0 27

Annual EPA Inspections of Others / # of Others 32,019 0.0803 0.0763 0 0.7273

Annual State Inspections of Others / # of Others 32,019 1.2807 1.2581 0 9.625

Preceding 12-month Cumulative Admin Sanctions 32,019 0.0448 0.2738 0 4

Preceding 12-month Avg Admin Sanction ($/action) 32,019 3,227.74 111,289.73 0 8,225,931

Preceding 12-month Cumulative Civil Sanctions 32,019 0.0014 0.0461 0 2

Preceding 12-month Avg Civil Sanction ($/action) 32,019 235.5592 10,187.30 0 556,881

Annual Admin Sanctions on Others / # of Others 32,019 0.0410 0.0531 0 0.15

Annual Average Admin Sanction on Others ($/action) 32,019 59,995.07 128,615.55 0 587,827.64

Annual Civil Sanctions on Others / # of Others 32,019 0.0020 0.0058 0 0.0370

Annual Average Civil Sanction on Others ($/action) 32,019 64,255.97 202,684.31 0 1,266,976

State and Local Budget / # of businesses ($ per) 32,019 43,308.0566 33.2060 9.1576 566.9950

EPA Regional Budget / # of businesses ($ per) 32,019 677.5628 154.4321 473.7963 1,229.3

EPA Overall Budget / # of businesses ($ per) 32,019 17,489.4022 1.5933 15.7866 20.6167

Region 2 (1,0) 32,019 0.0801 0.2714 0 1

Region 3 (1,0) 32,019 0.1245 0.3301 0 1

Region 4 (1,0) 32,019 0.2600 0.4386 0 1

Region 5 (1,0) 32,019 0.1221 0.3274 0 1

Region 6 (1,0) 32,019 0.3266 0.4690 0 1

Publicly-Held Ownership (1,0) 32,019 0.6300 0.48282 0 1

SICO1:alkalies/chlorine, gases, inorganic pigments a 32,019 0.0761 0.2652 0 1

SICO2: organic fibers, surface agents, adhesives a 32,019 0.0535 0.2250 0 1
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SICO3: toilet preparations, pharmaceuticals a 32,019 0.0608 0.2390 0 1

SIC19: industrial inorganics a 32,019 0.1271 0.3331 0 1

SIC21: plastic materials and resins a 32,019 0.1962 0.3971 0 1

SIC65: cyclic crudes and intermediates a 32,019 0.0518 0.2217 0 1

SIC69: industrial organics a 32,019 0.2427 0.4287 0 1

Flow Capacity (million gallons / day) 32,019 2.4180 4.3171 0.0007 65.0417

Flow to Flow Capacity (ratio) 32,019 1.0775 2.1378 0 203.5254

Winter Season (1,0) 32,019 0.2575 0.4373 0 1

Spring Season (1,0) 32,019 0.2729 0.4455 0 1

Summer Season (1,0) 32,019 0.2426 0.4287 0 1

Unemployment (rate) 32,019 0.0532 0.0198 0.009 0.158

Voter Turnout (rate) 32,019 0.3750 0.0561 0.2235 0.5320

Democratic Vote (proportion) 32,019 0.4702 0.0901 0.2182 0.8252

Bachelor’s Degree or more (proportion) 32,019 0.1827 0.0897 0.025 0.703

Population Density (person/sq mile) 32,019 684.8056 1,245.4 14.8 11,412.3

Owner Occupied Housing (proportion) 32,019 0.6551 0.1182 0.297 0.942

Median Age (years) 32,019 35.4351 3.9474 22 49

Family Households w/ Children (proportion) 32,019 0.4812 0.0543 0.2585 0.6835

Family Households (proportion) 32,019 0.6843 0.0766 0.388 0.8778

Male Residents (per 100 females) 32,019 89.5252 10.7173 69.7 194.78

Per Capita Income ($/person) 32,019 22,600.82 4,841.08 12,955 50,002

Chemical-Related Private Earnings (proportion) 32,019 0.0993 0.1113 0 0.6067

Non-White Residents (proportion) 32,019 0.2534 0.1987 0 0.9110

a The omitted category for industrial sub-sector is “other”, which contains these sub-sectors: 2822 (synthetic
rubber), 2841 (soaps), 2842 (polishes), 2861 (sanitation goods), 2879 (gum/wood chemicals), and
2892 (explosives).

1.c. Regressors Unique to BOD Relative Emissions

Variable N Mean Std Dev Min Maximum

Monthly Effluent Limit (lbs/day) 20,398 800.874 2437.18 0 31,686.83

Interim Limit Type (1,0) 20,398 0.0206 0.1420 0 1

Modification to Permit (1,0) 20,398 0.1017 0.3022 0 1

Standard Deviation of Relative Discharges 20,389 0.1813 0.9625 0 38.466

1.d. Regressors Unique to TSS Relative Emissions

Variable N Mean Std Dev Min Max

Monthly Effluent Limit (lbs/day) 23,228 1,283.31 4038.01 0 50,000

Interim Limit Type (1,0) 23,228 0.0162 0.1264 0 1

Modification to Permit (1,0) 23,228 0.0867 0.2815 0 1

Standard Deviation of Relative Discharges 23,228 0.1738 0.3745 0 17.0494
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1.e. Financial-Related Regressors

1.e.i.. Annual Data

Variable N Mean Std Dev Min Max

Return on Sales (ROS) 23,946 0.05592 0.06613 - 0.70808 0.31355

Return on Assets (ROA) 23,886 0.04821 0.05609 - 0.38412 0.41274

Return on Equity (ROE) 22,998 0.15646 0.61213 - 25.7943 3.97297

Return on Investment (ROI) 23,820 0.08927 0.11651 - 1.25857 0.66398

Current Ratio 22,584 1.41214 0.69057 0.12400 6.22700

Quick Ratio 23,016 0.81269 0.40417 0.08100 3.56700

Net Cash Flow Operating Activities / Sales 23,622 0.12557 0.07676 - 0.20090 0.49397

Net Cash Flow Operating Activities / Assets    23,622 0.10509 0.06473 - 0.11139 0.54923

Net Cash Flow Operating Activities / Employees 22,746 57,063 57,272 - 104,091 799,758

Net Cash Flow from All Activities / Sales 23,622 0.00179 0.05258 - 0.71353 0.34900

Net Cash Flow from All Activities / Assets    23,622 0.00067 0.04089 - 0.46212 0.24277

Net Cash Flow from All Activities / Employees 22,746 105.985 24,628 - 479,735 117,282

Liquid Assets / Sales 22,618 0.04517 0.06408 0.000033 0.82874

Liquid Assets / Total Assets 22,630 0.03600 0.04323 0.000048 0.36481

Liquid Assets / # of Employees 21,802 23,843 212,397 96.50415 6,791,254

1.e.ii. Quarterly Data

Variable N Mean Std Dev Min Max

Return on Sales (ROS) 21,799 0.05877 0.12945 - 1.54633 1.81538

Return on Assets (ROA) 21,199 0.01309 0.02023 - 0.24202 0.16629

Current Ratio 20,768 1.39498 0.57347 0.12114 6.22691

Quick Ratio 19,688 0.81620 0.35140 0.04200 3.56735

Liquid Assets / Sales 20,984 0.21200 0.29920 5.223e-6 4.28435

Liquid Assets / Total Assets 21,545 0.04171 0.04930 1.592e-6 0.40769
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Table 2

Correlations between Measures of Financial Performance and
Measures of Available Financial Resources

2.a. Annual Data

2.a.i. Measures of Financial Performance: Correlations and p-values (in brackets)

Return on Sales
(ROS)

Return on Assets
(ROA)

Return on Equity
(ROE)

Return on Assets
  (ROA)

0.89093
[0.0001]
N=23,886

Return on Equity
  (ROE)

0.43054
[0.0001]
N=22,998

0.46547
[0.0001]
N=22,998

Return on Investment
  (ROI)

0.81327
[0.0001]
N=23,820

0.89068
[0.0001]
N=23,820

0.51486
[0.0001]
N=22,998



190

2.a.ii. Measures of Available Financial Resources: Correlations and p-values (in brackets)

Current
Ratio

Quick
Ratio

Net Cash
Flow

Operating
Activities /

Sales

Net Cash
Flow

Operating
Activities /

Assets

Net Cash
Flow

Operating
Activities /
Employees

Net Cash
Flow
All

Activities /
Sales

Net Cash
Flow
All

Activities /
Assets

Net Cash
Flow
All

Activities /
Employees

Liquid
Assets /

Sales

Liquid
Assets /

Employees

Quick Ratio
0.88563
[0.0001]

N=22,584

Net Cash Flow
Operating
Activities /
Sales

0.01981
[0.0031]

N=22,308

0.10105
[0.0001]

N=22,740

Net Cash Flow
Operating
Activities /
Assets

0.01496
[0.0245]

N=22,308

0.06970
[0.0001]

N=22,740

0.78075
[0.0001]

N=23,622

Net Cash Flow
Operating
Activities /
Employees

- 0.11173
[0.0001]

N=21,432

- 0.02727
[0.0001]

N=21,864

0.51512
[0.0001]

N=22,746

0.49700
[0.0001]

N=22,746

Net Cash Flow
All Activities /
Sales

0.07781
[0.0001]

N=22,308

0.18028
[0.0001]

N=22,740

0.14092
[0.0001]

N=23,622

0.10291
[0.0001]

N=23,622

0.04662
[0.0001]

N=22,746

Net Cash Flow
All Activities /
Assets

0.08944
[0.0001]

N=22,308

0.18618
[0.0001]

N=22,740

0.14506
[0.0001]

N=23,622

0.13773
[0.0001]

N=23,622

0.06351
[0.0001]

N=22,746

0.96961
[0.0001]

N=23,622

Net Cash Flow
All Activities /
Employees

- 0.02549
[0.0002]

N=21,432

0.06934
[0.0001]

N=21,864

0.13036
[0.0001]

N=22,746

0.11900
[0.0001]

N=22,746

- 0.04374
[0.0001]

N=22,746

0.72165
[0.0001]

N=22,746

0.70825
[0.0001]

N=22,746

Liquid Assets /
Sales

0.28919
[0.0001]

N=21,844

0.41212
[0.0001]

N=21,844

0.17346
[0.0001]

N=22,354

0.05275
[0.0001]

N=22,354

0.03210
[0.0001]

N=21,538

0.392890
[0.0001]

N=22,354

0.37190
[0.0001]

N=22,354

0.03926
[0.0001]

N=21,538

Liquid Assets /
Employees

0.17461
[0.0001]

N=21,028

0.17279
[0.0001]

N=21,028

- 0.01976
[0.0037]

N=21,538

- 0.03559
[0.0001]

N=21,538

0.22278
[0.0001]

N=21,538

0.00151
[0.8251]

N=21,538

0.01686
[0.0133]

N=21,538

- 0.57513
[0.0001]

N=21,538

0.45480
[0.0001]

N=21,802

Liquid Assets /
Total Assets

0.28657
[0.0001]

N=21,856

0.43903
[0.0001]

N=21,856

0.16261
[0.0001]

N=22,354

0.16196
[0.0001]

N=22,354

0.00682
[0.3166]

N=21,538

0.41761
[0.0001]

N=22,354

0.42561
[0.0001]

N=22,354

0.15921
[0.0001]

N=21,538

0.92685
[0.0001]

N=22,618

0.29680
[0.0001]

N=21,802
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2.b. Quarterly Data

2.b.i. Measures of Financial Performance: Correlation and p-value (in brackets)

Return on Sales (ROS)

Return on Assets (ROA)
0.75254
[0.0001]

N=21,178

2.b.ii. Measures of Available Financial Resources: Correlations and p-values (in brackets)

Current Ratio Quick Ratio Liquid Assets / Sales

Quick Ratio
0.85943
[0.0001]

N=19,256

Liquid Assets / Sales
0.22127
[0.0001]

N=19,760

0.36417
[0.0001]

N=19,193

Liquid Assets / Total Assets
0.30800
[0.0001]

N=20,297

0.48528
[0.0001]

N=19,688

0.84726
[0.0001]

N=20,984
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Table 3

Estimation of BOD Relative Discharges (logged)

Variable
Pooled OLS Random Effects Fixed Effects

Coefficient P-value Coefficient P-value Coefficient P-value

Preceding 12-month Cumulative
  EPA Inspections

- 0.0285 0.2278 - 0.03446 0.0562 - 0.03553 0.0501

Preceding 12-month Cumulative
  State Inspections

0.00055411 0.9205 0.00730 0.1923 0.00626 0.2672

Annual EPA Inspections of Others /
  # of Others

- 0.05603 0.7570 0.07125 0.5817 0.06727 0.6059

Annual State Inspections of Others /
  # of Others

0.03395 0.0003 0.06393 0.0001 0.06170 0.0001

Preceding 12-month Cumulative
  Admin Sanctions

0.20817 0.0001 0.04269 0.0878 0.04422 0.0784

Preceding 12-month Avg Admin
  Sanction

- 1.21e-07 0.0435 - 1.18e-07 0.0073 - 1.18e-07 0.0075

Preceding 12-month Cumulative
  Civil Sanctions

0.17198 0.4437 - 0.52146 0.0021 - 0.53663 0.0016

Preceding 12-month Avg Civil
  Sanction

- 0.0000035 0.0002 1.33e-06 0.0540 1.37e-06 0.0474

Annual Admin Sanctions on Others /
  # of Others

- 0.30756 0.3303 1.00193 0.0001 0.98810 0.0001

Annual Average Admin Sanction
  on Others

5.38e-08 0.6126 2.48e-08 0.7608 2.37e-08 0.7733

Annual Civil Sanctions on Others /
  # of Others

- 12.31464 0.0001 - 8.15503 0.0001 - 7.92676 0.0001

Annual Average Civil Sanction
  on Others

3.27e-07 0.0001 2.63e-07 0.0001 2.57e-07 0.0001

State and Local Budget /
  # of businesses

0.00146 0.0025 0.00052 0.5452 0.00075 0.4008

EPA Regional Budget /
  # of businesses

0.00082242 0.0001 0.00113 0.0001 0.00116 0.0001

EPA Overall Budget /# of businesses - 0.089 0.0001 - 0.07673 0.0001 - 0.07618 0.0001

Region 2 - 0.33199 0.0001 - 0.80376 0.1012 N/A

Region 3 0.12458 0.0380 - 0.28801 0.5214 N/A

Region 4 0.53165 0.0001 0.21114 0.621 N/A

Region 5 0.72466 0.0001 - 0.14162 0.7638 N/A

Region 6 0.23757 0.0005 - 0.32289 0.4499 N/A

Monthly Effluent Limit - 0.0000446 0.0001 - 0.00026 0.0001 - 0.00042 0.0001

Interim Limit Type 0.49856 0.0001 - 0.19814 0.0001 - 0.20400 0.0001

Modification to Permit 0.03449 0.2214 - 0.11758 0.0012 - 0.12326 0.0008

Publicly-Held Ownership - 0.03928 0.0340 - 0.06807 0.0023 - 0.06709 0.0031

SICO1 - 0.0409 0.4354 0.17610 0.7412 N/A
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SICO2 - 0.06409 0.1221 - 0.00632 0.9885 N/A

SICO3 - 0.30997 0.0001 0.28776 0.5033 N/A

SIC19 - 0.18737 0.0001 - 0.23919 0.5034 N/A

SIC21 0.22934 0.0001 0.26054 0.3694 N/A

SIC65 - 0.59664 0.0001 - 0.59721 0.1375 N/A

SIC69 0.19939 0.0001 0.35744 0.2034 N/A

Flow Capacity 0.02667 0.0001 0.07279 0.0001 0.07275 0.0001

Flow to Flow Capacity Ratio - 0.02942 0.0001 0.00297 0.5159 0.00342 0.4571

Std Deviation of Relative Discharges 0.09440 0.0001 0.03407 0.0001 0.03315 0.0001

Winter Season 0.18732 0.0001 0.19122 0.0001 0.19124 0.0001

Spring Season 0.12959 0.0001 0.12014 0.0001 0.11939 0.0001

Summer Season 0.05710 0.0154 0.02841 0.0798 0.02661 0.1021

Unemployment - 4.54041 0.0001 - 3.52847 0.0001 - 4.09001 0.0001

Voter Turnout -0.19833 0.3959 2.96389 0.0001 3.52772 0.0001

Democratic Vote 0.63181 0.0001 - 0.98449 0.0327 - 0.93586 0.0602

Bachelor’s Degree or more 0.43304 0.0004 1.77463 0.1138 0.43304 0.0004

Population Density - 0.0001404 0.0001 0.00014 0.1347 0.00111 0.0001

Owner Occupied Housing 0.9763 0.0001 1.66731 0.0501 2.59903 0.0148

Median Age - 0.02989 0.0001 - 0.00830 0.7647 - 0.02989 0.0001

Family Households w/ Children 0.80605 0.0047 6.73664 0.0001 7.85591 0.0001

Family Households 0.16969 0.5484 - 0.75455 0.5872 - 2.01927 0.2422

Male Residents - 0.0003856 0.6836 - 0.00069 0.8740 - 0.00127 0.8013

Per Capita Income - 0.0000075 0.0091 - 0.00007 0.0001 - 0.00010 0.0001

Chemical-Related Private Earnings - 0.28285 0.0048 - 0.46379 0.3153 - 0.32150 0.5599

Non-White Residents 0.3875 0.0001 0.73007 0.0815 0.87662 0.1543

Inverse Mills Ratio - 2.68841 0.0001 0.32973 0.2440 0.36489 0.2010

Adjusted R-squared 0.1326 0.0421 0.5991

Number of Observations 20,388 20,388 20,388

Regression also includes an intercept term.
Hausman Test for Random Effects: statistic = 83.74, degrees of freedom = 39, p-value = 0.001
F-Test for Fixed Effects:  statistic = 74.57, degrees of freedom = 341, p-value = 0.0001
The sample includes only those observations where a legal limit applies and emissions are reported.
The analysis uses a two-stage estimation process when estimating the reporting and performance equations.

To help identify these two equations, the analysis excludes two variables.  An LR test confirms these
variables are insignificantly different from zero when tested collectively.
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Table 4
Estimation of TSS Relative Discharges (logged)

Variable
Pooled OLS Random Effects Fixed Effects

Coeff P-value Coeff P-value Coeff P-value

Preceding 12-month Cumulative
  EPA Inspections

0.0406 0.0428 - 0.0127 0.4003 - 0.0116 0.4439

Preceding 12-month Cumulative
  State Inspections

- 0.079 0.0001 -0.0411 0.0001 - 0.0412 0.0001

Annual EPA Inspections of Others /
  # of Others

- 0.1444 0.3391 - 0.1033 0.3365 - 0.0847 0.4344

Annual State Inspections of Others /
  # of Others

0.0101 0.1964 - 0.0247 0.0124 - 0.0235 0.0200

Preceding 12-month Cumulative
  Admin Sanctions

0.0652 0.0088 0.0292 0.1471 0.0277 0.1713

Preceding 12-month Avg Admin
  Sanction

1.02e-7 0.0546 - 3.00e-8 0.4437 - 3.19e-8 0.4171

Preceding 12-month Cumulative
  Civil Sanctions

0.4118 0.0147 0.0414 0.7436 0.0421 0.7404

Preceding 12-month Avg Civil
  Sanction

- 2.21e-6 0.0039 6.44e-7 0.2527 6.36e-7 0.2603

Annual Admin Sanctions on Others /
  # of Others

0.4479 0.0885 0.3001 0.1121 0.3325 0.0808

Annual Average Admin Sanction
  on Others

- 1.89e-7 0.0348 - 2.09e-7 0.0023 - 2.09e-7 0.0025

Annual Civil Sanctions on Others /
  #of Others

- 2.6581 0.2595 1.6660 0.3187 2.0037 0.2354

Annual Average Civil Sanction
  on Others

- 1.19e-7 0.0606 - 2.36e-7 0.0001 - 2.47e-7 0.0001

State and Local Budget /
  # of Businesses

8.743e-4 0.0290 - 0.00027 0.7283 - 0.0001 0.2192

EPA Regional Budget /
  # of Businesses

7.349e-4 0.0001 0.00049 0.0012 0.0004 0.0099

EPA Overall Budget /
  # of Businesses

0.0394 0.0001 0.0262 0.0016 0.0374 0.0001

Region 2 - 0.1762 0.0003 - 0.0239 0.9446 N/A

Region 3 - 0.039 0.4600 0.1550 0.6333 N/A

Region 4 0.2129 0.0023 - 0.14322 0.6366 N/A

Region 5 0.7936 0.0001 0.6650 0.0456 N/A

Region 6 - 0.1856 0.0042 - 0.3179 0.3077 N/A

Monthly Effluent Limit - 1.98e-5 0.0001 - 0.00001 0.0093 - 8.50e-6 0.0578

Interim Limit Type - 0.1061 0.0515 0.0036 0.9375 - 0.0024 0.9578
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Modification to Permit - 0.044 0.0984 - 0.1301 0.0002 - 0.1322 0.0002

Publicly-Held Ownership - 0.0095 0.5306 0.0036 0.8478 0.0071 0.7108

SICO1 - 0.5462 0.0001 - 0.3946 0.1669 N/A

SICO2 - 0.5750 0.0001 - 0.4015 0.2034 N/A

SICO3 - 1.0899 0.0001 - 0.8943 0.0081 N/A

SIC19 - 0.4026 0.0001 - 0.2129 0.3920 N/A

SIC21 - 0.1874 0.0001 - 0.0448 0.8416 N/A

SIC65 - 0.3269 0.0001 - 0.2879 0.3682 N/A

SIC69 - 0.3298 0.0001 - 0.1592 0.4636 N/A

Flow Capacity - 0.0062 0.0191 0.0543 0.0001 0.0602 0.0001

Flow to Flow Capacity Ratio 0.0184 0.0001 0.0195 0.0001 0.0198 0.0001

Std Dev of Relative Discharges 0.4873 0.0001 0.2145 0.0001 0.2095 0.0001

Winter Season 0.0642 0.0012 0.0815 0.0001 0.0808 0.0001

Spring Season 0.0497 0.0110 0.0653 0.0001 0.0645 0.0001

Summer Season 0.0195 0.3227 0.0269 0.0463 0.0263 0.0526

Unemployment - 5.6557 0.0001 - 4.0077 0.0001 - 3.8506 0.0001

Voter Turnout 0.4171 0.0306 - 0.5491 0.3219 - 0.9713 0.1106

Democratic Vote 0.1064 0.3553 - 1.1986 0.0013 - 1.4450 0.0004

Bachelor’s Degree or more 0.0584 0.5472 0.7907 0.3247 0.0584 0.5472

Population Density 2.487e-5 0.0105 - 0.00006 0.3622 - 0.0008 0.0002

Owner Occupied Housing 0.03115 0.8185 - 1.5512 0.0188 - 3.0966 0.0003

Median Age - 0.0111 0.0006 - 0.0040 0.8517 - 0.0111 0.0006

Family Households w/ Children 0.6559 0.0073 - 0.9823 0.2064 - 2.0054 0.0209

Family Households 0.9473 0.0001 5.2481 0.0001 9.4517 0.0001

Male Residents -0.00298 0.0001 - 0.0013 0.6979 - 0.0063 0.1217

Per Capita Income - 2.45e-5 0.0001 - 0.00004 0.0001 - 0.00002 0.0098

Chemical-Related Private Earnings - 0.0217 0.7907 - 0.5167 0.1727 - 1.0613 0.0238

Non-White Residents - 0.0498 0.3583 1.1139 0.0006 2.1236 0.0001

Inverse Mills Ratio - 4.2105 0.0001 - 2.6524 0.0001 - 2.6802 0.0001

Adjusted R-squared 0.1323 0.0361 0.6024

Number of Observations 23,201 23,201 23,201

Regression also includes an intercept term.
Hausman Test for Random Effects: statistic = 53.62, degrees of freedom = 39, p-value = 0.0596
F-Test for Fixed Effects:  statistic = 71.36, degrees of freedom = 405, p-value = 0.0001
The sample includes only those observations where a legal limit applies and emissions are reported.
The analysis uses a two-stage estimation process when estimating the reporting and performance equations.

To help identify these two equations, the analysis excludes two variables.  An LR test confirms these
variables are insignificantly different from zero when tested collectively.
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Table 5

Estimation of Monthly Effluent Limit Exceedances

Variable
Pooled OLS Random Effects Fixed Effects

Coefficient P-value Coefficient P-value Coefficient P-value

Preceding 12-month Cumulative
  EPA Inspections

0.06379 0.0001 0.01683 0.2560 0.01568 0.2932

Preceding 12-month Cumulative
  State Inspections

0.03748 0.0001 0.00434 0.3201 0.00321 0.4698

Annual EPA Inspections of Others /
  # of Others

0.29109 0.0054 - 0.03774 0.6991 - 0.07453 0.4508

Annual State Inspections of Others /
  # of Others

- 0.02889 0.0001 0.02654 0.0035 0.03272 0.0006

Preceding 12-month Cumulative
  Admin Sanctions

0.19430 0.0001 0.03724 0.0599 0.03149 0.1146

Preceding 12-month Avg Admin
  Sanction

5.25e-09 0.9088 - 7.17e-08 0.1047 - 7.48e-08 0.0921

Preceding 12-month Cumulative
  Civil Sanctions

0.16871 0.2486 - 0.02975 0.8354 - 0.05748 0.6900

Preceding 12-month Avg Civil
  Sanction

- 5.89e-07 0.3747 - 6.93e-09 0.9913 6.91e-08 0.9143

Annual Admin Sanctions on Others /
  # of Others

0.49641 0.0105 0.19968 0.2765 0.20588 0.2671

Annual Average Admin Sanction
  on Others

- 5.78e-08 0.3699 2.23e-08 0.7311 1.60e-08 0.8096

Annual Civil Sanctions on Others /
  # of Others

- 0.48975 0.7682 - 0.55276 0.7160 - 0.57523 0.7093

Annual Average Civil Sanction
  on Others

1.93e-09 0.9661 7.69e-09 0.8561 2.06e-08 0.6379

State and Local Budget /
  # of businesses

0.000112 0.5757 - 0.00096 0.1223 - 0.00099 0.1899

EPA Regional Budget /
  # of businesses

0.000173 0.0760 0.000071 0.6044 0.00012 0.3936

EPA Overall Budget /# of businesses - 0.02097 0.0001 - 0.01783 0.0038 - 0.01723 0.0212

Region 2 - 0.18581 0.0001 - 0.27123 0.0714 N/A

Region 3 0.12528 0.0001 0.06876 0.6357 N/A

Region 4 - 0.04440 0.2911 - 0.00963 0.9456 N/A

Region 5 0.04883 0.2937 - 0.10296 0.4841 N/A

Region 6 - 0.18752 0.0001 - 0.12647 0.3559 N/A

Interim Limit Type 0.01998 0.6008 0.01382 0.7415 0.01136 0.7892

Modification to Permit - 0.00185 0.9276 0.06593 0.0394 0.07751 0.0191

Publicly-Held Ownership - 0.05301 0.0001 - 0.01823 0.2972 - 0.01552 0.3947

SICO1 0.17581 0.0001 0.14337 0.2648 N/A

SICO2 - 0.04662 0.0662 - 0.10345 0.4742 N/A
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SICO3 - 0.14700 0.0001 - 0.19570 0.1802 N/A

SIC19 0.03561 0.0603 - 0.03210 0.7643 N/A

SIC21 - 0.02501 0.1416 - 0.03111 0.7521 N/A

SIC65 0.00594 0.8177 - 0.02882 0.8461 N/A

SIC69 0.07255 0.0001 0.01791 0.8489 N/A

Flow Capacity 0.00791 0.0001 0.00291 0.4311 0.00020 0.9633

Flow to Flow Capacity Ratio - 0.00193 0.4082 - 0.00014 0.9493 - 0.00026 0.9044

Winter Season 0.04459 0.0020 0.04847 0.0002 0.04838 0.0002

Spring Season - 0.00228 0.8733 0.00232 0.8561 0.00212 0.8690

Summer Season 0.01955 0.1793 0.01996 0.1248 0.01966 0.1318

Unemployment - 1.46681 0.0001 - 1.15431 0.0837 - 0.90661 0.2025

Voter Turnout 0.10322 0.4506 0.05509 0.9023 - 0.53540 0.3504

Democratic Vote - 0.44481 0.0001 - 0.31722 0.2835 - 0.52036 0.1932

Bachelor’s Degree or more 0.38600 0.0001 0.49608 0.2140 0.38600 0.0001

Population Density 5.87e-07 0.9231 1.87e-06 0.9507 - 0.00016 0.4037

Owner Occupied Housing - 0.30829 0.0021 - 0.13524 0.7628 0.38372 0.6539

Median Age 0.00781 0.0014 0.00115 0.9194 0.00781 0.0014

Family Households w/ Children - 0.19432 0.2809 0.20037 0.7520 1.44521 0.0916

Family Households 1.26454 0.0001 0.97624 0.1850 0.59477 0.6615

Male Residents - 0.000639 0.2520 - 0.00440 0.0713 - 0.00137 0.7329

Per Capita Income - 0.0000079 0.0001 4.16e-06 0.4752 0.00002 0.0211

Chemical-Related Private Earnings - 0.14771 0.0165 0.26783 0.3157 0.50099 0.2731

Non-White Residents 0.26043 0.0001 - 0.17528 0.3724 - 2.24450 0.0001

Adjusted R-squared 0.0286 0.0047 0.2346

Number of Observations 32,019 32,019 32,019

Regression also includes an intercept term.
Hausman Test for Random Effects: statistic = 47.58, degrees of freedom = 35, p-value = 0.0762
F-Test for Fixed Effects:  statistic = 17.49, degrees of freedom = 504, p-value = 0.0001
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Table 6

Differences between Effects of Paired Interventions
on Corporate Environmental Performance:

Results of F-Tests a

Table 6.a. Comparison of Federal and State Inspections

Comparison
BOD TSS All Exceedances

F-value P-value F-value P-value F-value P-value

Specific Deterrence 4.76 0.029 3.02 0.082 0.64 0.422

General Deterrence 0.10 0.966 0.53 0.465 0.43 0.511

Table 6.b. Comparison of EPA Administrative and Federal Civil Sanctions

Comparison
BOD TSS All Exceedances

F-value P-value F-value P-value F-value P-value

Specific Deterrence

Number of Sanctions 11.7 0.001 0.01 0.923 0.22 0.640

Average Magnitude 4.62 0.032 1.43 0.232 0.01 0.919

General Deterrence

Number of Sanctions 19.73 0.000 0.67 0.415 0.24 0.621

Average Magnitude 7.64 0.006 0.15 0.701 0.05 0.828

a Based on the fixed effects model for BOD discharges and the random effects model for TSS
discharges and all limit exceedances.  Both models exclude interactions between deterrence
measures and facility/firm characteristics, exclude financial-related regressors, and use the sample
of all facilities regardless of ownership structure.
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Table 7

Multiple Fixed Effects Estimations of TSS-Related Environmental Performance:
Inclusion of Financial Status as Regressor

Exclusion of Interactions between Financial Status and Deterrence Measures
Based on Sample of Facilities Owned by Publicly-Held Firms

7.a. Annual Financial Data

Combination of Financial Status Factors Coefficients

Adj R2

F-test
of

Fixed
Effectsa

Measure of
Financial

Performance

Measure of
Available Financial Resources

Financial
Performance

Financial
Resource

Availability

ROS

Current Ratio
- 0.2821
(0.1064)

*** - 0.0166
(0.0123)

0.6136 61.61

Quick Ratio
- 0.1725
(0.1317)

- 0.0146
(0.0240)

0.6119 54.40

Net Cash Flow from Operating
  Activities / Sales

- 0.2233
(0.1328)

* 0.1289
(0.1177)

0.6120 54.54

Net Cash Flow from Operating
  Activities / Assets

- 0.2464
(0.1350)

* 0.2203
(0.1522)

0.6120 54.48

Net Cash Flow from Operating
  Activities / # of Employees

- 0.2086
(0.1334)

9.21e-8
(15.7e-8)

0.6119 54.56

Net Cash Flow from All
  Activities / Sales

- 0.2008
(0.1292)

0.2157
(0.1396)

0.6120 54.57

Net Cash Flow from All
  Activities / Assets

- 0.1991
(0.1292)

0.2447
(0.1785)

0.6120 54.57

Net Cash Flow from All
  Activities / # of Employees

- 0.1818
(0.1289)

10.33e-7
(3.44e-7)

***
0.6122 54.62

Liquid Assets / Sales
- 0.0903
(0.1314)

- 0.4878
(0.1285)

***
0.6124 54.24

Liquid Assets / Total Assets
- 0.0848
(0.1327)

- 0.6622
(0.2014)

***
0.6123 54.36

Liquid Assets / # of Employees
- 0.1788
(0.1291)

- 4.28e-8
(2.80e-8)

0.6120 54.58

ROE

Current Ratio

0.0127
(0.0102)

- 0.0142
(0.0147)

0.6119 54.79

ROI
- 0.0979
(0.0742)

- 0.0127
(0.0147)

0.6119 54.64

ROA
- 0.2153
(0.1677)

- 0.0120
(0.0147)

0.6119 54.69

a P-value equals 0.0001 for each F-test of Fixed Effects.

Sample size for benchmark model (ROS and current ratio as financial status factors):  13,913

Sample size for all non-benchmark models: 12,168

The standard erro rs are in parentheses.

The symbols *, **, and *** indicate statistical significance at the 10  %, 5  %, and 1 % levels, respectively.

Each regression also includes all regressors displayed in Table 1.b with the exception of ownership structure.
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7.b. Quarterly Financial Data

Combination of Financial Status Factors Coefficients

Adj R2

F-test of
Fixed

Effects a

Measure of
Financial

Performance

Measure of
Available Financial

Resources

Financial
Performance

Financial
Resource

Availability

ROS

Current Ratio
0.0074

(0.0644)
- 0.0078
(0.0193)

0.5930 53.72

Quick Ratio
0.0457

(0.0658)
- 0.0222
(0.0292)

0.5939 50.54

Liquid Assets / Sales
0.0447

(0.0671)
- 0.0095
(0.0255)

0.5939 51.72

Liquid Assets / Total Assets
0.0513

(0.0657)
- 0.2687
(0.1821)

0.5940 51.78

ROA Current Ratio
0.1803

(0.3731)
- 0.0194
(0.0202)

0.5939 50.65

a P-value equals 0.0001 for each F-test of Fixed Effects.

Sample size for benchmark model (ROS and current ratio as financial status factors): 12,284
Sample size for all non-benchmark models: 11,439
The standard errors are in parentheses.
The symbols *, **, and *** indicate statistical significance at the 10 %, 5 %, and 1 % levels,

respectively.
Each regression also includes all of the regressors displayed in Table 1.b with the exception of

ownership structure, which does not vary in the regression sample.
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Table 8

Fixed Effects Model Estimation of TSS-related Environmental Performance:
Inclusion of Financial Status and its Interactions with Deterrence Measures

Based on Sample of Facilities Owned by Publicly-Held Firms

8.a. Annual Financial Data

Interactive Regressors Coefficient P-value

Interactions between Return on Sales (ROS) and:

  Preceding 12-month Cumulative EPA Inspections - 0.34474 0.2251

  Preceding 12-month Cumulative State Inspections 0.18487 0.0336

  Annual EPA Inspections of Others / # of Others - 4.82695 0.0106

  Annual State Inspections of Others / # of Others - 0.05564 0.6160

  Preceding 12-month Cumulative Admin Sanction Sum ($) 0.51543 0.4478

  Preceding 12-month Cumulative Civil Sanction Sum ($) N/A N/A

  Annual Admin Sanction Sum ($) on Others / # of Others 1.84208 0.6973

  Annual Civil Sanction Sum ($) on Others / # of Others - 21.86470 0.3868

Interactions between Current Ratio and:

  Preceding 12-month Cumulative EPA Inspections 0.07193 0.0110

  Preceding 12-month Cumulative State Inspections - 0.00618 0.4982

  Annual EPA Inspections of Others / # of Others - 0.46302 0.0597

  Annual State Inspections of Others / # of Others - 0.02340 0.0175

  Preceding 12-month Cumulative Admin Sanction Sum ($) 0.02308 0.8202

  Preceding 12-month Cumulative Civil Sanction Sum ($) N/A N/A

  Annual Admin Sanction Sum ($) on Others / # of Others - 0.71384 0.2511

  Annual Civil Sanction Sum ($) on Others / # of Others 8.41649 0.0001

Sample size = 13,913
Adjusted R2 = 0.6152
F-test of Fixed Effects: statistic = 61.32, p-value = 0.0001

The regression also includes all of the non-deterrence regressors displayed in Table 1.b with the
exception of ownership structure [which does not vary in the regression sample].  It
additionally includes the simplified specific and general deterrence measures [which are
listed in the table above], return on sales (ROS) [which represents the measure of financial
performance], and the current ratio [which represents the measure of available financial
resources].
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8.b. Quarterly Financial Data

Interactive Regressors Coefficient P-value

Interactions between Return on Sales (ROS) and:

  Preceding 12-month Cumulative EPA Inspections - 0.15146 0.1950

  Preceding 12-month Cumulative State Inspections 0.13087 0.0091

  Annual EPA Inspections of Others / # of Others - 0.51294 0.6123

  Annual State Inspections of Others / # of Others - 0.11512 0.0456

  Preceding 12-month Cumulative Admin Sanction Sum ($) 0.15124 0.7074

  Preceding 12-month Cumulative Civil Sanction Sum ($) N/A N/A

  Annual Admin Sanction Sum ($) on Others / # of Others 5.68053 0.0996

  Annual Civil Sanction Sum ($) on Others / # of Others 13.71644 0.2832

Interactions between Current Ratio and:

  Preceding 12-month Cumulative EPA Inspections 0.02006 0.5543

  Preceding 12-month Cumulative State Inspections - 0.01369 0.2223

  Annual EPA Inspections of Others / # of Others - 0.31432 0.2644

  Annual State Inspections of Others / # of Others 0.00704 0.6596

  Preceding 12-month Cumulative Admin Sanction Sum ($) 0.04862 0.7118

  Preceding 12-month Cumulative Civil Sanction Sum ($) N/A N/A

  Annual Admin Sanction Sum ($) on Others / # of Others 0.86576 0.2048

  Annual Civil Sanction Sum ($) on Others / # of Others 18.88091 0.0001

Sample size = 12,284
Adjusted R2 = 0.5946
F-test of Fixed Effects: statistic = 53.70, p-value = 0.0001

The regression also includes all of the non-deterrence regressors displayed in Table 1.b with the
exception of ownership structure [which does not vary in the regression sample].  It
additionally includes the simplified specific and general deterrence measures [which are
listed in the table above], return on sales (ROS) [which represents the measure of financial
performance], and the current ratio [which represents the measure of available financial
resources].
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Table 9

Collective Significance of Interactive Terms involving
Deterrence Measures and Financial Status: Results of F-tests a

9.a. Annual Financial Data

Category of Joint Test:
All Interactions relating to Identified Category

Degrees of
Freedom b

F-value p-value

Financial Performance (ROS) 7 3.23 0.0020

Available Financial Resources (Current Ratio) 7 5.12 0.0001

Inspections 8 4.18 0.0001

Sanctions 6 3.76 0.0010

Inspections: Specific Deterrence 4 3.20 0.0124

Inspections: General Deterrence 4 4.18 0.0022

Sanctions: Specific Deterrence 2 0.45 0.6383

Sanctions: General Deterrence 4 5.43 0.0002

9.b. Quarterly Financial Data

Category of Joint Test:
All Interactions relating to Identified Category

Degrees of
Freedom b

F-value p-value

Financial Performance (ROS) 7 1.66 0.1127

Available Financial Resources (Current Ratio) 7 4.96 0.0001

Inspections 8 1.34 0.2181

Sanctions 6 5.90 0.0001

Inspections: Specific Deterrence 4 2.37 0.0501

Inspections: General Deterrence 4 1.39 0.2350

Sanctions: Specific Deterrence 2 0.11 0.8970

Sanctions: General Deterrence 4 8.81 0.0001

a F-tests are based on the fixed effects estimation of the sample that includes only facilities owned by
publicly-held firms.  The regressor sets include the non-deterrence regressors displayed in Table 1.b (with
the exception of ownership structure), the simplified specific and general deterrence measures (listed in
Table 6), the return on sales (as the measure of financial performance), the current ratio (as the measure of
available financial resources), and the interactions between deterrence and each of the financial status
components: financial performance and availability of financial resources.
b The degrees of freedom for the numerator of the F-test are shown.  The degrees of freedom for the
denominator of the F-test equal 13,568 and 11,964 for the annual data and quarterly data, respectively.
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TABLE 10

INTERACTIONS INVOLVING GOVERNMENT INTERVENTIONS

Table 10.a. Based on Estimation of Composite BOD/TSS Relative Discharges (logged)

Factor Interacted with
Government
Intervention

Government Intervention

Federal
Inspections

State
Inspections

Administrative
Penalties

Civil
Penalties

SD GD SD GD SD GD SD GD

Organic SIC 0 + + 0 — 0 —

Inorganic SIC 0 — + + 0 + 0 + 

Other SIC 0 — — — 0 — 0 0

Public ownership 0 + 0 0 — 0 0 0

Private ownership 0 — 0 0 + 0 0 0

Flow capacity 0 0 0 0 0 + — —

Flow ratio + — 0 0 0 + 0 0

Volatility — + 0 — 0 — — + 

Effluent Limit Level 0 + + 0 0 + 0 0

Initial/interim limit 0 0 — + 0 — 0 0

Final limit 0 0 0 — 0 + 0 0

Permit modification — 0 + 0 0 — 0 0

No permit modification + 0 — 0 0 + 0 0

Key : SD = specific deterrence

GD = general deterrence
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Table 10.b. Based on Estimation of BOD Relative Discharges (logged)

Factor Interacted with
Government
Intervention

Government Intervention

Federal
Inspections

State
Inspections

Administrative
Penalties

Civil
Penalties

SD GD SD GD SD GD SD GD

Organic SIC — + 0 0 0 + 0 0

Inorganic SIC 0 0 0 0 — 0 0 —

Other SIC 0 — 0 0 + — 0 + 

Public ownership 0 0 0 0 0 0 0 0

Private ownership 0 0 0 0 0 0 0 0

Flow capacity + 0 — 0 0 0 0 —

Flow ratio 0 — + 0 0 + — 0

Volatility — + 0 — — — — + 

Effluent Limit Level 0 0 + + 0 — 0 0

Initial/interim limit — 0 — + 0 0 0 0

Final limit + 0 + — 0 0 0 0

Permit modification — 0 0 0 0 — 0 0

No permit modification + 0 0 0 0 + 0 0

Key : SD = specific deterrence

GD = general deterrence
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Table 10.c. Based on Estimation of TSS Relative Discharges (logged)

Factor Interacted with
Government
Intervention

Government Intervention

Federal
Inspections

State
Inspections

Administrative
Penalties

Civil
Penalties

SD GD SD GD SD GD SD GD

Organic SIC 0 + + + — — 0 —

Inorganic SIC — — + + + + 0 + 

Other SIC 0 — — — 0 0 0 —

Public ownership 0 + 0 0 0 0 0 0

Private ownership 0 — 0 0 0 0 0 0

Flow capacity 0 0 0 0 0 0 0 —

Flow ratio + — 0 0 0 + 0 0

Volatility — + — + 0 + + 0

Effluent Limit Level 0 + + — + + 0 + 

Initial/interim limit 0 0 0 + 0 0 0 —

Final limit 0 0 0 — 0 0 0 + 

Permit modification 0 — + 0 0 — 0 —

No permit modification 0 + — 0 0 + 0 + 

Key : SD = specific deterrence

GD = general deterrence
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Table 10.d. Based on Estimation of the Count of Effluent Limit Exceedances

Factor Interacted with
Government
Intervention

Government Intervention

Federal
Inspections

State
Inspections

Administrative
Penalties

Civil
Penalties

SD GD SD GD SD GD SD GD

Organic SIC — + 0 — 0 0 0

Inorganic SIC 0 0 + 0 0 0 0 0

Other SIC 0 — + 0 0 0 0 0

Public ownership — — — — 0 0 0 0

Private ownership + + + + 0 0 0 0

Flow capacity 0 0 + — 0 + 0 0

Flow ratio + 0 + 0 0 0 0 0

Volatility 0 0 0 0 0 0 0 0

Effluent Limit Level 0 0 0 0 0 0 0 0

Initial/interim limit 0 0 0 0 0 0 0 0

Final limit 0 0 0 0 0 0 0 0

Permit modification 0 0 0 0 0 0 0 0

No permit modification 0 0 0 0 0 0 0 0

Key : SD = specific deterrence

GD = general deterrence
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Table 11

Interactions between Deterrence Factors and Facility/Firm Characteristics:

Results based on Estimation of BOD Relative Discharges

Table 11.1. Interactions with Industrial Sector Indicators (based on Pooled OLS estimation)

Table 11.1.1. Individual Interactions

Deterrence Factor
Industrial

Sector
Coefficient Std Error t stat p-value

Federal
Inspection:
Specific

Organic - 0.07602 0.03454 - 2.20 0.0278

Inorganic 0.06356 0.04938 1.29 0.1980

Other 0.01245 0.04052 0.31 0.7586

State
Inspection:
Specific

Organic 0.00764 0.00928 0.82 0.4104

Inorganic - 0.00625 0.01125 - 0.56 0.5787

Other - 0.00139 0.01286 - 0.11 0.9138

Federal
Inspection:
General

Organic 0.75016 0.19087 3.93 0.0001

Inorganic - 0.14026 0.25738 - 0.54 0.5858

Other - 0.60990 0.22450 - 2.72 0.0066

State
Inspection:
General        

Organic - 0.00714 0.01352 - 0.53 0.5977

Inorganic 0.02125 0.01677 1.27 0.2052

Other - 0.01411 0.02003 - 0.70 0.4812

Administrative
Sanction:
Specific

Organic 0.04175 0.09361 0.45 0.6556

Inorganic - 0.33477 0.11364 - 2.95 0.0032

Other 0.29302 0.07563 3.87 0.0001

Administrative
Sanction:
General

Organic 1.50403 0.56315 2.67 0.0076

Inorganic 0.48441 0.80975 0.60 0.5497

Other - 1.98844 0.68092 - 2.92 0.0035

Civil Sanction:
General

Organic - 0.61531 2.76093 - 0.22 0.8236

Inorganic - 14.17332 3.93091 - 3.61 0.0003

Other 14.78863 3.09950 4.77 0.0001
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Table 11.1.2. F-Tests of All Industrial Sector Interactions
(degrees of freedom for denonimator of each F-test = 20,284)

Joint Test of All Industrial Sector Interactions
Degrees of
Freedom in
Numerator

F Stat p-value

Groups of Deterrence Factors

Inspections: Specific Deterrence 4 1.36 0.2460

Inspections: General Deterrence 4 5.29 0.0003

Sanctions: Specific Deterrence 2 7.89 0.0004

Sanctions: General Deterrence 4 9.94 0.0001

Inspections: Both Deterrences 8 3.17 0.0014

Sanctions: Both Deterrences 6 9.29 0.0001

Individual Deterrence Factors

Federal Inspection: Specific Deterrence 2 2.42 0.0888

State Inspection: Specific Deterrence 2 0.41 0.6634

Federal Inspection: General Deterrence 2 9.39 0.0001

State Inspection:  General Deterrence 2 0.87 0.4207

Administrative Sanction: Specific Deterrence 2 7.89 0.0004

Administrative Sanction: General Deterrence 2 6.74 0.0012

Civil Sanction: General Deterrence 2 11.42 0.0001
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Table 11.2. Interactions with Other Facility/Firm Characteristics (based on Fixed Effects estimation)

Table 11.2.1. Individual Interactions
           

Deterrence Characterstic Coefficient Std Error t stat p-value

Federal
Inspection:
Specific

Publicly-Held Ownership 0.00608 0.02243 0.27 0.7864

Privately-Held Ownership - 0.00608 0.02243 -0.27 0.7864

Flow Capacity 0.00373 0.00536 0.70 0.4857

Flow Ratio 75.39141 34.00991 2.22 0.0267

Limit Type: Initial/Interim - 0.14537 0.05458 -2.66 0.0077

Limit Type: Final 0.14537 0.05458 2.66 0.0077

Permit Modification: Presence - 0.10329 0.03381 -3.05 0.0023

Permit Modification: Absence 0.10329 0.03381 3.05 0.0023

Effluent Limit Level 0.00608 0.00828 0.73 0.4632

Volatility - 0.13130 0.06025 -2.18 0.0293

State
Inspection:
Specific

Publicly-Held Ownership - 0.00842 0.00646 -1.30 0.1923

Privately-Held Ownership 0.00842 0.00646 1.30 0.1923

Flow Capacity -  0.00306 0.00113 -2.70 0.0069

Flow Ratio 11.65628 5.67684 2.05 0.0401

Limit Type: Initial/Interim - 0.02258 0.01238 -1.82 0.0681

Limit Type: Final 0.02258 0.01238 1.82 0.0681

Permit Modification: Presence 0.00859 0.00975 0.88 0.3781

Permit Modification: Absence - 0.00859 0.00975 -0.88 0.3781

Effluent Limit Level 0.00535 0.00322 1.66 0.0970

Volatility - 0.00359 0.00801 -0.45 0.6542
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Federal
Inspection:
General

Publicly-Held Ownership 0.14334 0.12425 1.15 0.2487

Privately-Held Ownership - 0.14334 0.12425 -1.15 0.2487

Flow Capacity 0.05669 0.04962 1.14 0.2532

Flow Ratio - 157.0685 50.11991 -3.13 0.0017

Limit Type: Initial/Interim 0.69210 0.56753 1.22 0.2227

Limit Type: Final - 0.69210 0.56753 -1.22 0.2227

Permit Modification: Presence - 0.01744 0.18007 -0.10 0.9228

Permit Modification: Absence 0.01744 0.18007 0.10 0.9228

Effluent Limit Level - 0.01511 0.01990 -0.76 0.4475

Volatility 1.41681 0.25543 5.55 0.0001

State
Inspection:
General

Publicly-Held Ownership 0.0005110 0.01043 0.05 0.9609

Privately-Held Ownership -0.0005110 0.01043 -0.05 0.9609

Flow Capacity - 0.00101 0.00255 -0.40 0.6916

Flow Ratio - 13.06563 10.86140 -1.20 0.2290

Limit Type: Initial/Interim 0.17053 0.03758 4.54 0.0001

Limit Type: Final - 0.17053 0.03758 -4.54 0.0001

Permit Modification: Presence - 0.02608 0.01648 -1.58 0.1135

Permit Modification: Absence 0.02608 0.01648 1.58 0.1135

Effluent Limit Level 0.01233 0.00472 2.61 0.0090

Volatility - 0.44801 0.03056 -14.66 0.0001

Administrative
Sanction:
Specific

Publicly-Held Ownership 0.05608 0.05839 0.96 0.3369

Privately-Held Ownership - 0.05608 0.05839 -0.96 0.3369

Flow Capacity - 0.01802 0.03718 -0.48 0.6280

Flow Ratio 61.88092 57.50482 1.08 0.2819

Effluent Limit Level 0.10769 0.13610 0.79 0.4288

Volatility - 0.37590 0.17305 -2.17 0.0299

Civil
Sanction:
Specific

Flow Capacity - 2.26299 1.15106 -1.97 0.0493

Flow Ratio - 176.8865 142.1917 -1.24 0.2135
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Effluent Limit Level 1.55488 1.47753 1.05 0.2927

Volatility - 3.72884 0.62141 -6.00 0.0001

Administrative
Sanction:
General

Publicly-Held Ownership - 0.28477 0.34913 -0.82 0.4147

Privately-Held Ownership 0.28477 0.34913 0.82 0.4147

Flow Capacity - 0.00833 0.10041 -0.08 0.9339

Flow Ratio 1402.2327 454.1416 3.09 0.0020

Limit Type: Initial/Interim 0.09438 0.97224 0.10 0.9227

Limit Type: Final - 0.09438 0.97224 -0.10 0.9227

Permit Modification: Presence - 4.16180 0.53888 -7.72 0.0001

Permit Modification: Absence 4.16180 0.53888 7.72 0.0001

Effluent Limit Level - 0.36522 0.19125 -1.91 0.0562

Volatility - 4.23010 0.50043  -8.45 0.0001

Civil
Sanction:
General

Publicly-Held Ownership 1.50939 1.39695  1.08 0.2799

Privately-Held Ownership - 1.50939 1.39695  -1.08 0.2799

Flow Capacity - 0.93400 0.50621  -1.85 0.0650

Flow Ratio - 712.3786 2272.531  -0.31 0.7539

Limit Type: Initial/Interim 0.01139 5.17553  0.00 0.9982

Limit Type: Final - 0.01139 5.17553  -0.00 0.9982

Permit Modification: Presence 0.02521 1.99891  0.01 0.9899

Permit Modification: Absence - 0.02521 1.99891  -0.01 0.9899

Effluent Limit Level 0.33248 0.58429  0.57 0.5693

Volatility 32.62851 8.81250  3.70 0.0002
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Table 11.2.2. F-Tests of Multiple Interactions involving Other Facility/Firm Characteristics
(degrees of freedom for denonimator of each F-test = 19,965)

Joint Test of Interactions
DOF a F Stat p-value

Deterrence Factor(s) Characteristic(s)

Individual Deterrence Factors: Jointly Tested with Groups of Characteristics

Federal
Inspection:
Specific

Ownership 1 0.07 0.7864

Flow Capacity, Flow Ratio, Volatility 3 3.43 0.0163

Regulatory (e.g., Effluent Limit) 3 5.19 0.0014

State
Inspection:
Specific

Ownership 1 1.70 0.1923

Flow Capacity, Flow Ratio, Volatility 3 4.02 0.0072

Regulatory (e.g., Effluent Limit) 3 2.33 0.0721

Federal
Inspection:
General

Ownership 1 1.33 0.2487

Flow Capacity, Flow Ratio, Volatility 3 14.03 0.0001

Regulatory (e.g., Effluent Limit) 3 0.70 0.5537

State
Inspection:
General

Ownership 1 0.00 0.9609

Flow Capacity, Flow Ratio, Volatility 3 72.47 0.0001

Regulatory (e.g., Effluent Limit) 3 10.05 0.0001

Administrative
Sanction:
Specific

Ownership 1 0.92 0.3369

Flow Capacity, Flow Ratio, Volatility 3 1.82 0.1410

Regulatory (e.g., Effluent Limit) 1 0.63 0.4288

Civil
Sanction:
Specific

Flow Capacity, Flow Ratio, Volatility 3 12.88 0.0001

Regulatory (e.g., Effluent Limit) 1 1.11 0.2927

Administrative
Sanction:
General

Ownership 1 0.67 0.4147

Flow Capacity, Flow Ratio, Volatility 3 27.02 0.0001

Regulatory (e.g., Effluent Limit) 3 20.52 0.0001

Civil
Sanction:
General

Ownership 1 1.17 0.2799

Flow Capacity, Flow Ratio, Volatility 3 5.90 0.0005

Regulatory (e.g., Effluent Limit) 3 0.11 0.9531
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Sets of Deterrence Factors: Jointly Tested with Groups of Characteristics

Inspections: Specific

Flow Capacity, Flow Ratio, Volatility

6 3.62 0.0014

Inspections: General 6 38.25 0.0001

Sanctions: Specific 6 7.35 0.0001

Sanctions: General 6 18.75 0.0001

Inspections: Specific

Regulatory (e.g., Effluent Limit)

6 4.02 0.0005

Inspections: General 6 5.21 0.0001

Sanctions: Specific 2 0.87 0.4205

Sanctions: General 6 11.16 0.0001

Inspections: Specific

Ownership

2 0.88 0.4162

Inspections: General 2 0.67 0.5134

Sanctions: Specific 1 0.92 0.3369

Sanctions: General 2 1.17 0.3104

Specific and General Deterrence: Jointly Tested with Groups of Characteristics

Inspections: Deterrences
Flow Capacity, Flow Ratio, Volatility

12 21.76 0.0001

Sanctions: Deterrences 12 12.61 0.0001

Inspections: Deterrences
Regulatory (e.g., Effluent Limit)

12 4.74 0.0001

Sanctions: Deterrences 8 8.60 0.0001

Inspections: Deterrences
Ownership

4 0.99 0.4098

Sanctions: Deterrences 3 1.08 0.3567

Individual Deterrence Factors: Jointly Tested with Full Set of Characteristics

Fed Inspections: Specific All 7 4.05 0.0002

State Inspections: Specific All 7 3.80 0.0004

Fed Inspections: General All 7 6.86 0.0001

State Inspections: General All 7 35.63 0.0001

Admin Sanction: Specific All 5 1.96 0.0809

Civil Sanctions: Specific All 4 10.98 0.0001

Admin Sanctions: General All 7 20.12 0.0001

Civil Sanctions: General All 7 2.92 0.0048

a DOF = degrees of freedom for the numerator of the displayed F-test statistic.
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Table 12
Joint Tests of Interactions between Deterrence Factors and Facility/Firm Characteristics

Table 12.1. Based on Estimation of TSS Relative Discharges (logged)

Table 12.1.1. F-Tests of Industrial Sector-related Interactions (based on Pooled OLS estimation)
(degrees of freedom for denonimator of each F-test = 23,092)

Joint Test of Interactions with Industrial Sector DOF a F Stat p-value

Inspections: Specific Deterrence 4 3.49 0.0074

Inspections: General Deterrence 4 47.60 0.0001

Sanctions: Specific Deterrence 2 3.61 0.0271

Sanctions: General Deterrence 4 18.80 0.0001
a DOF = degrees of freedom for the numerator of the displayed F-test statistic.

Table 12.1.2. F-Tests of Other Interactions (based on Fixed Effects estimation)
(degrees of freedom for denonimator of each F-test = 22,710)

Joint Test of Interactions
DOF a F Stat p-value

Deterrence Factor(s) Characteristic(s)

Sets of Deterrence Factors: Jointly Tested with Groups of Characteristics

Inspections: Specific

Flow Capacity, Flow Ratio, Volatility

6 4.72 0.0001

Inspections: General 6 16.81 0.0001

Sanctions: Specific 6 3.54 0.0017

Sanctions: General 6 10.55 0.0001

Inspections: Specific

Regulatory (e.g., Effluent Limit)

6 3.56 0.0016

Inspections: General 6 8.83 0.0001

Sanctions: Specific 2 2.97 0.0511

Sanctions: General 6 5.91 0.0001

Inspections: Specific

Ownership

2 0.22 0.8027

Inspections: General 2 5.02 0.0066

Sanctions: Specific 1 0.56 0.4531

Sanctions: General 2 0.52 0.5970

Individual Deterrence Factors: Jointly Tested with Full Set of Characteristics

Fed Inspections: Specific All 7 3.13 0.0027

State Inspections: Specific All 7 3.86 0.0003

Fed Inspections: General All 7 15.79 0.0001

State Inspections: General All 7 8.73 0.0001

Admin Sanction: Specific All 5 2.22 0.0493

Civil Sanctions: Specific All 4 5.37 0.0003

Admin Sanctions: General All 7 9.13 0.0001

Civil Sanctions: General All 7 6.72 0.0001
a DOF = degrees of freedom for the numerator of the displayed F-test statistic.
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Table 12.2. Based on Estimation of Composite BOD / TSS Relative Discharges (logged)

Table 12.2.1. F-Tests of Industrial Sector-related Interactions (based on Pooled OLS estimation)
(degrees of freedom for denonimator of each F-test = 24,464)

Joint Test of Interactions with Industrial Sector DOF a F Stat p-value

Inspections: Specific Deterrence 4 6.34 0.0001

Inspections: General Deterrence 4 34.93 0.0001

Sanctions: Specific Deterrence 2 0.51 0.6005

Sanctions: General Deterrence 4 11.66 0.0001
a DOF = degrees of freedom for the numerator of the displayed F-test statistic.

Table 12.2.2. F-Tests of Other Interactions (based on Fixed Effects estimation)
(degrees of freedom for denonimator of each F-test = 24,069)

Joint Test of Interactions
DOF a F Stat p-value

Deterrence Factor(s) Characteristic(s)

Sets of Deterrence Factors: Jointly Tested with Groups of Characteristics

Inspections: Specific

Flow Capacity, Flow Ratio, Volatility

6 3.90 0.0007

Inspections: General 6 4.28 0.0003

Sanctions: Specific 6 4.19 0.0003

Sanctions: General 6 17.15 0.0001

Inspections: Specific

Regulatory (e.g., Effluent Limit)

6 5.97 0.0001

Inspections: General 6 6.30 0.0001

Sanctions: Specific 2 0.75 0.4712

Sanctions: General 6 4.09 0.0004

Inspections: Specific

Ownership

2 0.60 0.5478

Inspections: General 2 3.68 0.0253

Sanctions: Specific 1 3.27 0.0704

Sanctions: General 2 1.42 0.2406

Individual Interventions Jointly Tested with Full Set of Characteristics

Fed Inspections: Specific All 7 4.59 0.0001

State Inspections: Specific All 7 4.41 0.0001

Fed Inspections: General All 7 4.45 0.0001

State Inspections: General All 7 5.25 0.0001

Admin Sanction: Specific All 5 1.15 0.3311

Civil Sanctions: Specific All 4 7.08 0.0001

Admin Sanctions: General All 7 12.68 0.0001

Civil Sanctions: General All 7 5.69 0.0001
a DOF = degrees of freedom for the numerator of the displayed F-test statistic.
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Table 12.3. Based on Estimation of Effluent Limit Exceedances Count

Table 12.3.1. F-Tests of Industrial Sector-related Interactions (based on Pooled OLS estimation)
(degrees of freedom for denonimator of each F-test = 31,126)

Joint Test of Interactions with Industrial Sector DOF a F Stat p-value

Inspections: Specific Deterrence 4 12.22 0.0001

Inspections: General Deterrence 4 4.05 0.0028

Sanctions: Specific Deterrence 2 1.91 0.1486

Sanctions: General Deterrence 4 1.11 0.3487
a DOF = degrees of freedom for the numerator of the displayed F-test statistic.

Table 12.3.2. F-Tests of Other Interactions (based on Fixed Effects estimation)
(degrees of freedom for denonimator of each F-test = 30,654)

Joint Test of Interactions
DOF a F Stat p-value

Deterrence Factor(s) Characteristic(s)

Sets of Deterrence Factors: Jointly Tested with Groups of Characteristics

Inspections: Specific

Flow Capacity, Flow Ratio, Volatility

4 3.37 0.0091

Inspections: General 4 1.34 0.2526

Sanctions: Specific 4 0.33 0.8580

Sanctions: General 4 1.61 0.1678

Inspections: Specific

Ownership

2 13.08 0.0001

Inspections: General 2 9.27 0.0001

Sanctions: Specific 1 0.94 0.3335

Sanctions: General 2 0.94 0.3896

Individual Deterrence Factors: Jointly Tested with Full Set of Characteristics

Fed Inspections: Specific All 3 5.06 0.0017

State Inspections: Specific All 3 7.94 0.0001

Fed Inspections: General All 3 3.37 0.0176

State Inspections: General All 3 4.02 0.0072

Admin Sanction: Specific All 3 0.83 0.4798

Civil Sanctions: Specific All 2 0.08 0.9259

Admin Sanctions: General All 3 2.29 0.0759

Civil Sanctions: General All 3 0.61 0.6107
a DOF = degrees of freedom for the numerator of the displayed F-test statistic.
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Table 13
Various Formulations of Federal Sanctions:

Based on Estimation of Composite BOD / TSS Relative Discharges (logged)

Variable
Sanction Presence Sanction Count Sanction $ Value

Coefficient p-value Coefficient p-value Coefficient p-value

Administrative vs Civil: Combined Sanction (Fine, SEP, Injunctive Relief)

Admin Sanction: Specific 0.065710 0.1806 0.032158 0.3182 - 0.028060 0.2197

Civil Sanction: Specific 0.025918 0.8798 - 0.059230 0.5716 0.123008 0.7262

Admin Sanction: General 0.535765 0.0753 0.529229 0.0788 - 0.091530 0.8448

Civil Sanction: General - 6.087220 0.0001 - 5.742120 0.0001 - 5.041830 0.0001

Fine vs Non-Fine: Combined Sanction Source (Administrative, Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Fine: Specific 0.179544 0.0028 0.148013 0.0006 1.18e-07 0.7642

Non-Fine: Specific - 0.200060 0.0027 - 0.190370 0.0015 - 3.13e-08 0.1722

Fine: General 0.752587 0.0226 0.774022 0.0189 - 0.00001 0.0001

Non-Fine: General - 1.178870 0.0327 - 1.187620 0.0311 - 8.10e-07 0.0591

Fine vs SEP vs Injunctive Relief:  Combined Sanction Source (Administrative, Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Fine: Specific 0.202818 0.0011 0.150557 0.0005 2.35e-07 0.5566

SEP: Specific - 0.373040 0.0294 - 0.311300 0.0620 - 9.51e-07 0.1052

Injunctive Relief: Specific - 0.150620 0.0277 - 0.165150 0.0159 - 3.42e-08 0.1368

Fine: General 0.257332 0.4787 0.277693 0.4443 - 9.88e-06 0.0014

SEP: General 5.441961 0.0076 5.314549 0.0091 0.000023 0.0043

Injunctive Relief: General - 2.445290 0.0002 - 2.427940 0.0003 - 1.58e-06 0.0017

Sanction Type (Fine vs SEP vs Injunctive Relief) and Source Type (Admin vs Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Admin Fine: Specific 0.18038 0.0049 0.14237 0.0012 - 1.41e-06 0.0785

Civil Fine: Specific 0.43417 0.0914 0.42057 0.1019 7.48e-07 0.1053

Admin SEP: Specific - 0.18101 0.4624 - 0.12780 0.5978 - 5.89e-07 0.5177

Civil SEP: Specific - 0.74739 0.0306 - 0.72994 0.0346 - 1.48e-06 0.0565

Admin Injunct Relief: Specific - 0.16041 0.0231 - 0.17538 0.0131 - 1.62e-08 0.4844

Admin Fine: General - 0.03604 0.9252 - 0.00680 0.9859 0.000033 0.0074

Civil Fine: General - 2.85595 0.4896 - 2.21460 0.5908 - 0.000010 0.1438

Admin SEP: General 10.15723 0.0001 9.81129 0.0001 0.000033 0.0002

Civil SEP: General - 7.73112 0.1277 - 7.47869 0.1403 - 0.000050 0.0247

Admin Injunct Relief: General - 1.98948 0.0039 - 1.99122 0.0038 1.08e-06 0.1338

Civil Injunctive Relief: General - 11.26840 0.0194 - 11.31820 0.0186 - 2.40e-06 0.4197
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Table 14
Various Formulations of Federal Sanctions:

Based on Estimation of BOD Relative Discharges (logged)

Variable
Sanction Presence Sanction Count Sanction $ Value

Coefficient p-value Coefficient p-value Coefficient p-value

Administrative vs Civil: Combined Sanction (Fine, SEP, Injunctive Relief)

Admin Sanction: Specific - 0.04018 0.5111 - 0.01505 0.7022 - 5.47e-08 0.0299

Civil Sanction: Specific - 0.36868 0.0515 - 0.29552 0.0107 - 5.53e-07 0.1540

Admin Sanction: General - 0.39694 0.2944 - 0.41327 0.2749 7.36e-07 0.1885

Civil Sanction: General 0.38707 0.7755 0.48133 0.7232 2.11e-06 0.0759

Fine vs Non-Fine: Combined Sanction Source (Administrative, Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Fine: Specific 0.10870 0.1474 0.11382 0.0462 - 1.31e-07 0.7629

Non-Fine: Specific -0.30792 0.0001 - 0.25144 0.0005 - 5.49e-08 0.0299

Fine: General 0.23276 0.5711 0.24621 0.5490 9.00e-06 0.0196

Non-Fine: General -2.37424 0.0003 - 2.44192 0.0002 8.46e-07 0.1014

Fine vs SEP vs Injunctive Relief:  Combined Sanction Source (Administrative, Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Fine: Specific 0.13283 0.0887 0.12116 0.0348 3.05e-08 0.9445

SEP: Specific - 0.38163 0.0457 - 0.35225 0.0573 - 1.48e-06 0.0222

Injunctive Relief: Specific - 0.22386 0.0068 - 0.23565 0.0046 - 5.59e-08 0.0274

Fine: General - 0.79219 0.0854 - 0.80150 0.0818 0.000010 0.0086

SEP: General 9.59447 0.0001 9.63160 0.0001 0.000017 0.0770

Injunctive Relief: General - 4.75661 0.0001 - 4.83474 0.0001 3.40e-07 0.5717

Sanction Type (Fine vs SEP vs Injunctive Relief) and Source Type (Admin vs Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Admin Fine: Specific 0.12335 0.1289 0.11217 0.0558 - 1.11e-06 0.2068

Civil Fine: Specific 0.14987 0.5967 0.15922 0.5740 3.49e-07 0.4930

Admin SEP: Specific 0.26630 0.3343 0.29031 0.2832 3.22e-07 0.7484

Civil SEP: Specific - 0.95657 0.0121 - 0.94366 0.0133 - 2.82e-06 0.0010

Admin Injunct Relief: Specific - 0.29013 0.0007 - 0.30085 0.0005 - 3.33e-08 0.1929

Admin Fine: General - 1.59701 0.0011 - 1.58910 0.0012 0.000061 0.0001

Civil Fine: General 1.34126 0.7835 0.83908 0.8631 - 0.000010 0.2089

Admin SEP: General 19.64922 0.0001 19.54845 0.0001 0.000042 0.0001

Civil SEP: General - 14.02650 0.0200 - 13.32000 0.0271 - 0.000100 0.0001

Admin Injunct Relief: General - 5.82308 0.0001 - 5.90622 0.0001 3.77e-06 0.0001

Civil Injunctive Relief: General 0.32329 0.9561 1.14418 0.8453 7.75e-06 0.0310
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Table 15
Various Formulations of Federal Sanctions:

Based on Estimation of TSS Relative Discharges (logged)

Variable
Sanction Presence Sanction Count Sanction $ Value

Coefficient p-value Coefficient p-value Coefficient p-value

Administrative vs Civil: Combined Sanction (Fine, SEP, Injunctive Relief)

Admin Sanction: Specific 0.03549 0.4643 - 0.01664 0.6023 - 8.65e-09 0.7010

Civil Sanction: Specific 0.18677 0.2694 0.04388 0.6710 4.16e-07 0.2297

Admin Sanction: General 1.06044 0.0006 0.97000 0.0018 - 3.08e-07 0.5172

Civil Sanction: General - 6.95870 0.0001 - 6.53662 0.0001 - 6.32e-06 0.0001

Fine vs Non-Fine: Combined Sanction Source (Administrative, Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Fine: Specific 0.06890 0.2486 0.04016 0.3505 1.87e-07 0.6320

Non-Fine: Specific - 0.10758 0.1024 - 0.11759 0.0471 - 1.21e-08 0.5913

Fine: General 0.89120 0.0084 0.80979 0.0168 - 0.00002 0.0001

Non-Fine: General 0.40659 0.4661 0.38176 0.4930 - 1.05e-06 0.0162

Fine vs SEP vs Injunctive Relief:  Combined Sanction Source (Administrative, Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Fine: Specific 0.08782 0.1555 0.04206 0.3315 2.77e-07 0.4827

SEP: Specific - 0.24921 0.1404 - 0.20799 0.2064 - 6.66e-07 0.2497

Injunctive Relief: Specific - 0.09015 0.1818 - 0.09905 0.1432 - 1.55e-08 0.4928

Fine: General 0.67395 0.0720 0.57542 0.1248 - 0.000020 0.0001

SEP: General 3.27483 0.1144 3.38191 0.1029 0.000024 0.0034

Injunctive Relief: General - 0.14004 0.8358 - 0.19039 0.7778 - 1.86e-06 0.0003

Sanction Type (Fine vs SEP vs Injunctive Relief) and Source Type (Admin vs Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Admin Fine: Specific 0.06041 0.3424 0.03543 0.4194 - 1.43e-06 0.0707

Civil Fine: Specific 0.47553 0.0611 0.45028 0.0761 7.83e-07 0.0861

Admin SEP: Specific - 0.33094 0.1736 - 0.30249 0.2060 - 1.23e-06 0.1701

Civil SEP: Specific - 0.50959 0.1352 - 0.49446 0.1468 - 5.25e-07 0.4945

Admin Injunct Relief: Specific - 0.07073 0.3098 - 0.08004 0.2514 - 5.01e-09 0.8268

Admin Fine: General 0.71598 0.0712 0.63556 0.1097 6.61e-07 0.9582

Civil Fine: General - 10.48450 0.0131 - 9.35545 0.0267 - 0.000020 0.0306

Admin SEP: General 4.81919 0.0618 4.72232 0.0671 0.000028 0.0019

Civil SEP: General 1.48482 0.7740 1.55286 0.7638 - 9.19e-06 0.6621

Admin Injunct Relief: General 0.75143 0.2808 0.67857 0.3296 - 6.17e-07 0.3970

Civil Injunctive Relief: General - 4.90120 0.3236 - 5.40006 0.2759 - 2.37e-06 0.4375
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Table 16
Various Formulations of Federal Sanctions:

Based on Estimation of Effluent Limit Exceedances Count

Variable
Sanction Presence Sanction Count Sanction $ Value

Coefficient p-value Coefficient p-value Coefficient p-value

Administrative vs Civil: Combined Sanction (Fine, SEP, Injunctive Relief)

Admin Sanction: Specific - 0.10487 0.0336 - 0.04190 0.1582 - 2.61e-08 0.2921

Civil Sanction: Specific - 0.15662 0.3984 - 0.07838 0.4891 - 2.68e-07 0.4816

Admin Sanction: General 0.68273 0.0266 0.72225 0.0199 1.22e-07 0.7838

Civil Sanction: General 0.47361 0.6451 0.44691 0.6647 1.78e-07 0.8428

Fine vs Non-Fine: Combined Sanction Source (Administrative, Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Fine: Specific - 0.01217 0.8437 - 0.00002 0.9996 - 5.61e-07 0.1852

Non-Fine: Specific - 0.17183 0.0103 - 0.11909 0.0406 - 2.39e-08 0.3360

Fine: General 0.66101 0.0442 0.68324 0.0383 - 4.00e-07 0.8948

Non-Fine: General 0.78809 0.1470 0.82545 0.1294 1.44e-07 0.7244

Fine vs SEP vs Injunctive Relief:  Combined Sanction Source (Administrative, Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Fine: Specific - 0.03721 0.5577 - 0.00534 0.8970 - 5.91e-07 0.1677

SEP: Specific 0.19401 0.2909 0.15928 0.3735 4.21e-07 0.5081

Injunctive Relief: Specific - 0.17899 0.0085 - 0.16323 0.0110 - 2.74e-08 0.2702

Fine: General 0.50097 0.1602 0.52233 0.1438 4.22e-07 0.8899

SEP: General 2.87917 0.1609 2.96420 0.1499 0.000018 0.0311

Injunctive Relief: General 0.41663 0.5162 0.45994 0.4733 - 4.01e-07 0.4040

Sanction Type (Fine vs SEP vs Injunctive Relief) and Source Type (Admin vs Civil)

Variable Coefficient p-value Coefficient p-value Coefficient p-value

Admin Fine: Specific - 0.03499 0.5917 - 0.00396 0.9245 - 1.27e-06 0.1318

Civil Fine: Specific - 0.18171 0.5141 - 0.18478 0.5069 - 3.49e-07 0.4855

Admin SEP: Specific 0.51362 0.0512 0.46079 0.0744 1.19e-06 0.2264

Civil SEP: Specific 0.06120 0.8700 0.07552 0.8398 - 1.62e-07 0.8472

Admin Injunct Relief: Specific - 0.20722 0.0030 - 0.18688 0.0045 - 2.48e-08 0.3223

Admin Fine: General 0.57350 0.1327 0.60420 0.1145 0.000016 0.1865

Civil Fine: General - 5.95257 0.1311 - 6.05132 0.1253 - 0.000010 0.0708

Admin SEP: General 3.35498 0.1941 3.42745 0.1852 0.000021 0.0209

Civil SEP: General 5.63882 0.2476 5.83389 0.2328 0.000012 0.5621

Admin Injunct Relief: General 0.47548 0.4773 0.54559 0.4158 - 2.32e-07 0.7350

Civil Injunctive Relief: General 7.38678 0.1088 7.34836 0.1102 5.10e-06 0.0716
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Table 17

COMPARISON OF SANCTION TYPES:  PAIRWISE AND JOINT TESTS
Based on Estimates of Composite BOD/TSS Discharges (logged)

Table 17.a.  Specific Deterrence

Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)

H0: admin = civil presence admin = civil

count admin = civil

$ value admin = civil

H0: fine = nonfine presence nonfine > fine

count nonfine > fine

$ value nonfine > fine

H0: gov’t fine = gov’t SEP presence gov’t SEP > gov’t fine

count gov’t SEP > gov’t fine

$ value gov’t SEP = gov’t fine

H0: gov’t fine = gov’t injunc presence gov’t injunc > gov’t fine

count gov’t injunc > gov’t fine

$ value gov’t fine = gov’t injunc

H0: gov’t fine = gov’t SEP = gov’t injunc presence jointly �

count jointly �

$ value jointly = 

H0: admin fine = civil fine presence admin fine = civil fine

count admin fine = civil fine

$ value admin fine > civil fine

H0: admin SEP = civil SEP presence admin SEP = civil SEP

count admin SEP = civil SEP

$ value admin SEP = civil SEP



Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)
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H0: admin fine = civil fine; admin SEP = civil SEP presence jointly = 

count jointly = 

$ value jointly �

H0:  admin fine = admin SEP = admin injunc presence jointly �

count jointly �

$ value jointly = 

H0: civil fine = civil SEP presence civil SEP > civil fine

count civil SEP > civil fine

$ value civil SEP > civil fine

H0: admin fine = civil fine = admin SEP = civil SEP
     = admin injunc = civil injunc

presence jointly �

count jointly �

$ value jointly �

KEY : admin  = administrative

gov’t = combined  administrative and civil

injunc = injunctive relief

SEP = supplemental environmental project
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Table 17.b.  General Deterrence

Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)

H0: admin = civil presence civil > admin

count civil > admin

$ value civil > admin

H0: fine = nonfine presence nonfine > fine

count nonfine > fine

$ value nonfine > fine

H0: gov’t fine = gov’t SEP presence gov’t fine > gov’t SEP

count gov’t fine > gov’t SEP

$ value gov’t fine > gov’t SEP

H0: gov’t fine = gov’t injunc presence gov’t injunc > gov’t fine

count gov’t injunc > gov’t fine

$ value gov’t fine > gov’t injunc

H0: gov’t fine = gov’t SEP = gov’t injunc presence jointly �

count jointly �

$ value jointly �

H0: admin fine = civil fine presence admin fine = civil fine

count admin fine = civil fine

$ value civil fine > admin fine

H0: admin SEP = civil SEP presence civil SEP > admin SEP

count civil SEP > admin SEP

$ value civil SEP > admin SEP

H0: admin injunc = civil injunc presence civil injunc > admin injunc

count civil injunc > admin injunc

$ value admin injunc = civil injunc



Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)
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H0: admin fine = civil fine; admin SEP
      = civil SEP;  admin injunc = civil injunc

presence jointly �

count jointly �

$ value jointly �

H0:  admin fine = admin SEP = admin injunc presence jointly �

count jointly �

$ value jointly �

H0: civil fine = civil SEP = civil injunc presence jointly = 

count jointly = 

$ value jointly �

H0: admin fine = civil fine = admin SEP
      = civil SEP = admin injunc = civil injunc

presence jointly �

count jointly �

$ value jointly �

KEY : admin  = administrative

gov’t = combined  administrative and civil

injunc = injunctive relief

SEP = supplemental environmental project
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Table 18

COMPARISON OF SANCTION TYPES:  PAIRWISE AND JOINT TESTS
Based on Estimation of BOD Relative Discharges (logged)

Table 18.a.  Specific Deterrence

Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)

H0: admin = civil presence civil > admin

count civil > admin

$ value admin = civil

H0: fine = nonfine presence nonfine > fine

count nonfine > fine

$ value fine = nonfine

H0: gov’t fine = gov’t SEP presence gov’t SEP > gov’t fine

count gov’t SEP > gov’t fine

$ value gov’t SEP > gov’t fine

H0: gov’t fine = gov’t injunc presence gov’t injunc > gov’t fine

count gov’t injunc > gov’t fine

$ value gov’t fine = gov’t injunc

H0: gov’t fine = gov’t SEP = gov’t injunc presence jointly �

count jointly �

$ value jointly �

H0: admin fine = civil fine presence admin fine = civil fine

count admin fine = civil fine

$ value admin fine = civil fine

H0: admin SEP = civil SEP presence civil SEP > admin SEP

count civil SEP > admin SEP

$ value civil SEP > admin SEP



Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)
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H0: admin fine = civil fine; admin SEP = civil SEP presence jointly �

count jointly �

$ value jointly �

H0:  admin fine = admin SEP = admin injunc presence jointly �

count jointly �

$ value jointly = 

H0: civil fine = civil SEP presence civil SEP > civil fine

count civil SEP > civil fine

$ value civil SEP > civil fine

H0: admin fine = civil fine = admin SEP = civil SEP
      = admin injunc = civil injunc

presence jointly �

count jointly �

$ value jointly �

KEY :  admin  = administrative

gov’t = combined  administrative and civil

injunc = injunctive relief

SEP = supplemental environmental project
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Table 18.b.  General Deterrence

Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)

H0: admin = civil presence admin = civil

count admin = civil

$ value admin = civil

H0: fine = nonfine presence nonfine > fine

count nonfine > fine

$ value nonfine > fine

H0: gov’t fine = gov’t SEP presence gov’t fine > gov’t SEP

count gov’t fine > gov’t SEP

$ value gov’t fine = gov’t SEP

H0: gov’t fine = gov’t injunc presence gov’t injunc > gov’t fine

count gov’t injunc > gov’t fine

$ value gov’t fine > gov’t injunc

H0: gov’t fine = gov’t SEP = gov’t injunc presence jointly �

count jointly �

$ value jointly �

H0: admin fine = civil fine presence admin fine > civil fine

count admin fine > civil fine

$ value civil fine > admin fine

H0: admin SEP = civil SEP presence civil SEP > admin SEP

count civil SEP > admin SEP

$ value civil SEP > admin SEP

H0: admin injunc = civil injunc presence admin injunc > civil injunc

count admin injunc > civil injunc

$ value admin injunc > civil injunc



Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)
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H0: admin  fine = civil fine; admin SEP = civil SEP;
      admin injunc = civil injunc

presence jointly �

count jointly �

$ value jointly �

H0:  admin fine = admin SEP = admin injunc presence jointly �

count jointly �

$ value jointly �

H0: civil fine = civil SEP = civil injunc presence jointly �

count jointly �

$ value jointly �

H0: admin fine = civil fine = admin SEP = civil SEP
      = admin injunc = civil injunc

presence jointly �

count jointly �

$ value jointly �

KEY : admin  = administrative

gov’t = combined  administrative and civil

injunc = injunctive relief

SEP = supplemental environmental project
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Table 19

COMPARISON OF PENALTY TYPES:  PAIRWISE AND JOINT TESTS
Based on Estimation of TSS Relative Discharges (logged)

Table 19.a.  Specific Deterrence

Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)

H0: admin = civil presence admin = civil

count admin = civil

$ value admin = civil

H0: fine = nonfine presence nonfine > fine

count nonfine > fine

$ value fine = nonfine

H0: gov’t fine = gov’t SEP presence gov’t SEP > gov’t fine

count gov’t fine = gov’t SEP

$ value gov’t fine = gov’t SEP

H0: gov’t fine = gov’t injunc presence gov’t injunc > gov’t fine

count gov’t injunc > gov’t fine

$ value gov’t fine = gov’t injunc

H0: gov’t fine = gov’t SEP = gov’t injunc presence jointly �

count jointly = 

$ value jointly = 

H0: admin fine = civil fine presence admin fine = civil fine

count admin fine = civil fine

$ value admin fine > civil fine

H0: admin SEP = civil SEP presence admin SEP = civil SEP

count admin SEP = civil SEP

$ value admin SEP = civil SEP



Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)
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H0: admin  fine = civil fine; admin SEP = civil SEP presence jointly = 

count jointly = 

$ value jointly �

H0:  admin fine = admin SEP = admin injunc presence jointly = 

count jointly = 

$ value jointly �

H0: civil fine = civil SEP presence civil fine > civil SEP

count civil SEP > civil fine

$ value civil SEP > civil fine

H0: admin fine = civil fine = admin SEP = civil SEP
      = admin injunc = civil injunc

presence jointly = 

count jointly = 

$ value jointly �

KEY : admin  = administrative

gov’t = combined  administrative and civil

injunc = injunctive relief

SEP = supplemental environmental project
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Table 19.b.  General Deterrence

Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)

H0: admin = civil presence civil > admin

count civil > admin

$ value civil > admin

H0: fine = nonfine presence fine = nonfine

count fine = nonfine

$ value nonfine > fine

H0: gov’t fine = gov’t SEP presence gov’t fine = gov’t SEP

count gov’t fine = gov’t SEP

$ value gov’t fine > gov’t SEP

H0: gov’t fine = gov’t injunc presence gov’t fine = gov’t injunc

count gov’t fine = gov’t injunc

$ value gov’t injunc > gov’t fine

H0: gov’t fine = gov’t SEP = gov’t injunc presence jointly = 

count jointly = 

$ value jointly �

H0: admin fine = civil fine presence civil fine > admin fine

count civil fine > admin fine

$ value admin fine = civil fine

H0: admin SEP = civil SEP presence admin SEP = civil SEP

count admin SEP = civil SEP

$ value admin SEP = civil SEP

H0: admin injunc = civil injunc presence admin injunc = civil injunc

count admin injunc = civil injunc

$ value admin injunc = civil injunc



Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)
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H0: admin fine = civil fine; admin SEP = civil SEP;
      admin injunc = civil injunc

presence jointly =

count jointly �

$ value jointly =

H0:  admin fine = admin SEP = admin injunc presence jointly =

count jointly =

$ value jointly �

H0: civil fine = civil SEP = civil injunc presence jointly =

count jointly =

$ value jointly =

H0: admin fine = civil fine = admin SEP = civil SEP 
      = admin injunc = civil injunc

presence jointly =

count jointly �

$ value jointly �

KEY : admin  = administrative

gov’t = combined  administrative and civil

injunc = injunctive relief

SEP = supplemental environmental project
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Table 20

COMPARISON OF PENALTY TYPES:  PAIRWISE AND JOINT TESTS
Based on Estimation of Effluent Limit Exceedances Count

Table 20.a.  Specific Deterrence

Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)

H0: admin = civil presence admin = civil

count admin = civil

$ value admin = civil

H0: fine = nonfine presence fine = nonfine

count fine = nonfine

$ value fine = nonfine

H0: gov’t fine = gov’t SEP presence gov’t fine = gov’t SEP

count gov’t fine = gov’t SEP

$ value gov’t fine = gov’t SEP

H0: gov’t fine = gov’t injunc presence gov’t fine = gov’t injunc

count gov’t injunc > gov’t fine

$ value gov’t fine = gov’t injunc

H0: gov’t fine = gov’t SEP = gov’t injunc presence jointly �

count jointly �

$ value jointly =

H0: admin fine = civil fine presence admin fine = civil fine

count admin fine = civil fine

$ value admin fine = civil fine

H0: admin SEP = civil SEP presence admin SEP = civil SEP

count admin SEP = civil SEP

$ value admin SEP = civil SEP



Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)
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H0: admin fine = civil fine; admin SEP= civil SEP presence jointly =

count jointly =

$ value jointly =

H0:  admin fine = admin SEP = admin injunc presence jointly �

count jointly �

$ value jointly =

H0: civil fine = civil SEP presence civil fine > civil SEP

count civil fine > civil SEP

$ value civil fine > civil SEP

H0: admin fine = civil fine = admin SEP
      = civil SEP = admin injunc = civil injunc

presence jointly �

count jointly =

$ value jointly =

KEY : admin  = administrative

gov’t = combined  administrative and civil

injunc = injunctive relief

SEP = supplemental environmental project
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Table 20.b.  General Deterrence

Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)

H0: admin = civil presence admin = civil

count admin = civil

$ value admin = civil

H0: fine = nonfine presence fine = nonfine

count fine = nonfine

$ value fine = nonfine

H0: gov’t fine = gov’t SEP presence gov’t fine = gov’t SEP

count gov’t fine = gov’t SEP

$ value gov’t SEP > gov’t fine

H0: gov’t fine = gov’t injunc presence gov’t fine = gov’t injunc

count gov’t fine = gov’t injunc

$ value gov’t fine = gov’t injunc

H0: gov’t fine = gov’t SEP = gov’t injunc jointly =

jointly =

jointly �

H0: admin fine = civil fine presence civil fine > admin fine

count civil fine > admin fine

$ value civil fine > admin fine

H0: admin SEP = civil SEP presence admin SEP = civil SEP

count admin SEP = civil SEP

$ value admin SEP = civil SEP

H0: admin injunc = civil injunc presence admin injunc = civil injunc

count admin injunc = civil injunc

$ value admin injunc > civil injunc



Comparison Form of
Sanction

Result
(> means more effective;

< means less effective)
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H0: admin fine = civil fine;
      admin SEP = civil SEP;
      admin injunc = civil injunc

presence jointly =

count jointly =

$ value jointly =

H0:  admin fine = admin SEP = admin injunc presence jointly =

count jointly =

$ value jointly �

H0: civil fine = civil SEP = civil injunc presence jointly = 

count jointly =

$ value jointly =

H0: admin fine = civil fine = admin SEP
      = civil SEP = admin injunc = civil injunc

presence jointly =

count jointly =

$ value jointly �

KEY : admin  = administrative

gov’t = combined  administrative and civil

injunc = injunctive relief

SEP = supplemental environmental project
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Table 21
Analysis of State Fines a

Table 21.a. Based on Estimation of Composite BOD / TSS Relative Discharges (logged)
(Sample Size = 8,953)

Variable
Fine Count Fine Assessed $ Fine Collected $

Coefficient p-value Coefficient p-value Coefficient p-value

Combined Sanction Source: Administrative and Civil

Federal Fine: Specific 0.06827 0.1367 5.12e-08 0.8885 5.22e-08 0.8862

Federal Fine: General - 0.14036 0.7695 - 0.00001 0.0040 - 0.00001 0.0025

State Fine: Specific - 0.00066 0.9864 4.89e-06 0.0001 8.32e-06 0.0001

State Fine: General 0.98845 0.0003 8.72e-07 0.9184 - 5.27e-06 0.6082

Separated Sanction Source: Administrative vs Civil b

Federal Admin Fine: Specific 0.04715 0.3146 - 2.04e-06 0.0062 - 2.09e-06 0.0049

Federal Civil Fine: Specific 0.12691 0.4055 5.33e-07 0.1815 5.44e-07 0.1719

Federal Admin Fine: General - 0.87787 0.1278 0.000070 0.0009 0.000071 0.0007

Federal Civil Fine: General 2.76776 0.6000 - 0.000020 0.0460 - 0.000030 0.0086

State Admin Fine: Specific - 0.02414 0.5681 4.14e-06 0.0017 9.49e-06 0.0001

State Admin Fine: General 0.00344 0.7016 0.000022 0.1269 8.73e-07 0.2250

State Civil Fine: General - 0.17555 0.0763 0.000062 0.4586 0.000483 0.2459

a For the analysis of federal sanctions, SEPs and injunctive relief sanctions are combined into a single
category of non-fine sanctions.  One combination factor captures specific deterrence and another
combination factor captures general deterrence.  The regression analysis includes these two
combination deterrence factors as regressors along with all of the non-deterrence regressors used for
the analysis of environmental performance by major chemical facilities in all states.

b The analysis that separates administrative sanctions and civil sanctions excludes the state of West Virginia
since its data does not distinguish between administrative and civil fines.  Consequently, the sample
size drops 7,736 observations.
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Table 21.b. Based on Estimation of BOD Relative Discharges (logged)
(Sample Size = 7,843)

Variable
Fine Count Fine Assessed $ Fine Collected $

Coefficient p-value Coefficient p-value Coefficient p-value

Combined Sanction Source: Administrative and Civil

Federal Fine: Specific 0.12384 0.0398 - 2.71e-07 0.5075 - 2.70e-07 0.5089

Federal Fine: General 0.01279 0.9835 - 8.95e-06 0.0750 - 0.00001 0.0455

State Fine: Specific 0.05881 0.2413 6.54e-06 0.0001 9.69e-06 0.0001

State Fine: General 0.59638 0.1067 - 2.71e-06 0.8014 - 0.00001 0.3752

Separated Sanction Source: Administrative vs Civil b

Federal Admin Fine: Specific 0.161734 0.0058 - 3.71e-07 0.6381 - 4.17e-07 0.5970

Federal Civil Fine: Specific - 0.11639 0.4980 - 8.04e-08 0.8563 - 8.16e-08 0.8540

Federal Admin Fine: General - 1.29896 0.0770 0.00012 0.0001 0.000115 0.0001

Federal Civil Fine: General - 0.82881 0.9020 - 0.00004 0.0046 - 0.00004 0.0022

State Admin Fine: Specific 0.020096 0.7111 7.42e-06 0.0001 0.000015 0.0001

State Admin Fine: General 0.00442 0.7109 0.000012 0.5056 - 2.06e-07 0.8260

State Civil Fine: General - 0.0831 0.5344 0.00019 0.0882 0.000872 0.1109

a For the analysis of federal sanctions, SEPs and injunctive relief sanctions are combined into a single
category of non-fine sanctions.  One combination factor captures specific deterrence and another
combination factor captures general deterrence.  The regression analysis includes these two
combination deterrence factors as regressors along with all of the non-deterrence regressors used for
the analysis of environmental performance by major chemical facilities in all states.

b The analysis that separates administrative sanctions and civil sanctions excludes the state of West Virginia
since its data does not distinguish between administrative and civil fines.  Consequently, the sample
size drops 6,758 observations.
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Table 21.c. Based on Estimation of TSS Relative Discharges (logged)
(Sample Size = 8,581)

Variable
Fine Count Fine Assessed $ Fine Collected $

Coefficient p-value Coefficient p-value Coefficient p-value

Combined Sanction Source: Administrative and Civil

Federal Fine: Specific - 0.02993 0.5127 3.09e-07 0.4123 3.16e-07 0.4012

Federal Fine: General - 0.35796 0.4745 - 0.00002 0.0001 - 0.00002 0.0001

State Fine: Specific - 0.07528 0.0857 2.51e-06 0.0330 4.75e-06 0.0026

State Fine: General 1.11460 0.0002 9.92e-06 0.2685 6.39e-06 0.5546

Separated Sanction Source: Administrative vs Civil b

Federal Admin Fine: Specific - 0.01103 0.8109 - 1.39e-06 0.0702 - 1.41e-06 0.0645

Federal Civil Fine: Specific 0.23500 0.1360 9.09e-07 0.0276 9.01e-07 0.0290

Federal Admin Fine: General - 0.98032 0.1063 0.000058 0.0079 0.00006 0.0059

Federal Civil Fine: General 5.62546 0.3258 - 0.000030 0.0027 - 0.00004 0.0008

State Admin Fine: Specific - 0.13240 0.0065 1.21e-06 0.3810 3.81e-06 0.0890

State Admin Fine: General - 0.02037 0.0410 0.000022 0.157 - 3.07e-07 0.6916

State Civil Fine: General - 0.34686 0.0013 0.000084 0.3463 0.00036 0.4286

a For the analysis of federal sanctions, SEPs and injunctive relief sanctions are combined into a single
category of non-fine sanctions.  One combination factor captures specific deterrence and another
combination factor captures general deterrence.  The regression analysis includes these two
combination deterrence factors as regressors along with all of the non-deterrence regressors used for
the analysis of environmental performance by major chemical facilities in all states.

b The analysis that separates administrative sanctions and civil sanctions excludes the state of West Virginia
since its data does not distinguish between administrative and civil fines.  Consequently, the sample
size drops 7,388 observations.
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Table 21.d. Based on Estimation of Effluent Limit Exceedances Count
(Sample Size = 11,175)

Variable
Fine Count Fine Assessed $ Fine Collected $

Coefficient p-value Coefficient p-value Coefficient p-value

Combined Sanction Source: Administrative and Civil

Federal Fine: Specific - 0.00775 0.8198 - 3.04e-07 0.3610 - 3.07e-07 0.3558

Federal Fine: General 0.21032 0.6149 3.11e-06 0.3434 3.47e-06 0.2935

State Fine: Specific - 0.11430 0.0004 - 1.73e-06 0.0864 - 1.51e-06 0.2696

State Fine: General 0.87423 0.0002 0.000019 0.0077 0.000021 0.0172

Separated Sanction Source: Administrative vs Civil b

Federal Admin Fine: Specific 0.00586 0.8495 - 9.77e-07 0.1000 - 9.79e-07 0.0991

Federal Civil Fine: Specific - 0.03386 0.7949 - 1.35e-07 0.6941 - 1.37e-07 0.6888

Federal Admin Fine: General 0.39146 0.4005 7.98e-06 0.6172 9.21e-06 0.5628

Federal Civil Fine: General - 3.45119 0.3816 - 0.00001 0.0771 - 0.00001 0.0636

State Admin Fine: Specific - 0.02194 0.5010 - 1.24e-06 0.2503 - 9.45e-08 0.9563

State Civil Fine: Specific - 0.04957 0.7732 - 2.63e-07 0.9565 - 5.20e-07 0.9819

State Admin Fine: General - 0.00382 0.5852 3.26e-06 0.7690 - 3.15e-08 0.9552

State Civil Fine: General 0.10185 0.1696 0.00014 0.0224 0.00065 0.0292

a For the analysis of federal sanctions, SEPs and injunctive relief sanctions are combined into a single
category of non-fine sanctions.  One combination factor captures specific deterrence and another
combination factor captures general deterrence.  The regression analysis includes these two
combination deterrence factors as regressors along with all of the non-deterrence regressors used for
the analysis of environmental performance by major chemical facilities in all states.

b The analysis that separates administrative sanctions and civil sanctions excludes the state of West Virginia
since its data does not distinguish between administrative and civil fines.  Consequently, the sample
size drops 9,794 observations.
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Table 22
COMPARISON BETWEEN FEDERAL FINES AND STATE FINES:

Based on Estimation of Composite BOD/TSS Discharges (logged)

Table 22.a.  Specific Deterrence

Comparisons Form of
Fine

Result
(> means more effective;

< means less effective)

State Fine General Deterrence Based on Major Chemical Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ state fine > fed gov’t fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count state admin fine = fed admin fine

assessed $ fed admin fine > state admin fine

collected $ fed admin fine > state admin fine

State Fine General Deterrence Based on NPDES Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ state fine > fed gov’t fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count state admin fine = fed admin fine

assessed $ fed admin fine > state admin fine

collected $ fed admin fine > state admin fine

State Fine General Deterrence Based on All Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ state fine > fed gov’t fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count state admin fine > fed admin fine

assessed $ fed admin fine = state admin fine

collected $ fed admin fine > state admin fine

KEY : admin = administrative; assessed $ = $ value assessed; collected $ = $ value collected;

fed = federal; gov’t = administrative and civil



243

Table 22.b.  General Deterrence

Comparisons Form of Fine Result
(> means more effective;

< means less effective)

State Fine General Deterrence Based on Major Chemical Facilities

H0: fed gov’t fine = state fine count fed gov’t fine > state fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ fed admin fine > state admin fine

collected $ fed admin fine > state admin fine

H0: fed civil fine = state civil fine
count fed civil fine = state civil fine

assessed $ fed civil fine = state civil fine

collected $ fed civil fine = state civil fine

State Fine General Deterrence Based on NPDES Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ state admin fine = fed admin fine

collected $ state admin fine = fed admin fine

H0: fed civil fine = state civil fine count fed civil fine = state civil fine

assessed $ fed civil fine = state civil fine

collected $ fed civil fine = state civil fine



Comparisons Form of Fine Result
(> means more effective;

< means less effective)
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State Fine General Deterrence Based on All Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine = state fine

assessed $ state admin fine > fed admin fine

collected $ state admin fine > fed admin fine

H0: fed civil fine = state civil fine count state civil fine > fed civil fine

assessed $ state civil fine > fed civil fine

collected $ fed civil fine = state civil fine

KEY : admin = administrative

assessed $ = $ value assessed

collected $ = $ value collected

gov’t = administrative and civil
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Table 23
COMPARISON BETWEEN FEDERAL FINES AND STATE FINES:

Based on Estimation of BOD Relative Discharges (logged)

Table 23.a.  Specific Deterrence

Comparisons Form of Fine Result
(> means more effective;

< means less effective)

State Fine General Deterrence Based on Major Chemical Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed. gov’t fine > state fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count state admin fine > fed admin fine

assessed $ fed admin fine > state admin fine

collected $ fed admin fine > state admin fine

State Fine General Deterrence Based on NPDES Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine > state fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count state admin fine > fed admin fine

assessed $ fed admin fine > state admin fine

collected $ fed admin fine > state admin fine

State Fine General Deterrence Based on All Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine > state fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count state admin fine > fed admin fine

assessed $ fed admin fine > state admin fine

collected $ fed admin fine > state admin fine

KEY : admin = administrative; assessed $ = $ value assessed; collected $ = $ value collected;

fed = federal; gov’t = administrative and civil
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Table 23.b.  General Deterrence

Comparisons Form of Fine Result
(> means more effective;

< means less effective)

State Fine General Deterrence Based on Major Chemical Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine > state admin fine

assessed $ state admin fine > fed admin fine

collected $ state admin fine > fed admin fine

H0: fed civil fine = state civil fine
count fed civil fine = state civil fine

assessed $ fed civil fine = state civil fine

collected $ fed civil fine = state civil fine

State Fine General Deterrence Based on NPDES Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ state admin fine > fed admin fine

collected $ state admin fine > fed admin fine

H0: fed civil fine = state civil fine count fed civil fine = state civil fine

assessed $ fed civil fine = state civil fine

collected $ fed civil fine = state civil fine



Comparisons Form of Fine Result
(> means more effective;

< means less effective)
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State Fine General Deterrence Based on All Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ state admin fine > fed admin fine

collected $ state admin fine > fed admins
fine

H0: fed civil fine = state civil fine count fed civil fine = state civil fine

assessed $ fed civil fine = state civil fine

collected $ fed civil fine = state civil fine

KEY : admin = administrative

assessed $ = $ value assessed

collected $ = $ value collected

gov’t = administrative and civil
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Table 24
COMPARISON BETWEEN FEDERAL FINES AND STATE FINES:

Based on Estimation of TSS Relative Discharges (logged)

Table 24.a.  Specific Deterrence

Comparisons Form of Fine Result
(> means more effective;

< means less effective)

State Fine General Deterrence Based on Major Chemical Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed. gov’t fine > state fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count state admin fine > fed admin fine

assessed $ fed admin fine > state admin fine

collected $ fed admin fine > state admin fine

State Fine General Deterrence Based on NPDES Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ state fine > fed gov’t fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count state admin fine = fed admin fine

assessed $ fed admin fine = state admin fine

collected $ fed admin fine > state admin fine

State Fine General Deterrence Based on All Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine > state fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count state admin fine > fed admin fine

assessed $ fed admin fine = state admin fine

collected $ fed admin fine > state admin fine

KEY : admin = administrative; assessed $ = $ value assessed; collected $ = $ value collected;

fed = federal; gov’t = administrative and civil
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Table 24.b.  General Deterrence

Comparisons Form of Fine Result
(> means more effective;

< means less effective)

State Fine General Deterrence Based on Major Chemical Facilities

H0: fed gov’t fine = state fine count fed gov’t fine > state fine

assessed $ fed gov’t fine > state fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ fed admin fine = state admin fine

collected $ state admin fine > fed admin fine

H0: fed civil fine = state civil fine
count fed civil fine = state civil fine

assessed $ fed civil fine = state civil fine

collected $ fed civil fine = state civil fine

State Fine General Deterrence Based on NPDES Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ fed admin fine = state admin fine

collected $ fed admin fine = state admin fine

H0: fed civil fine = state civil fine count fed civil fine = state civil fine

assessed $ fed civil fine = state civil fine

collected $ fed civil fine = state civil fine



Comparisons Form of Fine Result
(> means more effective;

< means less effective)
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State Fine General Deterrence Based on All Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine = state adminfine

assessed $ state admin fine > fed admin fine

collected $ fed admin fine = state admin fine

H0: fed civil fine = state civil fine count state civil fine > state civil fine

assessed $ state civil fine > state civil fine

collected $ fed civil fine = state civil fine

KEY : admin = administrative

assessed $ = $ value assessed

collected $ = $ value collected

gov’t = administrative and civil
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Table 25
COMPARISON BETWEEN FEDERAL FINES AND STATE FINES:

Based on Estimation of Effluent Limit Exceedances Count

Table 25.a.  Specific Deterrence

Comparisons Form of Fine Result
(> means more effective;

< means less effective)

State Fine General Deterrence Based on Major Chemical Facilities

H0: fed gov’t fine = state fine count state fine > fed gov’t fine

assessed $ fed. gov’t fine = state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ fed admin fine = state admin fine

collected $ fed admin fine = state admin fine

H0: fed civil fine = state civil fine count fed civil fine = state civil fine

assessed $ fed civil fine = state civil fine

collected $ fed civil fine = state civil fine

State Fine General Deterrence Based on NPDES Facilities

H0: fed gov’t fine = state fine count state fine > fed gov’t fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ fed admin fine = state admin fine

collected $ fed admin fine = state admin fine

H0: fed civil fine = state civil fine count fed civil fine = state civil fine

assessed $ fed civil fine = state civil fine

collected $ fed civil fine = state civil fine



Comparisons Form of Fine Result
(> means more effective;

< means less effective)
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State Fine General Deterrence Based on All Facilities

H0: fed gov’t fine = state fine count state fine > fed gov’t fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ fed admin fine = state admin fine

collected $ fed admin fine = state admin fine

H0: fed civil fine = state civil fine count fed civil fine = state civil fine

assessed $ fed civil fine = state civil fine

collected $ fed civil fine = state civil fine

KEY : admin = administrative

assessed $ = $ value assessed

collected $ = $ value collected

fed = federal

gov’t = administrative and civil
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Table 25.b.  General Deterrence

Comparisons Form of Fine Result
(> means more effective;

< means less effective)

State Fine General Deterrence Based on Major Chemical Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ state fine > fed gov’t fine

collected $ state fine > fed gov’t fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ fed admin fine = state admin fine

collected $ fed admin fine = state admin fine

H0: fed civil fine = state civil fine
count fed civil fine = state civil fine

assessed $ fed civil fine > state civil fine

collected $ fed civil fine > state civil fine

State Fine General Deterrence Based on NPDES Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine = state fine

collected $ fed gov’t fine > state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ fed admin fine = state admin fine

collected $ fed admin fine = state admin fine

H0: fed civil fine = state civil fine count fed civil fine > state civil fine

assessed $ fed civil fine > state civil fine

collected $ fed civil fine > state civil fine



Comparisons Form of Fine Result
(> means more effective;

< means less effective)
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State Fine General Deterrence Based on All Facilities

H0: fed gov’t fine = state fine count fed gov’t fine = state fine

assessed $ fed gov’t fine > state fine

collected $ fed gov’t fine = state fine

H0: fed admin fine = state admin fine count fed admin fine = state admin fine

assessed $ fed admin fine = state admin fine

collected $ fed admin fine = state admin fine

H0: fed civil fine = state civil fine count fed civil fine = state civil fine

assessed $ fed civil fine > state civil fine

collected $ fed civil fine > state civil fine

KEY: admin = administrative
assessed $ = $ value assessed
collected $ = $ value collected
gov’t = administrative and civil
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Table 26

Facility Characteristics of Survey Respondents

Survey Topic
Survey
Question
No.

Response

Year of first NPDES permit (n=235)

1

Mean = 1982

Median= 1981

Std. 9.5 yr.

Number of facility employees as full-time
equivalents (FTE) in 2001 (n=261)

2

Mean = 251

Median= 105

Std. 491

Number of facility employees as full-time
equivalents (FTE) in 2000 (n=258)

2a

Mean = 259

Median= 110

Std. 485

Number of facility employees as full-time
equivalents (FTE) in 1999 (n=253)

2b

Mean = 266

Median= 120

Std. 473

Company ownership structure (n=267)

3

5% Sole proprietorship

6% Partnership

46% Publicly-held or traded

36% Privately-held corporation

7% Other

Facility’s total annual product output in
2001 (in tons) (n=201)

4

Median= 50,000

Std. 1,700,000

Range 18 to 2,300,000,000

Facility’s total annual product output in
2000 (in tons) (n=193)

4a

Median= 58,450

Std. 2,000,000

Range 32 to 2,600,000,000
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Facility’s total annual product output in
1999 (in tons) (n=184)

4b

Median= 50,050

Std. 2,000,000

Range 38 to 2,600,000,000

Number of company employees (n=246)

5c

Median= 3,000

Std. 43,254

Range 8 to 450,000

Principal BOD removal technology
(n=254) 13d

42% No BOD removal technology

29% Activated Sludge

29% Other BOD removal technologies

Principal TSS removal technology
(n=252) 13e

31% No TSS removal technology

23% Sedimentation

46% Other TSS removal technologies
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Table 27

Measures of Environmental Behavior

Measure of
Environmental Behavior

Survey
Question

No.
Response

Facility environmental employees
(person-months) in 2001 (n=248) 5

Median= 20

Std. Dev.= 78

Range 0.04 to 440

Facility environmental employees
(person-months) in 2000 (n=246) 5a

Median= 24

Std. Dev.= 76

Range 0.04 to 410

Facility environmental employees
(person-months) in 1999 (n=246) 5b

Median= 24

Std. Dev.= 80

Range 0 to 480

Number of company
environmental employees (n=213) 5d

Median= 15

Std. Dev.= 308

Range 0 to 2,000

Percent of environmental
employees with college education
(n=241)

6

Median= 75

Std. Dev.= 39.3

Range 0 to 100

Average number of years of
experience for environmental
employees (n=258)

7

Median= 12

Std. Dev.= 6.13

Range 1 to 30

Type of training program for
environmental employees (n=265)

8

7% None

30% Internal (in-house) only

31% External only

32% Both internal and external

Annual training  budget for
environmental employees (n=134) 9a

Median= $10,000

Std. Dev.= $91,231

Range $0 to $1,000,000

Annual days of training for
environmental employees (n=231) 9b

Median= 5.0

Std. Dev.= 23.1

Range 0 to 187

Percent of environmental
employees attending training
(n=235)

9c

Median= 100%

Std. Dev.= 23%

Range 0 to 100%



Measure of
Environmental Behavior

Survey
Question

No.
Response
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Number of facility wastewater
employees (n=250) 10

Median= 4

Std. Dev.= 17.1

Range 0 to 180

Percent of contract wastewater
employees (n=254) 11

Median= 0%

Std. Dev.= 20%

Range 0 to 100%

Has facility used external
consultants for wastewater issues?
(n=262)

11a
32% No 

68% Yes

Annual expenditures for
wastewater consultants (n=148) 11b

Median= $10,000

Std. Dev.= $62,045

Range $0 to $425,000

Wastewater treatment facility
upgrade performed in 1999 to
2001 (n=256)

13
39% No upgrade completed

61% Yes, upgrade completed

If upgrade performed, were
pollutant discharges reduced?
(n=155)

13b
25% No, pollutant discharges not reduced

75% Yes, pollutant discharges reduced

Stringency of Wastewater Process
& Sewer Monitoring (n=249)

13c

21% Effluent monitoring only

15% Effluent + process monitoring

28% Effluent + process + single pt. sewer monitoring

36% Effluent + process + multiple pt. sewer monitoring

ISO 14001 Compliance (n=240)
16

88% No

12% Yes

Audit Team Composition (n=252)

17

4% No audits conducted

14% Visiting corporate and/or consultants only

27% Team of facility employees

55% Team of facility and corporate/consultants

Number of Annual Audits in 2001
(n=189)

18

43% 1 per year

18% 2-3 per year

18% 4-8 per year

21% 9 or more per year



Measure of
Environmental Behavior

Survey
Question

No.
Response
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Number of Annual Audits in 2000
(n=182)

18a

48% 1 per year

14% 2-3 per year

18% 4-8 per year

20% 9 or more per year

Audit Findings Classification
Protocol (n=235)

19

25% Only non-compliance findings noted

30% 2 categories: non-compliance and other

28% Findings placed into priority categories

17% Findings serially-ranked for non-compliance risk

Self-Rating of Environmental
Employee Concern for
Environmental Protection (Scale
of 1 to 10, 10=very high, n=260)

21

Mean= 8.9

Std. Dev.= 1.3

Range 4 to 10

Self-Rating of General Employee
Concern for Environmental
Protection 
(Scale of 1 to 10, 10=very high,
n=259)

22

Mean= 7.4

Std. Dev.= 1.7

Range 3 to 10

Self-Rating of Management
Concern for Environmental
Protection 
(Scale of 1 to 10, 10=very high,
n=261)

23

Mean= 8.8

Std. Dev.= 1.4

Range 4 to 10

Relative rank of environmental
performance to other facility goals
(n=261)

23a

1% Not important

3% Of minor important

31% Fairly important

65% Among the most important

Communication: Environmental
Performance Goals to Employees
(n=266) 
[note all that apply]

24

62% Regularly scheduled meetings or briefings

48% Regular memorandum, newsletter, or email

38% Public display board

72% General worker training or orientation

60% Review item for design or construction projects

12% Other



Measure of
Environmental Behavior

Survey
Question

No.
Response
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Communication: Environmental
Performance Goals to External
Parties (n=267)
[note all that apply]

25

28% Press releases

11% Advertising

41% Open house

32% Focus groups

34% Websites or internet messages

20% Other

Role of general employees in
identifying and correcting
conditions that may lead to
non-compliance (n=260)

26

1% Not important

8% Somewhat important

22% Important

69% Very important

Role of general plant employees in
identifying ways to prevent or
minimize the facility’s level of
wastewater pollutants (n=256)

27

2% Not important

10% Somewhat important

30% Important

58% Very important
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Table 28

Responses to Survey Questions on Managerial Perspectives on Community Pressure and
Facilities’ Standing in Local Community regarding Environmental Protection

1. In your view, to what degree does your facility contribute to the local economy relative to other
local businesses in terms of jobs, taxes, and the like? N=259

  3.5% (9) Very little
25.5% (66) A small amount
45.2% (117) A significant amount
25.9% (67) A great deal

2. In terms of your facility’s relations with the community, would you say that the community
currently has a generally negative or generally positive assessment of your facility and its operations
in relation to the environment?  Please rank the community’s assessment on a scale from 0 to 10,
with 0 meaning very negative and 10 meaning very positive. N=253

Mean 7.35
Median 8.0
0   0.8% (2)
1   0.0%
2   0.8% (2)
3   0.4% (1)
4   4.3% (11)
5 12.3% (31)
6   9.5% (24)
7 19.0% (48)
8 27.3% (69)
9 11.1% (28)
10 14.6% (37)

3. On a scale from 0 to 10, with zero being very low and 10 being very high, please rate the degree
to which the citizens of the community in which your facility operates are currently concerned with
environmental protection. N=

Mean 6.8
Median 7.0
0   0.8% (2)
1   0.8% (2)
2   2.3% (6)
3   3.5% (9)
4   5.1% (13)
5 17.1% (44)
6   9.7% (25)
7 15.6% (40)
8 25.7% (66)
9   9.3% (24)
10 10.1% (26)
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4. In the past 3 years, has your facility been the subject of any negative or positive media attention
with respect to environmental issues (for example, a story in the local paper commending how many
years it has been since you had an accidental spill)? N=259

62.2% (161) No
16.6% (43) Yes, Negative Media Attention
16.2% (42) Yes, Positive Media Attention

5. In the past three years have representatives of your facility met with citizen-formed community
groups, such as community action panels, over issues involving the environment? N=257

38.9% (100) No
59.9% (154) Yes
  1.2% (3) Don’t Know

6. In the past three years have representatives of your facility met with community leaders over
issues involving the environment? N=257

36.2% (93) No
63.4% (163) Yes
  0.4% (1) Don’t know

7.  Do you believe that your facility has changed its behavior or operations in the past 3 years in
response to pressure from the community over issues involving the environment? N=257

77.8% (200) No
19.8% (51) Yes
  2.3% (6) Don’t know

8. Which of the following best describes the attitudes that managers of your facility have towards
the facility’s need to respond to local community concerns about the environment? N=259

  1.9% (5) Little concern about need to respond
10.4% (27) Some concern
29.0% (75) Quite a bit of concern, or
57.1% (148) A great deal of concern
  1.5% (4) Don’t know
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Table 29

Determinants of Stringency of Wastewater Monitoring Program

Independent Variables COEFFICIENT z/T Score Prob. >

Community: Support for Bush 00   .0045  0.41  .681

Community: Voter turnout   .0064  0.32  .747

Respondent: Belief in need for
government regulation 

  .0269  0.28  .776

Facility: Publicly owned  -.4489 -1.84  .066

Facility: # of employees  -.0007 -1.84  .066

Facility: Regulator cooperative? -1.5859 -2.00  .045

Facility: Dispute with regulator?  -.1501 -0.46  .645

Log Likelihood
LR Chi Square
Prob. Chi Square
N=

-307.321
  15.39
     .031
236

Note: Dependent variable question: “Of the following, which best describes your wastewater
program?” 1) Multiple-point sewer monitoring + treatment process monitoring, 2) Single-point
sewer monitoring + treatment process monitoring, 3) Treatment process monitoring, 4) No
monitoring (except final discharge monitoring); Logit equation
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Table 30

Determinants of seeking assistance from regulator for reducing wastewater discharge

Independent Variables COEFFICIENT z/T Score Prob. >

Community: Support for Bush 00  -.0362 -2.56  .010

Community: Voter turnout  -.0305 -1.19  .234

Respondent: Belief in need for
government regulation 

  .1803  1.45  .146

Facility: Publicly owned   .1820  0.58  .563

Facility: # of employees  -.0005 -0.94  .350

Facility: Regulator cooperative? -1.0135 -1.24  .216

Facility: Dispute with regulator?   .6942  1.87  .062

Log Likelihood
LR Chi Square
Prob. Chi Square
N=

-128.228
  18.02
     .01
237

Note: Logit model.
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Table 31

Determinants of stringency of environmental self-audits

Independent Variables COEFFICIENT Z/T SCORE PROB. >

Midwest -.6446 -1.94 .053

Texas .1023 .21 .833

Community: Support for Bush 00 .0063 .52 .604

Community: Voter turnout .0482 1.92 .055

Respondent: Belief in need for
government regulation 

-.0585 -.58 .564

Facility: Publicly owned -.6344 -2.42 .015

Major Facility -.6724 -2.40 .016

Facility: Regulator cooperative? .2815 .37 .710

Log Likelihood
LR Chi Square
Prob. Chi Square
N=

-256.474
17.86
.0223
243

Note: Dependent variable question: If at all, who generally conducts environmental self-audits at
your facility?  Please choose one best answer from the following: N=256; 53.9% (138) Teams of
facility employees and visiting corporate staff and/or consultants, 26.6% (68) Teams of various
facility employees, 13.7% (35) Visiting corporate and/or consultants only, 4.3% (11) No internal
audits conducted; ordered Logit model.
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Table 32

Determinants of stringency response to the level of importance the management places
on the role of general plant employees in reducing non-compliance

Independent Variables COEFFICIENT z/T Score Prob. >

Midwest -.1232 -.34 .731

Texas .1444 .28 .778

Community: Support for Bush 00 -.0151 -1.10 .272

Community: Voter turnout .0247 .90 .366

Respondent: Belief in need for
government regulation 

-.4156 -3.42 .001

Facility: Publicly owned .4292 1.45 .147

Major Facility .9511 2.79 .005

Facility: Regulator cooperative? 2.7429 3.71 .000

Log Likelihood
LR Chi Square
Prob. Chi Square
N=

-190.285
41.35
.0000
252

Note: Dependent variable question: What level of importance does the facility’s management place
on the role of general plant employees in  identifying and correcting conditions that may lead to
non-compliance with environmental regulations for water pollutant discharge? (Note: by
general plant employees we mean all non-management employees). N=260; 1.2% (3) Not important;
8.1% (21) Somewhat important; 21.9% (57) Important; 68.8% (179) Very important; ordered Logit
model.
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Table 33

Determinants of stringency response to the level of importance the management places
on the role of general plant employees in reducing pollution

Independent Variables COEFFICIENT z/T Score Prob. >

Midwest .262 .79 .43

Texas .8545 1.74 .083

Community: Support for Bush 00 -.0039 -.31 .753

Community: Voter turnout .0139 .56 .574

Respondent: Belief in need for
government regulation 

-.2173 -2.06 .040

Facility: Publicly owned .0027 .01 .992

Major Facility .6767 2.34 .019

Facility: Regulator cooperative? 1.457 2.15 .031

Log Likelihood
LR Chi Square
Prob. Chi Square
N=

-233.363
21.16
.0067
248

Note: Dependent variable question: What level of importance does the facility’s management place
on the role of general plant employees in identifying ways to prevent or minimize the facility’s
level of pollutants entering the sewer system? N=259; 1.5% (4) Not important; 10.4% (27)
Somewhat important; 29.3% (76) Important; 57.5% (149) Very important; Ordered Logit model.
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Table 34
Summary Statistics and Classification of Individual Behavioral Measures

Behavioral
Measure

Type of Measure:
C = continuous
O = ordinal
D = discrete (0,1)

Timeframe:
A = Annual
C = Current
3 = 3-Year

N Median Mean

Stringency of Wastewater Monitoring O C 92 4 3.1957

Audit Team Composition O C 88 4 3.5227

Audit Findings Classification Protocol O C 90 2.5 2.5222

Annual Audits C A 86 1 6.3256

Compliance Assistance Materials
  Meeting Facility’s Needs

D 3 86 3 2.7907

Managerial Importance: Identifying &
  Correcting Non-Compliance

O C 92 4 3.7609

Managerial Importance: Identifying &
  Preventing Sewer Discharge

O C 89 4 3.6180

Communication: Environmental
  Performance Goals to Employees

C C 93 4 3.3226

Communication: Environmental
 Performance Goals to External Party

C C 93 2 2.3548

Treatment Upgrade: Reduce Discharge D 3 88 1 0.5341

Assistance from Regulator on
  Discharge Reductions

D 3 91 0 0.2418

ISO 14001 Compliance D C 87 0 0.1264

Ratio: Facility Environmental
  Employees to Facility Employees

C A 88 0.021 0.0561

College Education of Facility
  Environmental Employees (%)

C C 90 0.5 0.5500

Years of Experience for Facility
  Environmental Employees

C C 91 12 13.363

Ratio: Wastewater Employees to
  Facility Employees

C C 89 0.033 0.1040

Type of Environmental Training O C 93 2 2.1505

Annual # of Environ. Training  Days C C 87 5 10.204

Attendance at Environ. Training (%) C C 90 100 89.522

Ratio: Wastewater Consultant
  Expenditures to Facility Employees

C 3 84 55.575 290.112
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Table 35

Number of Non-Missing Behavioral Measures

# of Non-Missing Behavioral Measure Values Frequency (# of facilities)

16 2

17 2

18 13

19 17

20 57
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Table 36

Estimation of Scaled Environmental Behavioral Index

Variable Coefficient p-value

Intercept 173.107 0.0104

Admin Penalty Count: Specific Deterrence - 8.515 0.9074

Admin Penalty Count: General Deterrence 1092.598 0.5689

State Inspections: Specific Deterrence - 11.340 0.0468

Federal Inspections: Specific Deterrence - 28.770 0.1911

State Inspections: General Deterrence 25.309 0.0235

Federal Inspections: General Deterrence - 309.348 0.0578

Cooperative Enforcement Approach a 105.959 0.0942

Local Community Pressure - 45.683 0.2828

Substantial Facility Local Economic Impact b 5.676 0.8422

Flow Capacity (lagged) 1.431 0.6234

Overall Effluent Limit (lagged) - 0.414 0.2628

Facility Age (lagged) - 0.043 0.917

Number of Facility Employees (lagged) - 0.080 0.0055

BOD/TSS Treatment Technology - 95.666 0.0088

Inorganic Chemical Sector c - 42.996 0.1184

Organic Chemical Sector c - 10.091 0.6495

Publicly-Held Ownership Structure (lagged) d 18.060 0.3368

Number of Observations 82

Adjusted R2 0.0828

a Omitted category is coercive enforcement approach.
b Omitted category is “very little” or “small” economic impact.
c Omitted category is “other chemical” sector.
d Omitted category is all ownership structures except publicly-held corporation.
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Table 37

Estimation of Environmental Performance by Survey Respondents: Linear Specification

Variable
Long Regressor Set Short Regressor Set

Coefficient p-value Coefficient p-value

Intercept 0.5309 0.0001 0.4780 0.0001

Behavioral Index - 497.7 E-6 0.0204  - 536.1 E-6 0.0087

Admin Penalty Count: Specific Deterrence 0.0210 0.8845 0.0732 0.6152

Admin Penalty Count: General Deterrence - 6.6926 0.1217 - 3.9819 0.3196

State Inspections: Specific Deterrence - 0.0116 0.2135 - 0.0057 0.4697

Federal Inspections: Specific Deterrence - 0.0168 0.7234 - 0.0114 0.7661

State Inspections: General Deterrence 0.0252 0.1769 0.0098 0.5763

Federal Inspections: General Deterrence 0.3370 0.2910 0.2365 0.4301

Cooperative Enforcement Approach a - 0.1175 0.3101 N/A N/A

Local Community Pressure - 0.1219 0.0819 - 0.1081 0.0584

Substantial Facility Local Economic Impact b - 0.0016 0.9734 N/A N/A

Flow Capacity 0.0007 0.9111 N/A N/A

Overall Effluent Limit 0.0004 0.5183 N/A N/A

Facility Age - 0.0024 0.0025 - 0.0017 0.0179

Number of Facility Employees 4.19 E-6 0.9533 N/A N/A

BOD/TSS Treatment Technology - 0.1429 0.0138 - 0.1341 0.0127

Inorganic Chemical Sector c 0.0721 0.1637 N/A N/A

Organic Chemical Sector c 0.0993 0.0274 N/A N/A

Publicly-Held Ownership Structure d 0.0350 0.3266 N/A N/A

Number of Observations 75 85

Adjusted R2 0.2045 0.1174

Hausman Test for Exogeneity [p-value] 1.01 [0.3170] 1.04 [0.3028]

a Omitted category is coercive enforcement approach.
b Omitted category is “very little” or “small” economic impact.
c Omitted category is “other chemical” sector.
d Omitted category is all ownership structures except publicly-held corporation.
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Table 38

Estimation of Environmental Performance by Survey Respondents: Semilog Specification

Variable
Long Regressor Set Short Regressor Set

Coefficient p-value Coefficient p-value

Intercept 2.6399 0.2498 - 0.9983 0.2584

Behavioral Index - 0.0112 0.0057 - 0.0105 0.0047

Admin Penalty Count: Specific Deterrence 1.1620 0.6466 1.2329 0.6351

Admin Penalty Count: General Deterrence - 90.3629 0.2616 - 46.9973 0.5179

State Inspections: Specific Deterrence - 0.0366 0.8332 0.0845 0.5567

Federal Inspections: Specific Deterrence 0.4855 0.5852 0.7148 0.3059

State Inspections: General Deterrence 0.2904 0.4030 0.0057 0.9857

Federal Inspections: General Deterrence 5.5177 0.3550 4.6507 0.392

Cooperative Enforcement Approach a - 2.8083 0.1959 N/A N/A

Local Community Pressure - 0.7216 0.5772 N/A N/A

Substantial Facility Local Economic Impact b 0.6086 0.5068 N/A N/A

Flow Capacity - 0.0138 0.9105 N/A N/A

Overall Effluent Limit 129.6 E-6 0.9918 N/A N/A

Facility Age - 0.0521 0.0006 - 0.0341 0.0082

Number of Facility Employees 496.7 E-6 0.7108 N/A N/A

BOD/TSS Treatment Technology - 1.5487 0.1465 N/A N/A

Inorganic Chemical Sector c 0.7817 0.4170 N/A N/A

Organic Chemical Sector c 0.8511 0.3036 N/A N/A

Publicly-Held Ownership Structure d 0.8354 0.2125 N/A N/A

Number of Observations 75 85

Adjusted R2 0.1281 0.0896

Hausman Test for Exogeneity [p-value] 0.46 [0.6660] 0.47 [0.6366]

a Omitted category is coercive enforcement approach.
b Omitted category is “very little” or “small” economic impact.
c Omitted category is “other chemical” sector.
d Omitted category is all ownership structures except publicly-held corporation.
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Table 39

Estimation of Environmental Performance by Survey Respondents: Effect of Financial Status

Variable
Linear Specification a Semilog Specification b

Coefficient p-value Coefficient p-value

Financial Performance: Return on Assets 0.6404 0.0958 14.903 0.0901

Financial Resource Availability:
 Ratio of Liquid Assets to Total Assets

0.0099 0.8878 - 4.504 0.6900

Number of Observations 57 54

Adjusted R2 0.2494 0.0631

a Estimation of the linear specification also includes the following unreported regressors: intercept,
presence of BOD and/or TSS treatment technology, inorganic chemicals sector indicator,
organic chemicals sector indicator, flow capacity proxy, state inspections-related specific
deterrence, federal inspections-related specific deterrence, state inspections-related general
deterrence, and federal inspections-related general deterrence.

b Estimation of the semilog specification also includes the following unreported regressors: intercept,
presence of BOD and/or TSS treatment technology, inorganic chemicals sector indicator,
organic chemicals sector indicator, flow capacity proxy, state inspections-related specific
deterrence, federal inspections-related specific deterrence, state inspections-related general
deterrence, federal inspections-related general deterrence, scaled behavioral index, facility
age, number of facility employees, cooperative enforcement approach indicator, and
perceived community pressure index.
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Table 40

Responses to Hypothetical Scenarios

Scenario

Choice to Improve Maintenance

Yes No

Frequency % Frequency %

Scenario # 1: Year 1 213 86.94 32 13.06

Scenario # 1: Year 2 227 91.90 20 8.10

Scenario # 2: Year 2 238 96.75 8 3.25

Scenario # 3: Year 2 237 96.73 8 3.27
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Table 41

Responses to Year 1 and Year 2 of Scenario # 1

Table 41.a. Response to Scenario # 1: Year 1 and Response to Scenario # 1: Year 2

Response in Year 1 Response in Year 2

Frequency PercentImproved
Maintenance?

Improved
Maintenance?

No No 12 4.98

No Yes 20 8.30

Yes No 7 2.90

Yes Yes 202 83.82

Table 41.b. Response to Year 1 of Scenario # 1 versus Response to Year 2 of Scenario # 1

Scenario Response
Year 1 of Scenario # 1 Year 2 of Scenario # 1

Frequency (column %) Frequency (column %)

No Improved Maintenance
32

(13.28 %)
19

(7.88 %)

Improved Maintenance
209

(86.72 %)
222

(92.12 %)
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Table 42

Probit Estimation of Switch from “No Improved Maintenance” in Year 1 of Scenario # 1
to “Improved Maintenance” in Year 2 of Scenario # 1

Regressor 1st Set 2nd Set 3rd Set 4th Set 5th Set

Publicly-Held Ownership a
- 0.6464
(0.0399)

- 0.5421
(0.1138)

- 0.5352
(0.1175)

- 0.5727
(0.1030)

- 0.4494
(0.2727)

Organic Chemical Sector b
- 0.1901
(0.5162)

- 0.2800
(0.3560)

- 0.2617
(0.3933)

- 0.2109
(0.5010)

- 0.1656
(0.6268)

Inorganic Chemical Sector b
- 0.4424
(0.1622)

- 0.7385
(0.0410)

- 0.7288
(0.0440)

- 0.6922
(0.0646)

- 1.2399
(0.0203)

Major Facility c - 0.4113
(0.1986)

- 0.2427
(0.4850)

- 0.2001
(0.5866)

- 0.2016
(0.5656)

0.1643
(0.6957)

Facility Age
- 0.0049
(0.3694)

- 0.0047
(0.3865)

- 0.0021
(0.7113)

- 0.0077
(0.2523)

Number of Facility Employees
- 0.0005
(0.5160)

- 0.0005
(0.5255)

- 0.0006
(0.4329)

- 0.0009
(0.2988)

State Inspections: Specific Deterrence
- 0.0343
(0.7640)

Fed Inspections: Specific Deterrence
- 4.5218
(0.9998)

Cooperative Enforcement Approach d
0.6951

(0.1433)
0.6586

(0.2057)

Provision of Environmental Training e - 0.7182
(0.1019)

Managerial Importance:
  Identify/Correct Non-Compliance

- 0.6166
(0.0136)

Presence of Self-Auditing f - 1.0010
(0.1032)

Sample Size 232 223 223 220 205

Log-likelihood - 62.003 - 55.606 - 55.516 - 52.681 - 42.241

An intercept term is included in each regressor set.
P-values are shown in parentheses below the coefficient estimates.
a Omitted category: all ownership structure other than publicly-held corporations.
b Omitted category: “other chemicals” sectors.
c Omitted category: minor facility.
d Omitted category: coercive enforcement approach.
e Omitted category: absence of the provision of environmental training.
f Omitted category: absence of self-auditing.
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Table 43

Probit Estimation of Decision to Improve Maintenance in Scenarios # 1, # 2, and # 3:

1st Pooling Formulation:
Year 1 of Scenario # 1, Year 2 of Scenario # 2, and Year 2 of Scenario # 3

2nd Pooling Formulation:
Year 2 of Scenario # 1, Year 2 of Scenario # 2, and Year 2 of Scenario # 3

3rd Pooling Formulation:
Year 1 of Scenario # 1, Year 2 of Scenario # 1, Year 2 of Scenario # 2, and

Year 2 of Scenario # 3

Table 43.a. Primary Regressor Set: Fine Size and Fine Likelihood

Regressor
1st Pooling 2nd Pooling 3rd Pooling

Coeff p-value Coeff p-value Coeff p-value

Fine Size (log) 0.3839 0.0003 0.2349 0.0248 0.2349 0.0248

Fine Likelihood (log) 0.3666 0.0011 0.1873 0.1026 0.1873 0.1026

Year 1 of Scenario # 1 a - 0.3634 0.0178

LR Test of H0: Equal Effects 0.018 0.134 0.134

Sample Size 711 711 948

Log-likelihood - 159.154 - 127.192 - 224.014

All estimations also include an intercept term.
a Omitted category: Year 2 of Scenario # 1, Year 2 of Scenario # 2, or Year 2 of Scenario # 3.
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Table 43.b. Regressor Set: Inclusion of Facility/Firm Characteristics

Regressor
1st Pooling 2nd Pooling 3rd Pooling

Coeff p-value Coeff p-value Coeff p-value

Fine Size (log) 0.4165 0.0003 0.2510 0.0304 0.2513 0.0282

Fine Likelihood (log) 0.3928 0.0014 0.2006 0.1164 0.1958 0.1172

Year 1 of Scenario # 1 a - 0.3998 0.0157

Facility Age - 0.0070 0.0240 0.0001 0.7776 0.0002 0.4736

Number of Facility Employees 0.0001 0.7117 - 0.0132 0.0001 - 0.0090 0.0006

Publicly-Held Ownership b 0.7779 0.0003 0.6304 0.0058 0.6166 0.0005

Organic Chemical Sector c 0.2140 0.2838 - 0.0809 0.7219 0.0837 0.6228

Inorganic Chemical Sector c 0.4202 0.0538 0.1973 0.4332 0.3256 0.0835

Major Facility d - 0.0477 0.8130 - 0.0500 0.8163 0.0129 0.9392

Sample Size 678 678 904

Log-likelihood - 136.533 - 107.042 - 190.321

All estimations also include an intercept term.
a Omitted category: Year 2 of Scenario # 1, Year 2 of Scenario # 2, or Year 2 of Scenario # 3.
b Omitted category: all ownership structure other than publicly-held corporations.
c Omitted category: “other chemicals” sectors.
d Omitted category: minor facility.
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Table 43.c. Regressor Set: Inclusion of Facility/Firm Characteristics and Enforcement Approach

Regressor
1st Pooling 2nd Pooling 3rd Pooling

Coeff p-value Coeff p-value Coeff p-value

Fine Size (log) 0.4067 0.0004 0.2505 0.0311 0.2509 0.0291

Fine Likelihood (log) 0.3958 0.0017 0.2107 0.1056 0.2084 0.1035

Year 1 of Scenario # 1 a -0.3791 0.0241

Facility Age - 0.0071 0.0265 - 0.0126 0.0003 - 0.0089 0.0010

Number of Facility Employees 0.0001 0.8267 0.0001 0.9062 0.0001 0.5947

Publicly-Held Ownership b 0.7338 0.0009 0.5880 0.0112 0.5680 0.0015

Organic Chemical Sector c 0.2209 0.2795 - 0.0342 0.8813 0.1013 0.5601

Inorganic Chemical Sector c 0.4207 0.0595 0.2256 0.3734 0.3317 0.0840

Major Facility d - 0.0111 0.9570 - 0.0124 0.9549 0.0530 0.7591

Cooperative Enforce Approach e 0.5421 0.0202 0.4821 0.0569 0.5584 0.0046

Sample Size 672 672 896

Log-likelihood - 131.872 - 105.273 - 184.137

All estimations also include an intercept term.
a Omitted category: Year 2 of Scenario # 1, Year 2 of Scenario # 2, or Year 2 of Scenario # 3.
b Omitted category: all ownership structure other than publicly-held corporations.
c Omitted category: “other chemicals” sectors.
d Omitted category: minor facility.
e Omitted category: coercive enforcement approach.
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Table 43.d. Regressor Set: Inclusion of Characteristics, Enforcement Approach, Environmental
Behavior

Regressor
1st Pooling 2nd Pooling 3rd Pooling

Coeff p-value Coeff p-value Coeff p-value

Fine Size (log) 0.4195 0.0008 0.2320 0.0646 0.2386 0.0560

Fine Likelihood (log) 0.3689 0.0056 0.1520 0.2727 0.1542 0.2583

Year 1 of Scenario # 1 a - 0.4545 0.0134

Facility Age - 0.0056 0.1247 - 0.0132 0.0014 - 0.0083 0.0079

Number of Facility Employees 0.0001 0.6388 0.0001 0.8176 0.0002 0.4934

Publicly-Held Ownership b 0.6171 0.0119 0.6278 0.0192 0.5101 0.0126

Organic Chemical Sector c 0.1306 0.5561 - 0.1259 0.6260 0.0103 0.9576

Inorganic Chemical Sector c 0.4291 0.0863 0.1274 0.6538 0.3038 0.1628

Major Facility d - 0.1896 0.4136 - 0.1610 0.5165 - 0.1223 0.5348

Cooperative Enforce Approach e 0.6203 0.0195 0.7117 0.0121 0.6961 0.0017

Provision of Environ. Training f 0.6982 0.0120 0.4826 0.1514 0.7052 0.0037

Managerial Importance: Identify,
Correct Non-Compliance

0.2183 0.1001 0.0690 0.6391 0.1584 0.1700

Protocol for Classifying
 Self- Audit Findings

0.1113 0.1970 0.0937 0.3252 0.136 0.0655

Ratio: Environmental/Overall
  Facility Employees

1.8346 0.2990 5.3538 0.1757 2.6976 0.1230

Sample Size 606 606 792

Log-likelihood - 117.402 - 91.015 - 158.439

All estimations also include an intercept term.
a Omitted category: Year 2 of Scenario # 1, Year 2 of Scenario # 2, or Year 2 of Scenario # 3.
b Omitted category: all ownership structure other than publicly-held corporations.
c Omitted category: “other chemicals” sectors.
d Omitted category: minor facility.
e Omitted category: coercive enforcement approach.
f Omitted category: absence of the provision of environmental training.
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