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‘Risk analysis: past, present, and future’ is
certainly an overwhelming subject to
which I am unlikely to do justice in 30
minutes.  Indeed, most of the key aspects
of the past, present, and future of risk
analysis have been well covered by the
many fine speakers who have preceded me
at this meeting.  I will therefore take the
general nature of my title as a licence to
talk about what I think is most important
about risk analysis and its use in decision-
making, about the best ways to protect our
health and our environment.
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Outline

• Role of risk analysis:
Creating order out of chaos

• Evolution of risk analysis as vehicle for
including science in decision-making

• Democratic Science:
Reconciling risk analysis
and democracy

First, I will say a few words about how risk
analysis helps us establish some order in a
chaotic world.  Next, I will talk about how
risk analysis evolved as the vehicle for
including science in risk management
decision-making.  And finally, I will say a
few words about democratic science and
the complications associated with
reconciling the scientific process of risk
assessment with the needs of democratic
procedure.
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Bounded Rationality

Risk analysis is the practice of using
observations about what we know to make
predictions about what we don’t know.
Risk analysis is our way of acknowledging
that the future need not be completely
random — ‘in the hands of fate’ — and
that we can try to control it by using



models of the past to guide our decisions.
Unfortunately, human decisions inevitably
have unforeseen consequences, reflecting
the basic underlying reality of what Herbert
Simon called ‘bounded rationality’: the
idea that our individual human brains are
much less complex than the external reality
they are attempting to model.  The fact is,
we are only human and cannot really
predict the future or anticipate all possible
long-term outcomes of a risk management
decision, even when risk analysis is
deployed to its fullest.  This phenomenon
is sometimes described as the ‘law of
unintended consequences’, which is the
idea that any decision we make to manage
a complex system will lead to unforeseen
consequences at other points in the system.
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One example that has made front-page
news recently in the United States is that of
coal-fired power plants in the Midwest.  In
the 1960s and early 1970s, engineers
designed large power plants to incorporate
the ‘best available control technology’ of
the time:  tall stacks extending 1 000 feet
or more into the sky.  This approach was
modelled on what we had learned from the
international leader in controlling air
pollution in the 1940s and 1950s in
London, United Kingdom.  Unfortunately,
while this approach minimised one risk, it
created another: the acid rain of the 1980s
and 1990s and the long-distance transport
of pollutants to the north-east.
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Another example of a risk management
action with unintended consequences
involves industrial solvent disposal.  In
order to reduce health risks associated with
the use of carbon tetrachloride, a new
generation of ‘green solvents’ was adopted
by American industry in the 1960s and
early 1970s.  According to the technical
literature of the time, the new
environmentally friendly ‘wonder solvents’
were supposed to break down naturally
when exposed to sunlight in the
atmosphere.  They could thus be disposed
of harmlessly on land in open pits.  It
turned out, of course, that solvents such as
trichloroethylene and its relatives did not
evaporate so easily, becoming pervasive
contaminants of ground water and the
focus of many multi-million dollar
cleanups at industrial sites.
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On the other hand, now that they are better
understood, the risks from DDT are still



considered acceptable in some parts of the
world where malaria is the alternative,
unacceptable risk.
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More Analysis!

Our response to bounded rationality has
been to try to be smarter next time, by
committing to more comprehensive risk
analysis prior to decision-making.  This
approach is the basis of much of the US
environmental assessment legislation and
is consistent with the idea of using better
science and more sophisticated risk
analysis before making risk management
decisions.  This desire for further, more
comprehensive risk analysis before we
make decisions affecting the environment
has been the primary lesson drawn to date
from past experience in environmental
decision-making.

At the meta level, short-term decisions
supporting the need for more
comprehensive analysis have their own
perverse long-run consequence — the so-
called ‘paralysis by analysis’ or
‘ossification’ of the policy process, which
makes it difficult to make decisions in a
timely fashion.  This problem stems in part
from the legally required development of
factual records for judicial review in the
United States.  The classic example of this
involves our initial attempts to control air
pollution.  By adopting a risk-based
approach to setting air pollutant standards,
the US Environmental Protection Agency
was paralyzed in the 1980s by litigation
over the scientific basis of their risk
estimates and

was able to set standards for only seven
chemicals.  Adequate control of urban air
pollution was thus delayed for at least a
decade, with associated protracted adverse
health consequences.  At the same time,
the focus on outdoor air pollution directed
attention away from indoor air pollution,
which turns out to be the primary source of
our exposures to many chemicals.  Control
of indoor air pollution has only very
recently started to receive serious attention.

Of course, no one can really be opposed to
better analysis next time.  But every
scientist knows from experience that the
last line of every good journal article
identifies the need for further research.  As
Socrates pointed out over a millennium
ago:  the more we know, the more we
know what we do not know.  Ignorance is
the pervasive condition of humanity.  We
can push back the edges of the darkness,
but we cannot eliminate it.  Decisions will
always have at least some uncertainty and
unintended consequences, regardless of
how much science we have available to
buttress our conclusions.

Unfortunately, there is no magic algorithm
to define precisely how much risk analysis
or how much information is ‘good enough
for government work’.  There is a
constantly shifting balance between the
costs and benefits of deciding now, as
opposed to waiting until we have better
information.  This issue underlies the
international debates about the extent to
which environmental policy should rely on
the precautionary principle.

In a regulatory sense, the precautionary
principle guided health risk management
decision-making in the United States for
many years. For example, in the 1950s the
zero-risk Delaney clause required the Food
and Drug Administration to ban outright
food and colour additives that had been
shown to produce tumours in humans or
laboratory animals.
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Legal Evolution

• 1958 Delaney clause
• Ethyl decision

– ban leaded gasoline even if benefits
unclear

• Benzene decision
– regulate only “significant” risks

In the 1970s, a legal basis for the
precautionary principle was established by
a court decision called the Ethyl decision
involving banning leaded gasoline.  At the
time, there was great debate about the
wisdom of taking such a radical step when
the benefits of doing so were unclear.  But
the DC Circuit Court required EPA to take
a precautionary approach and ban lead
anyway, even in the absence of scientific
evidence adequate to demonstrate exactly
what the benefits of removing lead would
be.  In other words, the Court
acknowledged that EPA could make
decisions based on policy even if they
weren’t completely supportable
scientifically.  As it turned out, banning
leaded gasoline was the single most
important contributor to the virtual
elimination of lead from air and from most
children’s blood.
In 1980, however, the Benzene decision
overturned the precautionary policy basis
of the Ethyl decision and substituted a risk-
based principle.  The Benzene decision
struck down a workplace standard for
benzene exposure that was based on a
policy of trying to reduce concentrations of
benzene as far as technologically possible
without considering whether existing
concentrations posed a significant risk to
health.  The Supreme Court decided that
benzene could be regulated only if it posed
a ‘significant risk of harm’.  Although the
Court did not define ‘significant risk of
harm’ and stressed that the magnitude of
the risk need not be determined precisely,

the decision strongly implied that some
form of quantitative risk assessment is
necessary as a basis for deciding if a risk is
large enough to deserve regulation.
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Regulatory Risk Assessment

• Developed in reaction to laws calling for
limits on chemical exposures that
protect public health
– with an “adequate margin of safety”
– with a “reasonable certainty of no harm”

To a large extent, the body of US and
European laws that seek to establish
practices that will ensure safety—or at
least mitigate risk—from chemical or other
contaminant exposures were established
before risk assessment was a well-
recognized and codified discipline.  Most
of the methodology of risk assessment was
developed in reaction to the calls by those
laws to define limits on exposure that will
‘protect the public health with an adequate
margin of safety’ or lead to ‘reasonable
certainty of no harm’  That is, in passing
the laws, the US Congress called on the
regulatory agencies to develop means to
assess risks so as to define exposure levels
that would achieve the stated qualitative
goals of health protection.
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Administrative Procedure Act

• Decisions are subject to judicial
review

• Decisions can be arbitrary and
capricious if not supported by
extensive factual record

• Precautionary principle is a reaction
to U.S. legal tradition

Paralysis by Analysis?

So the United States has had a long history
of applying the precautionary principle in



regulation but has moved away from doing
so as we have learned more about risk
assessment and its underlying scientific
basis.  On a more global scale, however,
the precautionary principle is in many ways
a response to the legal tradition we have in
the United States that relies heavily on
establishing a factual basis for decision-
making.  Regulatory decisions in the
United States have to be justified by an
extensive factual record that is subject to
judicial review.  So when Europeans call
for decisions based on ‘the precautionary
principle’ in international forums such as
this, they are challenging the core premise
of the American legal culture.

We believe in the United States that the
risks of arbitrary government action are so
great that it is better to pay the costs of
procedural delay and elaborate legality than
to run the risk of unjustified government
actions.  That is not the case in Europe or
in most of the rest of the industrialised
world, including Canada, where
government regulatory decisions are not
subject to judicial challenges in court to
nearly the same degree as they are in the
United States.  As a consequence, the
necessary procedures for marshalling and
analysing scientific evidence before a
decision is made are nowhere near as great.

At a recent workshop I attended, EPA’s
Deputy Assistant Administrator Michael
Shapiro said that in his experience only
about 10 % of the manipulation of
scientific data done by EPA was necessary
to reach a decision; the other 90 % was
required to built the record for court
review.

In my view, the precautionary principle is
not a substitute for risk-based decision-
making.  And while there are major
differences between the background legal
norms in the United States and the rest of
the world, the EC recognises that the
alleged choice between risk assessment and

the precautionary principle is a false
opposition.
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A False Dichotomy:

Risk versus Precaution

Risk assessment, after all, provides just
part of the information used to protect
public health and the environment.  The
danger I see is that if misapplied, the
precautionary principle will be used as a
licence to ignore other key elements of risk
management decision-making, like
substitution risks, proportionality,
feasibility, and effectiveness.
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Stakeholder-Based
Decision-Making

• Reflects general trend towards
“democratization” of risk management

• Emphasizes need to focus on social
values (at expense of science?)

• Decision-making is tyrannized by
scientists and technocrats

• Risk assessment = dominant paradigm
for including science in decision-making

A promising development over the last 10
years or so in the area of risk management
decision-making has been the increasing
tendency to involve stakeholders in the
decision-making process.  More and more
risk management decisions are developed
and implemented using collaborative
processes involving consultation and
cooperation among stakeholders, including
regulators, regulated parties, advocacy-
based organizations, and the general
public.  This trend constitutes a move away



from the unilateral, technocratic, regulatory
model of risk management decision-
making toward more inclusive, democratic,
non-regulatory processes, reflecting the
democratic ideal that people should be
involved in their own governance.

Some argue, however, that greater
stakeholder involvement will marginalise
science.  The concern is that involving
diverse stakeholders in decision-making
has the potential to compromise the
integrity and centrality of science as a
guide to risk management.  Without the
factual knowledge provided by science,
risk management priorities can be
misidentified and risk management
resources misdirected.  Others argue that
risk management decision-making is
already tyrannised by science and scientific
experts and that involvement of non-
scientific, non-expert stakeholders
represents a needed swing of the pendulum
back towards an emphasis on social values.
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Uncertain Science

• Dueling scientists generate competing
technical analyses to support conflicting
policy arguments

• Poor communication about role of
science

Misunderstanding & Suspicion

No role for science!

The root of most debates about the role of
science in risk management decision-
making is the fundamentally uncertain
nature of science.  Uncertainty allows the
participants in a debate to generate
competing technical analyses to support
their conflicting policy arguments.  The
essential problem with the ‘dueling
scientists’ approach is that the adversaries
recognize that each group can manipulate
or distort its analysis to support its policy
position.  The resulting suspicions make it
difficult for any one participant to generate

technical information that will be credible
to the other participants.  When no
common ground of technical knowledge
can be achieved, its role and importance in
deliberation is diminished or eliminated.

As we heard during the previous session,
poor communication about the role of
science in a risk management decision-
making process also leads to
misunderstanding and suspicion.  Experts
in the area of risk communication have
found that it is often the quality of the
communication — not the technical
information itself — that stands in the way
of finding common ground.  Problems
arise when participants misunderstand the
extent to which science can and cannot
provide answers to their concerns.  If non-
technical stakeholders do not understand
the science or the role it can play in
decision-making, it is unlikely to play a
significant role.  If the scientists or
technically oriented stakeholders do not
understand what the real concerns of the
other stakeholders are, then science — no
matter how well deployed — will not solve
the problem.
Slide 14

Good Science

• Necessary but insufficient for decision-
making

• Need broadly based, collaborative
decision-making process

+

Integrating science into a multifactorial
decision-making process is challenging in
part because science alone is not an
adequate basis for a risk decision.  Risk
decisions are, ultimately, public policy
choices.  A specialist’s role is to bring as
much relevant knowledge as possible to
participants in a decision, whose job it is to
make the value-laden choices.  Good



science is a necessary — in fact, an
indispensable — basis for good risk
characterisation, but it is not a sufficient
basis.  A key to successful use of scientific
information in collaborative decision-
making is using a broadly based
deliberative process to help shape the
analysis.  Collaborative decisions can
determine which analytic techniques and
information are used, interpret analytic
results, and use those results to guide
decision-making or to re-frame the risk
management problem and goals, as
necessary.  I call this type of collaborative,
science-based decision-making democratic
science.
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Democratic Science

• Determine which analytic techniques
are used

• Interpret analytic results
• Use results to

– guide decision-
making

– re-frame problem
and goals

I recently completed a study of the role of
science in stakeholder-based risk
management decision-making in which I
drew lessons from case examples of
stakeholder processes, both successful and
unsuccessful.  I focused on the role of
science in risk management decisions
made by convening groups of stakeholders
who met, debated, and either agreed or
disagreed about appropriate actions.  The
cases I looked at illustrate the problem of
resolving technically intensive policy
disputes, as well as the challenges and
difficulties associated with using risk
assessment as one input to decision-
making by stakeholders when the
credibility of the underlying science is
either in doubt or inconsistent with
stakeholder concerns.

The successful case studies I looked at
used stakeholder processes based on
democratic science, establishing at the
outset what the role of science would be in
the risk management decision.  The
unsuccessful cases I examined did not.  In
each of the successful cases where
democratic science was practiced, science
played an important role, but a role that
was shaped by stakeholder values to
address their concerns and that was able to
inform an evolving understanding of the
scope of the problem.  I found that the
integrity of the science was maintained and
its credibility assured when stakeholders
were involved in deciding how science
would be used to answer their questions
and in obtaining the scientific information
needed to answer those questions.  In other
words, the successful, democratic science-
based case studies demonstrate the
effectiveness of implementing what the US
National Academy of Sciences report
Understanding Risk called the analytic-
deliberative process and what the US
Commission on Risk Assessment and Risk
Management outlined with its framework
for stakeholder-based risk management
decision-making.  It is also consistent with
the model of cooperative discourse, or
three-step participation model, which has
been described by Ortwin Renn.

Making effective risk management
decisions will continue to be a struggle as
we seek the right balance between science
and values and between analysis and
deliberation.  In the case examples I
examined, a model that seemed to work
well involved establishing a group of
scientific experts that all stakeholders
agreed to.  By working closely together
through collaborative analysis, the
scientists were able to understand the basis
for the stakeholders’ concerns and the
stakeholders were able to understand the
role that science could play and to
participate in generating data.



When the adversarial groups involved in a
decision can jointly oversee and participate
in the research needed to resolve scientific
and other technical issues underlying a
policy debate, they have the means to
assure themselves that other stakeholders
are not manipulating the analysis.  This
observation is consistent with the general
principal established by other studies of
decision-making processes, which have
found that when people have an
opportunity to participate in a process, they
are more likely to view its results as fair
and credible.

So, here are some recommendations that I
hope will tie everything I’ve said today
together somehow.
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Recommendations

• Maximize science in risk assessment but
conduct in policy context of public
health goals

• Understand costs and benefits to target
real problems with real solutions

1.  To maximise the long-term
effectiveness of risk-based environmental
health decision-making, risk assessment
should be based on as much science as
possible—on the weight of the scientific
evidence—but must be conducted with the
fundamental public health and
environmental policy goals of risk
management in mind.  In other words,
don’t separate risk assessment and risk
management.

2.  Evaluate the consequences of risk
management actions carefully before they
are implemented.  Failing to understand
societal costs and benefits of regulations
will prevent our being able to target real
problems with real solutions.
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Recommendations

• Rely on Democratic Science to preserve
the role of science in stakeholder-based
decision-making

• Balance science and precaution
intelligently in a risk-based framework

3.  To maintain a useful role for science in
stakeholder-based decision-making, you
can rely on democratic science.  In other
words, research and analysis should
respond directly to stakeholders’ concerns.
All stakeholders should be involved at the
research planning stage, and should
collaborate with scientists to obtain data
and other information needed for risk
management.

4.  And finally, balance science and
precaution intelligently.  Relying entirely
on science can lead to paralysis by
analysis.  Relying entirely on precaution
holds science hostage to politics and vested
interests.

Thank you.


