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This paper proposes using certified third parties, coupled with Model Risk Management Programs
(Model RMPs), to implement EPA's Proposed Rule on the prevention of chemical accidental
releases. We concentrate on the insurance aipects of this third-party approach and show that it
could enable insurers to more cost-effectively provide coverage against the risks of chemical accidental releases. The third-party approach may also signal the facility's safety and reduce the
enforcement costs of regulations.
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1. INTRODUCTION

strictly as an enforcer, the inspector can assist the firm
in complying with a set of regulations.@)If any area is
out of compliance, the regulated firms could choose to
iflore the third-Party repofis and deal directly with the
regulators; however, this would entail a lengthy and
cumbersome negotiation and remediation process. A better alternative would be to have the third
work Out
a timely remediation program that would be agreeable
to the regulators.
In the course of this activity, third parties will have
an incentive to collect and analyze risk data which may
prove usehl to any firm under scrutiny, the regulators
themselves as well as other interested parties such as
insurance companies and the affected public. Third parties with considerable expertise in engineering risk and
hazard assessment will be able to assist the regulated
facility in using expert systems and probabilistic techniques such as event trees, fault trees, and influence diagrams, described in more detail by Yao.") While many
industrial firms constrained by resources do not have the
capability to develop and use these techniques, third parties can apply the techniques over a large cross-section
of different industrial segments, achieving both economies of scale and scope. ln providing the information,
the inspector may determine whether the firm is in compliance with specific codes and suggest the types of cost-

Section 112(r) of the Clean Air Act Amendments
(CAAA) of 1990 requires the U.S. Environmental Protection Agency (EPA) to develop regulations for the prevention and mitigation of major chemical accidental
releases, including worst-case releases.(') One of its major provisions, reflected in EPA's rule,@)requires &emical facilities to develop and implement risk management
programs (RMPs)(~)for preventing the occurrence and
mitigating the consequences of such releases and share
these prevention plans with the public.(4)
This paper examines the extent to which EPA can
utilize market mechanisms, such as third-party inspections and insurance, as an alternative to traditional cornmand-and-control procedures, to satisfy the CAAA
requirement^.'^)
The principal advantage of these inspections Over
command-and-control procedures is that there is a voluntary contractual relationship between the firmand the
party auditing the facility. Rather than being viewed
I
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effective loss prevention mechanisms which the facility
might consider adopting.
The paper is organized as follows. The next section
describes the CAAA of 1990 and characterizes the institutional arrangements associated with implementing
risk-management programs as part of the major
accident-prevention program. Section 2 also looks at
some possible benefits of the third-party approach when
compared to the traditional command-and-control approach.
Section 3 examines the positive role that third-party
inspections and Model Risk Management Programs
(Model RMPs)@)can play in characterizing the risks associated with major chemical accidental releases. We
show that two side-benefits of this activity are to enable
insurers to provide coverage against these risks and provide a routine signal to the public about the facility’s
safety. In addition, third-party inspectors, with their engineering expertise and experience gathered over a wide
spectrum of clients are more likely to discover and to
promote the development of new technologies, than
would individual facilities. For example, the Hartford
Steam Boiler Inspection and Insurance Company (HSB)
initiated boiler inspections in 1866. HSB complemented
these inspections with studies of boiler explosions involving testing the specifications for boiler construction
and settings. Hartford’s efforts eventually led to boilermakers adopting safer designs which reduced the number of boiler accident^.'^)
The concluding section of the paper raises a set of
questions and issues for future research based on a series
of roundtables with relevant interested parties concerned
with the implementation issues.

2. THE CLEAN AIR ACT AMENDMENTS
(CAAA) OF 1990

2.1. Proposed Alternatives to Command-andControl Process

EPA has been searching for other alternatives to its
current command-and-control (cc) processes to implement its obligations under Section 112(r). This mission
assumes has some urgency due to the agency’s limited
personnel and funds to enforce new regulations. Without
employing third parties, EPA has to provide technical
guidance and audit regulated facilities to ensure a high
compliance level. The third-party approach transfers a
portion of these regulatory costs back to the generators
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of the externalities, as the inspectors would be hired and
paid for by the regulated firms.
The need for RMPs in this type of environment
becomes clear. A model RMP translates required general
performance standards to specific technological standards and codes. With specific requirements, third-party
inspectors have greater ease in helping clients meet compliance and in proving nonnegligence should a court
case arise. The greater ease in compliance under the
third-party approach translates to higher compliance
rates and thus more cost-effective accident prevention.
EPA is then able to reduce its frequency of audits, resulting in lower enforcement costs.
Researchers have argued for alternative approaches
to cc because of concerns that administrative agencies
responsible for issuing regulations are vulnerable to
“capture” by the very industries they are supposed to
regulate.(I0’More specifically, there is concern that organized groups can utilize the regulation to gain monopoly power. Empirical evidence supporting this claim
comes from a study by Magat et al.‘”)on water pollution
regulation where it was shown that weaker standards
were applied to industries that have higher profits and
better financed trade associations.

2.2. Institutional Arrangements
Figure 1 depicts the responsibilities of the different
groups in the context of environment regulation such as
the CAA. The perceived concerns by the public about
the consequences catastrophic risks imposed on them by
industry, lead Congress to pass environmental laws to
modify the firms’ behavior. EPA and other regulatory
agencies (e.g., OSHA and state agencies under the
CAAA) are responsible for designing policies and regulations to satisfy the requirements of these environmental statutes.
Coordination between EPA and other regulatory
agencies, particularly OSHA, in setting and enforcing
these requirements may be necessary to avoid conflicting
standards and duplication of efforts. The other stakeholders, such as third-party inspectors and insurance
companies, operate within this regulatory environment.
Third-party inspectors have to be recognized by EPA
through a qualification and licensing process.
The firm may purchase insurance (e.g., fire, boiler,
and machinery, etc.) as part of its risk management strategy. It may also be required in the future to show financial responsibility in the form of insurance coverage or
offer proof that it has adequate funds to compensate victims of a catastrophic accident. The insurance company
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Fig. 1. Responsibilities of different groups in the context of environment regulation such as the CAA.

could also have a reinsurance arrangement to protect itself against catastrophic losses.('*)There may be other
service providers, such as engineering consultants, providing loss control services, verification services, and
other technical services and advice to the regulated
firms. It is important to note that the employees of insurers or other service providers may be recognized by
EPA as qualified third-party inspectors enabling them to
provide these services in addition to offering coverage.
One way to achieve a high compliance level is to
provide guidance, technical assistance, and expertise to
those small- and medium-sized fims that may have difficulty in complying with regulations.(13)The use of a
Model RMP coupled with third-party inspections and
audits may enable insurers to provide coverage to these
smaller operations where they may have been unwilling
to do so in the past.
Members of the public have an implicit stake in the
implementation of 112(r). Elected local officials are responsible for the general safety and well-being of the
whole community that they serve. It is likely that they
want regulations to ensure a clean environment but at
the same time, recognize that the regulations should not
be so stringent as to discourage business activity in the
area. Local officials and citizen groups such as Local
Emergency Planning Committees (LEPCs)(l4)serve as

watchdogs and help residents in the affected community
plan for emergency in the event of a chemical catastrophe.

3. THE ROLE O F THIRD-PARTY INSPECTIONS
IN IMPROVING RISK ESTIMATES
By providing more accurate information on the
risks facing a firm and data on potential areas for loss
control, third-party inspectors coupled with model RMPs
can encourage insurers to enter the market while at the
same time helping to convince the public that a facility
is safe.
3.1. Facilitating Insurance Markets

Suppose there are two types of firms that are operating industrial facilities where there is a chance of a
catastrophic accident causing a loss of L dollars. Firm 1
(low risk) has probability pG and firm 2 (high risk) has
probability pB that a catastrophic accident will occur.
Third-party inspections can aid the insurance process by
reducing adverse selection, moral hazard, and ambiguity
of risk as shown below:
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3.1.1. Eliminate Adverse Selection
The classic adverse selection problem facing insurers is that they are unable to distinguish the low risks
from the high ones. If it is unaware that these differences
exist, the insurer will set a premium based on the average risk but only the poor risks will want to purchase
a policy. This will be an unprofitable operation in the
long run, so the insurer will not want to market coverage. Both good and poor risk types will now be uninsured.
One way to reduce or even eliminate adverse selection problem is for the insurer to require some type
of audit or examination procedure to estimate the risk
faced by each facility. The inspector could use a general
hazard classification scheme to identify hazards encountered by the organization (e.g., chemical, physical, biological, and mental hazards) and construct fault trees to
determine initiating events, known as perils and the extent of the hazard exposure. The potential insured may
have implemented loss control measures to reduce the
probabilities of the initiating events and the extent of the
losses should an event occur.(15)
If loss control measures
are in place, the inspector would then determine whether
they are effective.
The use of model RMPs with third-party inspections by insurers eliminates those firms from consideration that are unable to fulfill the requirements. If the
level of risk of the regulated facility when in compliance
with the model RMP defines what is meant by a low
risk,(16)then the insurer should now be able to offer insurance coverage to all these companies which satisfy
these requirements. Those firms with even lower risks
than those specified by the model RMP, would be offered a lower premium than the standardized rate to reflect their risk status.
3.1.2. Avoid Moral Hazard Problems
Through periodic inspections, the activities of the
insured firm can be monitored over time. Therefore,
third-party inspections can reduce the chances that the
firm will become more careless once it has passed an
initial audit. Without this feature, a firm may be less
vigilant in its activity so that the accident probability
increases. The moral hazard problem is directly related
to the difficulty in monitoring and controlling behavior
once a person is insured.(”)
If the insurer can learn in advance that a chemical
facility will be less interested in loss reduction activity
after purchasing a policy, then it can charge a higher

insurance premium to reflect this increased risk or it can
require specific protective measure(s) as a condition of
insurance. Alternatively, the regulator can set certain
standards which would necessitate that the firm invest in
these measures as a way of satisfying them. Third-party
inspectors could indicate that such actions would need
to be undertaken to satisfy these regulations. Moreover,
periodic inspections by third parties would monitor the
insured’s behavior and discourage or prevent adverse actions that increase the risk.
3.1.3. Reduce Ambiguity of Risks

In a series of empirical studies, Kunreuther et ~ 1 . ‘ ~ ~ )
showed that actuaries and underwriters are so ambiguityaverse and risk-averse that they tend to focus on worstcase scenarios in determining what premiums to set. To
illustrate, a questionnaire was mailed to 896 undenvriters in 190 randomly chosen insurance companies to determine what pure premiums(19)they would set for a
leaking underground storage tank (UST) risk. The UST
scenario involved liability coverage for owners of a tank
containing toxic chemicals against damages if the tank
leaks. A neutral risk scenario acted as a reference point
for this context-based scenario by providing probability
and loss estimates for an unnamed peril.
For each scenario, four cases were presented. reflecting the degree of ambiguity and uncertainty surrounding the probability and loss. A well-specified
probability @) refers to a situation in which there are
considerable past data on a particular event that enable
“all experts to agree that the probability of a loss is p.”
An ambiguous probability (Ap) refers to the case where
“there is wide disagreement about the estimate of p and
a high degree of uncertainty among the experts.” A
known loss ( L ) indicates that all experts agree that, if a
specific event occurs, the loss will equal L. An uncertain
loss (UL) refers to a situation where the experts’ best
estimate of a loss is L, but estimates range from L,,,, to
Lmar

Four different cases were considered in the questionnaire to the underwriters. Case 1 was represented by
providing a well-specified probability (p = .01) and a
well-specified loss ( L = $1 million). The other three
cases introduced ambiguity and uncertainty into the picture. For the case where L = $1 million, the uncertain
estimates ranged from L = $0 to L = $ 2 million. One
hundred seventy-one completed questionnaires ( 19.1%
of the total mailed) were received from 43 insurance
companies (22.6% of those solicited). Table I shows the
average ratio of the premiums for the three cases where
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Table 1. Ratio of Average Pure Premiums Specified by Underwriters
Relative to Well-Specified Case (Case l y

P? L
Scenario

(Case 1)

Neutral (N = 24)
1
UST (N = 32)
1
p = .01, L = $1 million
N = Number of respondents

AP, L
(Case 2)

(Case 3)

P, UL

AP, UL
(Case 4)

1.5
I .5

1.1
1.4

1.7
1.8

Source: Kunreuther, Hogarth, and Meszaros (1995).

Table 11. Each Firm’s Share of Development Cost of a Fail-safe
Device

Number of firms

Development costs

1
10
20

$5000
$500
$250

N

$(SO00 + n)

there is uncertainty and ambiguity in either p and/or L
compared to Case 1 where bothp and L are known. The
data reveal that underwriters will charge a much higher
premium when there is ambiguity and uncertainty regarding probabilities and/or losses. For example, as
shown in Table I, the premium for the UST (Case 4)
was 1.8 times higher than for the well-specified Case 1
scenario.
Third-party inspections coupled with RMPs will increase the accuracy of the risk estimates and thus reduce
the premiums insurers will want to charge for providing
coverage. If the insurer receives information that the potential insured has a model RMP in place and that it is
being monitored by third parties, the insurer may be able
to establish more favorable estimates. This could increase the availability and affordability of insurance
coverage to regulated facilities.

3.2. Encourage Cost-Effective Loss Control
Measures
There may also be opportunities to reduce the probability of a loss associated with a catastrophic accident.
Third-party inspection coupled with the development of
an Rh4P will enable the firm to determine possible opportunities for such investments.
Suppose that the firm were able to reduce the probability of an accident from p = .003 to p’ = .OO 1. If the
loss from the accident were L = $10,000 then the expected savings by the firm would be $20 annually. If

one anticipated that the firm will operate over the next
20 years, then the aggregate discounted savings over this
period using an annual discount rate of 10% would be
$187.@O)If the cost of the loss reduction measure were
less than this amount then the firm should want to invest
in it.
Insurance can play a key role in encouraging firms
to invest in loss reduction measures through premium
reductions. In this example, the insurer could reduce the
annual premium by $20 to reflect the lower probability
of a catastrophic accident. The third-party inspection
coupled with RMPs would enable the information on the
discounted expected benefits of certain loss reduction
measures (e.g., $187) to be communicated both to the
industrial firm and the insurance companies.(21)
Third parties with considerable expertise can offer
regulated h s loss control services since it is often
more efficient for them to invest in this research rather
than individual
This efficiency depends on the
number of firms that would benefit from such research
and technology. To illustrate, assume that a new failsafe device, costing $5000 to develop, would reduce the
annual probability of a catastrophic loss of $1,000,000
from .002 to .001 over a period of 5 years. This means
that there is a reduction of annual expected loss of $1000
[(.002 - .001)1,000,000]. With a discount rate of lo%,
the firm would only anticipate an expected discounted
savings of $4169 over the next 5 years.(23)Since this is
less than the initial investment of $5000, the firm would
not invest.
However, if a third party were to develop the failsafe device for ten similar firms, the development would
cost each firm only $500 ($5000 + 10). With 20 firms,
this cost per firm decreases to $250. As the number of
firms benefitting from this new technology increases, the
share of each firm in development costs decreases as
shown in Table 11.
Besides research and development, the third-party
inspectors can acquire considerable expertise in performing inspections over a large clientele base. It is reasonable to assume that there is a learning curve in that the
more inspections a third party undertakes, the less effort
and costs will be incurred by each further inspection.(24)
For example, experienced inspectors would be familiar
with the statutory language and requirements, they know
what the common out-of-compliance items are and what
loss-prevention measures may be employed. Thus, in the
steam boiler industry, even large, technically sophisticated companies employ the loss-prevention services of
insurance companies rather than use their own staff because it is cost effective for them to do so.
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3.3. Alleviating Public Concerns

4. SUMMARY AND CONCLUSIONS

The public is concerned with the risks associated
with catastrophic accidents even though experts in the
firm and scientists may view them as highly improbable.
Because much of the public focuses on the enormous
impact of the event should it ever occur, laypersons’
fears often exceed those of the experts.‘25)
To illustrate this point, note that for the 5-year period 1988-1992, there were two industrial accidents in
the United States that highlighted the potential of manmade catastrophes: the Exxon Valdez oil spill (1989)
and the Phillips refinery explosion (1990). Loss estimates for the Exxon Valdez clean-up(26)have exceeded
$2 billion and for the Phillips explosion are more than
$700 million.(27)Although accidents of this magnitude
are infrequent, they have triggered public concern as to
how safe companies’ operations really are. The prevailing view of many experts and risk managers is that the
local communities and the general public react to limited, false, or inadequate information.(2s)One reason the
public is concerned about these risks even if the experts
are not is that many individuals no longer trust firms or
government institutions concerning pronouncements on
what is safe.(29’
To determine whether a risk is acceptable, the basic
question for the community is: Is this activity, technology or facility acceptably safe? Implicit in this question
is a risk-benefit analysis.“”) Recent data suggests that
some of the costs associated with new or proposed legislation for a cleaner environment far outweigh their
benefits. For example, in testimony before Congress on
Reforming Title 111 of the 1990 Clean Air Act, Robert
Hahnc3’)estimated that air toxics legislation is likely to
create a $9 billion drain on the economy, even after accounting for health benefits.
The presence of an objective and reputable thirdparty inspector may credibly signal to the community
that the facility is “safe,” or that, at a minimum, the
risk is credibly mirrored in the facility’s risk management plan which is publicly available. If the third-party
inspectors coordinate with other groups, such as Local
Emergency Planning Committees who deal with the
emergency response, this might increase public trust. If
the model RMP adopted by the firm is widely accepted
by the general public, this would further strengthen the
signals that the facility is safe. Furthermore, the information that the industrial firm is able to obtain insurance
at a reasonably low premium for protection against catastrophic losses might serve be a signal to the public
that the facility is safe.

In addition to the benefits to the regulated firm and
EPA, the presence of a model Rh4P may encourage and
enable insurers to monitor their clients continually to
ensure that the programs are in place. When insurance
problems such as adverse selection, moral hazard, and
risk ambiguity are at least partially addressed, insurers
should be more willing to provide more accurately
lower-priced property and liability insurance to smalland medium-sized firms. Various concerns of parties involved in the CAAA should be addressed by combining
third-party inspections with model RMPs as summarized
in Table 111.
In a series of roundtables held from May 3, 1994
to March 24, 1995, the Wharton Risk Management and
Decision Processes Center assembled a diverse group to
explore this use of third parties in connection with a
model RMP for the ammonia refrigeration industry. The
participants included academics, Federal and State regulators, and representatives from the refrigeration industry and insurance industry.
Much of the Center’s thinking was influenced by
the successful use of third parties in regulations involving boilers and pressured vessels at the State and local
level (referred to as the “boiler model”). Past experience reveals that insurance companies and third-party
inspectors have worked together in developing loss-control measures and risk-assessment methodologies aimed
at helping to set appropriate policy premiums for boilers.
These insurers and inspectors assist boiler owners and
operators by developing programs for remediating deficiencies and furnishing regulatory agencies with the information they need to carry out their legislative
mandates.‘32)
At the roundtables, there were discussions of the
impact of the Section 112R Rule on the ammonia refrigeration industry and the question of whether and how
the “boiler inspection model” could be of use in implementing the rule. The roundtable group endorsed the
idea that the EPA should develop a third-party approach
but felt that it was most applicable to small facilities that
pose low probability-high consequence risks from common, homogeneous, and well-developed technologies.
Ammonia refrigeration, drinking water chlorination, and
propane retailing industries fall within the scope of this
model. Rosenthal et ~ 1 . provide
~ ~ ~ detailed
’
accounts of
the proceedings and major issues identified at these
roundtables.
It was generally agreed that there needs to be in
place a qualification process to certify and recognize
third-party inspectors, reference standards (e.g., model
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Table 111. Possible Beneficial Effects of Third Party Inspections and Model RMPs
Party

Area of concern

Effects of third party inspections and model RMP

Community

Social costs (externalities) not fully accounted for by responsible h s

A portion of the costs of environmental regulation is shifted to
the responsible firms as they are responsible for hiring the
third parties
Facilitate the communication of risk to the public by providing
access to an independent and objective third-party perspective
Compensate for reduced EPA’s audit frequencies by ensuring
risk management plans are in place
The model RMP enables easier and lower-cost compliance,
resulting in higher compliance level
Enable regulated facilities comply with CAA regulations at
affordable costs
(See concerns of insurance company)
Enable insured to invest in cost-effective risk reduction measures
Periodic inspections would monitor the behavior of the operators
of the regulated facility and discourage adverse actions that increase the risk
A model RMP has the potential to “homogenize” a population
of risks, especially if the model RMP is designed to attain the
optimal level of risk
The presence of a model RMP with periodic third-party inspections would orovide more underwriting information

General public concern over risks imposed
by the regulated facility
Lack of resources for monitoring and control
Low compliance level

EPA

Small- and medium-sized
regulated facilities

Insurance company

Lack of resources and expertiseihigh costs
Unavailability of insurance
Loss control
Moral hazard‘33)

Adverse selection

Risk ambiguity

RMPs, accepted industrial standards), inspection programs, and a system for the EPA to audit the performance of recognized third parties and compliance of
regulated facilities. In developing these processes, programs, and systems, some of the issues that arise are:
0

0

0

0

How do we translate “societal views” on
acceptable risk into model RMPs and third-party
procedures?
Are there other needs besides compliance review
which would benefit by use of a qualified third
party? Remediation planning? Loss-prevention
services? Operator training?
How can we best use third parties to improve the
credibility of communications between the firm
and the public?
How do we address the concerns of third-party
inspectors in regard to negligence suits which
may be initiated in the event of an accidental
chemical release affecting the public?

Because of “public moral
insurance
representatives at the roundtables feared that the perceived “deep pockets” of the insurers would make them
attractive targets for negligence suits in their capacity as
third-party inspectors. The two factors that contribute to
public moral hazard are the existence of unexplained
health conditions and the perception that insurers have
“deep pockets” of funds. Some juries would not hesitate to award judgments in favor of the plaintiffs so that

those who have “suffered” may be sufficiently compensated from the “deep pockets.” This problem is covered in greater detail by Er.(36)
The third-party approach may still be applicable even
if the above issues are not l l l y resolved. The technical
standards required for the model RMF’ could be developed
using available industrial practices and be updated appropriately as more information on available technology and
the effectiveness of the standards and codes are available,
hopellly after appropriate cost-benefit analysis.
At the moment, there is much uncertainty regarding
the precise character of third-party inspections, the precise elements that should be covered in the audit, the
exact nature of relationship of the inspectors to the regulated facility and regulator, and the qualification process. As a first step toward the third-party approach, the
EPA is working closely with the various trade associations in jointly developing model RMPs for those industrial segments that use relatively simple and similar
processes and technologies where industrial practices exist which can be easily adopted as codes and standards.
The jury is still out on how well third-party inspections
are likely to work in practice. To the extent that the
boiler inspection model can serve as a u s e l l prototype
in these other situations, there is an opporhmity to substitute market-based mechanisms for the traditional command and control methods currently used to deal with
the management of chemical facilities and the prevention
of catastrophic accidents.
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