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PRECAUTIONARY PRINCIPLE

precautionary principle finds itself in the position of being reinterpreted and
tamed.

While the change has occurred at the elemental level, as we have
seen, it also occurs, perhaps more importantly, at the level of complete
statements of the principle. Per Sandin, who also analyzed the precautionary
principle by dividing it into four elements, notes that weakness or imprecision
in one element determines the overall weakness or imprecision of a particular
formulation of the principle. It is thus a mistake, he warns, to look at each
element in isolation; rather, one must look at the combination of all of the
elements in a particular version of the principle.94 Sandin's point is well
taken, insofar as he is describing the overall effect of choices of wording for
each element, and this Part adopts his recommended methodology. The
holistic methodology has the added advantage of allowing us to see in the
changes in the precautionary principle the reflection of a more fundamental
change in the way that environmental dangers are regulated.

The nature of the fundamental change is familiar to students of
environmental law. I will adopt Lakshman Guruswamy's labels--"hazard"
versus "risk"-and his succinct description of the difference:

While used interchangeably in common parlance, "risk" and
"hazard" have distinct meanings in the risk analysis literature.
"Hazard" is the intrinsic potential of an agent to cause an
adverse effect, whereas "risk" is the likelihood and magnitude
of the adverse effect occurring under real-world exposure
scenarios. While many earlier regulatory decisions were based
on hazard identification, there has been increasing realization
that a fuller characterization of risk usually provides a better
basis for making regulatory decisions.95

9 Sandin, supra note 12, at 896-98.
95 Lakshman D. Guruswamy, Sustainable Agriculture: Do GMOs Imperil Biosafety?, 9 IND.
J. GLOBAL LEGAL STUD. 461, 484 (2002). Joe Thornton describes a Risk Paradigm and an
Ecological Paradigm, which roughly correspond to the risk and hazard paradigms here.
THORNTON, supra note 66, at 7-13.
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Guruswamy's distinction is particularly useful because he developed it to
describe international legal reactions to GMOs, an area dominated by the
precautionary principle, or at least precautionary rhetoric. He also recognizes
the general movement from hazard to risk in regulatory decision making. So,
to use Guruswamy's terminology, this Article now traces the evolution of the
precautionary principle from hazard to risk by examining four complete,
influential expressions of the precautionary principle.

A. The Hazard Paradigm

1. Hazard-Based Precaution

Guruswamy observes that the precautionary principle, "at least as
defended by some of its strongest proponents, would appear to be directed at
hazard, as opposed to risk, by calling for precautionary measures once some
indicia of hazard exist."96 The hazard paradigm tends to view new
technologies and large-scale human activities as derangements of the
environmental status quo, with unforeseeable and frequently negative
consequences for human health and the environment.97 Accordingly, the
hazard paradigm is determined to minimize, rather than optimize,
environmental harm.98 It represents a high degree of risk aversion99 and
rejects an approach that attempts to derive a "correct" or efficient level of
harm from factors like costs, benefits, and comparison of other risks. The
hazard paradigm does not aspire to a zero-risk world (a favorite accusation
by its critics). That is impossible, of course, and many obviously desirable
technologies-prescription drugs, for example-have associated risks.

9' Guruswamy, supra note 95, at 484. He characterizes this version of the precautionary
principle as "a major leap backward." Id.
9 7 E.g., THORNTON, supra note 66, at 9-17, 343-49.
98 HOHMANN, supra note 3, at 11. Skeptics of the precautionary principle urge just the
reverse. See e.g., Wiener, supra note 19, at 1524.
99 Pearce, The Precautionary Principle and Economic Analysis, in INTERPRETING THE
PRECAUTIONARY PRINCIPLE, supra note 12, at 132.
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Rather, the goal is to keep technological risks to the lowest possible level,
usually by avoiding the product or activity of concern.

The determination to minimize and avoid harm has two bases. The
first and more important is the recognition of the limitations of present
science and knowledge as they relate to environmental causes and effects.
Professor Plater puts it this way:

Unless you are pretty sure that the background foundational
equilibria will not be disrupted, or that the negative
consequences will be foreseeable, minor, and mitigatable, you
had better be sure that what you proposed to do is worth the
potential costs; it is safer not to risk casually the escalating
domino consequences that may follow. In this regard Carson
showed that moving from a human-centered, master-of-nature
perspective to the holistic, human-species-as-constituent-part-
of-nature is not just an ethical idea, it is fundamentally
practical and utilitarian as well.'°°

Theo Colborn, in her indictment of hormone-disrupting chemicals, explains:

This caution does not arise from any propensity for pessimism
or dislike of technology. It arises from the very nature of our
global experiment and from our inescapable ignorance, which
makes it impossible to foresee consequences or guarantee
safety. The dilemma is simply stated: the Earth did not come
with a blueprint or an instruction book. When we conduct
experiments on a global scale by releasing billions of pounds
of synthetic chemicals, we are tinkering with immensely
complex systems that we will neverfully comprehend. If there
is a lesson in the ozone hole and our experience with

'00 Zygmunt J.B. Plater, From the Beginning, A Fundamental Shift of Paradigms: A Theory

and Short History of Environmental Law, 27 LOY. L.A. L. REv. 981, 1000 (1994).
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hormone-disrupting chemicals, it is this: as we speed toward
the future, we are flying blind."'

Our basic understanding of the cause-and-effect relationships in the
environment and human health is weak enough. Complexity and non-linear,
unpredictable effects in a system in which everything is connected to
everything else generate a fundamental, irreducible uncertainty.0 2 It is a
dangerous mistake, in this view, to attempt to "fine tune" regulatory measures
to achieve optimally efficient or optimally risky levels of protection.0 3

Whatever other faults such an approach might have," 4 its precision is
illusory, and the process of elaborately considering costs, benefits, and
countervailing risks is really the process of compromising human health and
the environment.

The second reason for minimization and avoidance is a degree of
technological pessimism,'0 5  Colbom's statement to the contrary
notwithstanding. The enormous potency of twentieth century
technologies-nuclear and fossil-fuel energy, ozone-depleting substances,
synthetic organic pesticides-degraded the environment and threatened
human health on a global scale. The effects cannot be easily or quickly
reversed, and some, like nuclear waste, seem intractable. This is not some
kind of neo-Luddism; it is simply skepticism of new technologies that have
harmful potential.

It follows from the goal of minimizing harm and the recognition of
uncertainty that hazard-based precaution accepts error on the side of

101 THEO COLBORN ET AL., OUR STOLEN FUTURE 242-43 (1997) (emphasis added). Aldo

Leopold used a characteristically homely image: "To keep every cog and wheel as the first
precaution of intelligent tinkering." Id. (emphasis added).
102 O'Riordan & Cameron, supra note 12, at 5.
103 Santillo et al., supra note 66, at 37-39; Malcolm MacGarvin, Precaution, Science and the

Sin of Hubris, in INTERPRETING THE PRECAUTIONARY PRINCIPLE, supra note 12.
"o And they are many. See Howard Latin, Good Science, Bad Regulation, and Toxic Risk

Assessment, 5 YALE J. ON REG. 89 (1988); Howard Latin, Ideal Versus Real Regulatory
Efficiency: Implementation of Un iform Standards and "Fine-Tuning" Regulatory Reforms,
37 STAN. L. REv. 1267 (1985).
'05 Applegate, Prometheus Principle, supra note 12, at 214-15.
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overprotection as preferable to the reverse. It prefers the avoidance of new
technologies and activities that have some likelihood of generating such
harm." 6 Preventing harm before it occurs is also a practical justification for
precaution-it's hard to get the toothpaste back into the tube, or the CFCs out
of the stratosphere. As a result, the central principle of precautionary action
is early regulatory action, in advance of scientific certainty, to restrict the
proposed activity or to give it thorough consideration, or both. The strongest
versions of the precautionary principle would place the burden of proof of
safety on the proponent of a technology or activity. Under uncertainty, the
advocate of endangering the status quo should demonstrate the wisdom of so
doing.

The foregoing is a sketch of an approach that has been elaborated
elsewhere in great detail. One qualification, therefore, needs to be repeated:
the hazard paradigm does not reject all new technology regardless of large
potential benefits (penicillin, an AIDS vaccine) or small potential risks. The
world is full of technology and technological innovation, and life expectancy
and quality of life are, in most (but not all) of the world, at levels that were
inconceivable a century or two ago. Rather, the hazard paradigm casts a
skeptical eye on new technologies with largely economic benefits and with
a potential for serious, widespread damage. New technologies may be the
savior or the scourge of the globe. Given plausible reasons for concern, the
hazard paradigm asks for some assurance that it is the former before we are
irretrievably committed to accepting the latter.

2. The Bamako Convention

The Bamako Convention on the Ban of Import into Africa and the
Control ofTransboundary Movement and Management of Hazardous Wastes
within Africa'0 7 was signed in 1991 as a reaction to the perceived weakness
of the earlier Basel Convention on the Control of Transboundary Movements

06 Thornton characterizes this as a "well-founded suspicion with a body of circumstantial

evidence to back it up." THORNTON, supra note 66, at 113.
107 Bamako Convention, supra note 27.
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of Hazardous Wastes and their Disposal. I"8 Many critics of the Basel
Convention, which had widespread support among industrialized nations,
thought that it in effect invited industrialized nations to export hazardous
waste to less developed nations, because it only required prior informed
consent. The Bamako Convention sought to remedy that weakness: "[A]I1
Parties shall take appropriate legal, administrative, and other measures.. . to
prohibit the import of all hazardous wastes, for any reason, into Africa from
non-Contracting Parties. Such import shall be deemed illegal and a criminal
act.,,10

The blanket prohibition on importation was followed by a
precautionary approach to the management of existing waste:

Each Party shall strive to adopt and implement the preventive,
precautionary approach to pollution problems which entails,
inter-alia, preventing the release into the environment of
substances which may cause harm to humans or the
environment without waiting for scientific proof regarding
such harm. The parties shall cooperate ... to implement the
precautionary principle to pollution prevention.., rather than
the pursuit of a permissible emissions approach based on
assimilative capacity assumptions ... i0

Even though it has not yet entered into force, the Bamako Convention is
important because it represents a strongly protective environmental treaty that
originated in the developing world. The exportation of hazardous waste from
North to South is widely viewed-and universally viewed in the South-as
a particularly egregious form of economic and environmental imperialism.
Prohibited by their former colonies' independence from pillaging the former
colonies' natural resources to enrich their own industries, the industrialized
countries now use them as a low-cost resource for disposing of industrial
wastes. In both cases, the North receives enormous economic benefit, and the

'08 Basel Convention, supra note 28.
'09 Bamako Convention, supra note 27, art. 4(1)(f).
110 Id. art. 4(3)(f).
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South receives little benefit and much harm.I" As a result, one can expect a
South-sponsored treaty on this subject to be particularly aggressive.

Bamako invokes the hazard-based precautionary principle. Its trigger
is the importation of hazardous wastes, "for any reason," into Africa."'
Hazardous wastes are defined broadly by listing, characteristics, and national
designation." 3 The convention triggers action against hazardous wastes per
se, not in context. That is, it treats all such wastes as equally dangerous in
themselves, rather than dangerous in different degrees or only under
conditions of exposure to human beings at or above certain levels. Moreover,
while there is some threshold of proof in the requirement that the substances
be those which "may cause harm to humans or the environment,"' 114 missing
is the idea in weaker versions of the precautionary principle that regulatory
action is justified only in advance of "full scientific certainty" (e.g., Rio
Principle 15)."' The "full certainty" language means that regulatory action
will occur only when all that is missing is full certainty. "6 Because it does not
contain this limitation, the Bamako version should be read to require a
minimum of scientific evidence on which the timing decision is based, a
further reflection of the hazard paradigm.

The timing requirement reinforces the hazard-based approach of the
trigger. The language of Bamako's version of the precautionary principle
speaks twice of prevention, that is, avoiding harm entirely before it is
realized."7 The temporal focus is further reflected in its particular
formulation of the relationship between uncertainty and regulatory action:

... Cheng Zheng-Kang, Equity, Special Considerations, and the Third World, 1 COLO. J.
INT'L ENVTL. L. & POL'Y 57 (1990); Daniel Barstow Magraw, The International Law
Commission 's Study of International Liability for Nonprohibited Acts as it Relates to
Developing States, 61 WASH. L. REv. 1041, 1049-51 (1986).
' 2 Bamako Convention, supra note 27, art. 4(1).
113 Id. art. 2.
"4 id. art. 4(3)(f) (emphasis added).
"5 Rio Declaration supra note 1, princ. 15.
116 The Rio version is thus quite weak in this respect, because "full scientific certainty" is a
rarity in environmental regulation. Sandin supra note 12, at 892-94, 901.
.. Bamako Convention, supra note 27, art. 4(3).
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"without waiting for scientific proof."'" 8 The language, in other words,
forcefully adopts the anticipatory approach that characterizes the strong
version of the precautionary principle. " 9

The Bamako regulatory response is that the importation of hazardous
waste into Africa is banned period. Indeed, it "shall be deemed illegal and
a criminal act."' 20 This, of course, is the strong form of the precautionary
principle, based on the view that the only way to minimize the impact of
hazardous waste is to avoid contact with it altogether. This view is reflected
and underscored in Bamako's formal statement of the precautionary principle,
which adopts "pollution prevention . . . rather than the pursuit of a
permissible emissions approach based on assimilative capacity
assumptions." ' Minimization of harm is characteristic of the hazard
paradigm, as is the clear rejection of an approach to risk that seeks to
determine a particular level at which human beings and the environmehit can
no longer tolerate additional exposure without unacceptable harmful
effects.'22

The convention does not entirely lend itself to the hazard-risk
dichotomy. The response element is indeed strongly precautionary as it
relates to importation of hazardous waste; however, the convention concerns
itself equally with the management of hazardous waste generated in Africa.
As to such wastes, the convention's standard is not an outright ban on
generation, but rather a requirement that it be managed in an
"environmentally sound" manner, meaning "taking all practicable steps to
ensure" management "in a manner which will protect human health and the
environment against the adverse effects which may result from such

IS Id. art. 4(3)() (emphasis added).
19 Applegate, Precautionary Preference, supra note 12, at 417.
'o Bamako Convention, supra note 27, art. 4(1). The treaty is open for membership only to

members of the Organization for African Unity, arts. 22-23, so the absolute ban cannot be
avoided by joining the convention, as in the Basel Convention.
.2 Bamako Convention, supra note 27, art. 4(3)(f.
122 Ellen Hey, The Precautionary Concept, 4 GEO. INT'L ENVTL. L. REv. 303, 305 (1992)

[hereinafter Hey, Precautionary Concept]; Santillo et al., supra note 66, at 37-38 (rejecting
possibility that risks can be managed to precise "acceptable" levels).
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wastes."' 123 While these are relatively strong statements ("effects which may
result"), the practicability qualification is significant, especially in developing
states where what is practicable may be extremely limited. Although it is still
fair to regard the Bamako Convention, taken as a whole, as staking out the
hazard-based approach to the precautionary principle, it is important to
recognize that even here the precautionary principle represents less than
absolute stringency. It is also noteworthy that the Bamako Convention has not
yet entered into force, suggesting perhaps that enthusiasm for such strictness
has waned over time.

The Bamako Convention is predictably silent on iteration, the relative
newcomer to the precautionary principle. Iteration is an impossibility in
connection with the importation ban, as the convention gives no suggestion
that such a ban will be reconsidered at any time in the future, even if, for
instance, a party were to develop the capacity to detoxify or store imported
wastes in a demonstrably safe and secure manner. It can, however, be inferred
from the familiar formulation, "without waiting for scientific proof regarding
such harm," in connection with waste management. 24 Amendments to the
convention are expressly permitted, and the amendment provision strikingly
parallels--or completes-this language in Bamako's precautionary principle:
"Such amendments shall take due account, inter alia, of relevant scientific,
technical, environmental, and social considerations."' 25 This sentence implies,
perhaps, an expectation that the main body of the treaty, as well as the annex
listing specific wastes, will be revisited. 126 Moreover, even this version of the
precautionary principle does not reject the idea of scientific proof; it is simply
a rule about timing. By not rejecting the possibility of scientific proof either
way, it leaves the door open for proof of safety. It is, however, open no more
than a crack in the Bamako Convention, because the rejection of the
assimilative capacity approach certainly suggests that the burden of proof lies
with those who would demonstrate safety.

123 Bamako Convention, supra note 27, arts. 4(3)(d), 1(10) (definition).
124 Id. art. 4(3)(f).
121Id. art. 17(1).
326 Amendment of annexes is subject to article 17. Id. art. 18(2)(a).
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The Bamako Convention, in sum, represents the hazard-based
approach to the precautionary principle. In its absolute ban on the
importation of hazardous waste into Africa and its rejection of the
assimilative approach to management ofhazardous waste generated in Africa,
it embodies the view that hazards per se are to be avoided in order to
minimize their effects on humans and the environment. The authorship and
the pariah status of hazardous waste importation help to explain the adoption
of a strong, hazard-based precautionary principle in the Bamako Convention.

B. The Risk Paradigm

Risk-based precaution begins as a critique of the absolutism of the
hazard paradigm, which creates "the potential for arbitrary, unfair, and
inefficient regulations.'1 7 The growth of the risk paradigm has been traced
in detail elsewhere, 28 so no more than highlights are presented here.

1. The Rise of the Risk Paradigm

The fundamental reason for the progressive replacement of the hazard
paradigm by the risk paradigm was dissatisfaction with the hazard paradigm's
bi-modal (on-off, safe-unsafe) approach to potential environmental hari. The
recognition, for example, that many toxic chemicals have no discernible
threshold at which they cease to have adverse effects led to the conclusion

"27 Guruswamy, supra note 95, at 484. For sustained critiques of the precautionary principle

along these lines, see sources cited in note 7, supra.
128 DESADELEER, supra note 14, at 91 (tracing development from remedial action to

prevention to precaution); SIDNEY A. SHAPIRO & ROBERTL. GLICKSMAN, RISK REGULATION

AT RISK: RESTORING A PRAGMATIC APPROACH 3-13 (2003) [hereinafter SHAPIRO &
GUCKSMAN]. John S. Applegate, The Perils of Unreasonable Risk: Information, Regulatory
Policy, and Toxic Substances Control, 91 COLUM. L. REv. 261, 264-66 (1991) [hereinafter
Applegate, Perils]; Donald T. Hornstein, Reclaiming Environmental Law. A Normative
Critique of Comparative Risk Analysis, 92 COLUM. L. REv. 562, 565-84 (1992); Donald T.
Hornstein, Lessons from Federal Pesticide Regulation on the Paradigms and Politics of
Environmental Law Reform, 10 YALE J. ON REG. 369, 374-78 (1993) [hereinafter Hornstein,
Lessons].
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that a zero-risk standard was impossible to achieve in an industrial economy.
In the United States, for example, Congress began to adopt legal standards
that accept a greater-than-zero level of residual (i.e., post-regulation) risk,
usually determined by considering social preferences, alternative risks,
technical feasibility, and cost. As utilitarian-economic analysis increasingly
came to dominate regulatory decision making, the overarching regulatory
goal became achieving the most efficient (however defined) level of harm to
humans and the environment. The hazard paradigm, in this view, deprives
society of technologies and activities that have enormous net social value by
simplistically abjuring anything that has dangers associated with it.

As Wiener argues in his contribution to this symposium, extreme risk
aversion can be not only inefficient (we could put our resources to better
effect elsewhere) but may also be perverse. 9 One need not accept all of
Wiener's arguments to recognize the validity of his fundamental point that
maintenance of the status quo itself involves risks to human health and the
environment, and thus that both the choices to regulate and not to regulate
create or accept certain risks. 3 ' To take the strongest case, the decision to
approve a polio vaccine involves risks both ways, and so a no-risk goal is
simply incoherent. Whether anyone other than a rhetorical straw man has ever
actually imagined or advocated a risk-free world is doubtful, and the
frequency of perverse results can be overstated. Nevertheless, it is clear, and
the risk paradigm takes it as fundamental, that risk regulation cannot be
reduced to simple, one-dimensional rules.

The risk paradigm is in this respect both a reaction against the hazard
paradigm and a reflection of a strongly utilitarian (often economic)
worldview.13 1 The goal of the regulatory system is to optimize, rather than
simply minimize, risk. As Professor Wiener puts it, one can observe in
international environmental law "the move from the absolutist 'precautionary
principle' toward a more pragmatic 'optimalprecaution' as precaution must

129 Wiener, supra note 19 at 1518-21. See also Cross, supra note 7.
130 Wiener, supra note 19, at 1518-21. See also Cross, supra note 7.

... SHAPIRO & GLICKSMAN, supra note 128, at 8-11 ; John S. Applegate, Worst Things First:
Risk, Information, and Regulatory Structure in Toxic Substances Control, 9 YALEJ. ON REG.
277, 289-96 (1992).
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confront the reality of a multi-risk world."'32 This starts with, but goes
beyond, rejection of the zero-risk model. Some level of risk is to be embraced
to achieve net social gains. Building tunnels and skyscrapers entail high
degrees of risk, but on balance we are better off with than without them.
Flexible plastic may pose carcinogenic and reproductive risks from the feed
material and the plasticizer, respectively, but these plastics are essential for
a myriad of useful purposes. There is little to be said for hazardous or
radioactive waste as such, but they are the inevitable consequence of
extremely useful activities that enhance wealth and well-being. Moreover, the
case for optimizing risk can be made not only by comparing risk and wealth
(quality of life) enhancement, but also in terms of risk reduction itself. The
optimal level of risk is the lowest net risk, so even a fairly risky behavior is
desirable if it reduces other risks even more. In this view, the cancer risks of
chlorination by-products in drinking water, for example, are more than offset
by the reduction in risks of bacterial infection (cholera, among others) from
untreated water. 133

The risk approach is undergirded by the utilitarian-economic view that
decentralized, competitive markets are the best means of achieving these
optimal solutions. 34 The commitment to market mechanisms may seem
rather abstract, but in fact it is directly relevant. If the market determines and
legitimates optimal risk choices, it follows that interference in the operation

132 Wiener, supra note 19, at 1524 (emphasis added).

' Susan W. Putnam & Jonathan Baert Wiener, Seeking Safe Drinking Water, in RISK vS.
RISK: TRADEOFFS IN PROTECTNG HEALTH AND THEENVIRONMENT, 124-48 (John D. Graham
& Jonathan Baert Weiner, eds. 1995). The same can be said of the DDT-malaria trade-off.
Of course, these trade-offs can be-and often are-overdrawn. There may be-and often
are-third alternatives (ozonation of drinking water, treated netting) that can avoid both
risks. The existence of such alternatives is an empirical question in each case, and their
desirability can also be measured by their net risk reduction. One purpose of the
precautionary principle is to encourage the search for such alternatives. See Mary O'Brien,
Alternatives Assessment: Part of Operationalizing and Institutionalizing the Precautionary
Principle, in PROTECTING PUBLIC HEALTH, supra note 12, at 208-10; THORNTON, supra note
66, at 346-49.
' Hohmann argues that the original appearance of the precautionary principle represented

the shift from an economic to an ecological basis of environmental law. HOHMANN, supra
note 3, at 4-5, 10-12. In these terms, the principle is returning to the economic basis.
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of the market should be minimized. The status quo of the risk paradigm is a
market unencumbered by external regulation.3  Regulation, not new
technology, is the derangement, and so it is incumbent on such regulation to
justify itself '36 Moreover, when regulation is proposed, it must be tested by
cost-benefit analysis to impose a kind of surrogate market discipline on
regulators who are otherwise operating outside of the market. The goal is not,
of course, to mimic the market for its own sake, but to pursue the general
goal of efficient allocation of resources, measured in terms of satisfying
individual wants.'37

The risk paradigm also values a systematic approach to regulation that
asks efficiency questions, generates data to answer them, and is ruled by such
answers. A central element of this technocratic approach is what Donald
Homstein has called synopticism, 138 that is, examining all aspects of a
problem thoroughly before reaching a decision that seeks to consider and
make the best of all of its aspects. Such analysis, especially as it becomes
more complex and fine-grained, requires the deployment of common metrics
that quantify the relevant factors. Risk assessment and cost-benefit analysis,
in fact, were developed to facilitate the shift from hazard-based regulation to
risk-based regulation.'39 Likewise, the consideration of countervailing risks
requires the identification and quantification of all intended and expected
consequences (i.e., reduction of risk from the activity or product to be
restricted), as well as second- and third-order consequences that may not be
intuitively obvious or expected.

The risk approach, committed as it is to the market and to the tools of
economic and risk analysis, is also founded on a strong technological

"' Steve Calandrillo, Responsible Regulation: A Sensible Cost-Benefit, Risk Versus Risk
Approach to Federal Health and Safety Regulation, 81 B.U. L. Rev. 957, 970 (2001).
136 Id. at 974.
' For a survey of economic definitions of efficiency and advocacy of a basic utilitarian

approach, see Calandrillo, supra note 135, at 969-77, 980-86. For sustained critiques of
economic/utilitarian efficiency as the goal of environmental regulation, see MARK SAGOFF,
THE ECONOMY OF THE EARTH (1988), and SHAPIRO & GLICKSMAN, supra note 128.
1"8 Hornstein, Reclaiming, supra note 128, at 580-84; Hornstein, Lessons, supra note 128,
at 386-88. See also APPLEGATE ET AL., supra note 65, at 165-72.
' Applegate, Perils, supra note 128, at 277.
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optimism. Social welfare has demonstrably increased (in the aggregate, at
least in the industrialized North), and our embrace of new technologies and
their risks has everything to do with the increased welfare. 40 The risk
approach is thus committed, also, to the scientific paradigm that has
developed in western culture since the Renaissance and Enlightenment. The
scientific method, with its preference for quantification and its insistence on
the development of falsifiable hypotheses for rigorously testing knowledge,
underlies our present technology-based prosperity; therefore, this method
should also be used to understand the consequences of that technology. 4'

2. Risk-Based Precaution

The consequences of the risk paradigm for protective regulation are
profound. Risk-based precaution does not limit itself to considering the
inherent danger of an activity or product, but rather seeks to optimize the
overall risks and benefits to society of the technology in its full context.
Risks, costs, benefits, and alternative risks are essential to judging whether
regulatory action is advisable and the nature and degree of such action. It
follows that regulatory action should be based on prior, thorough
consideration of the multitude of relevant considerations. "Regulate first, ask
questions later" is anathema, because it invites arbitrary, subjective, and
inefficient regulation. While risk-based precaution still accepts the basic idea
of acting to prevent harm before it occurs-that is, unacceptable levels of
harm-it is wary of anticipatory action in advance of proof of the existence
of a risk in the first place.'42 The preference for market mechanisms in
establishing environmental standards intensifies the concern about premature

140 Applegate, Prometheus Principle, supra note 12, at 222-26.
141 There are alternative sciences or alternative approaches to science which emphasize
induction from widespread observation (Colborn) and also de-emphasize quantification.
These are described in Katherine Barrett & Carolyn Raffensperger, Precautionary Science,
in PROTECTING PuBLIc HEALTH supra note 12; THORNTON, supra note 66, at 410. For a
superb analysis of competing modes of science and their consequences, see SHELDON
KRIMSKY, HORMONALCHAOS: THE SCIENTIFIC AND SOCIAL ORIGINS OF THE ENVIRONMENTAL
ENDOCRINE HYPOTHESIS 227-34 (2000).
142 THORNTON, supra note 66, at 8.
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action. Interference with the market ought to be exceptional and only
undertaken with care. Therefore, the burden of justifying precautionary
intervention appropriately lies with the regulator, as does the burden of
justifying continuance of such restrictions over time.

Risk-based precaution employs the technocratic tools of risk
assessment, cost-benefit analysis, and comparative risk assessment to
consider as quantitatively and rigorously as possible all of the factors that
might serve to make a precise determination.'43 Substantively, the risk
paradigm holds that it is better to permit activities up to the point at which
they do unacceptable harm, than to delay or refuse them altogether. In this
respect, the risk-based approach is what the Bamako Convention aptly calls
the assimilative capacity approach.'" In line with the technocratic approach,
regulation is justified by reference to "sound science," that is, proof of cause
and effect using the traditional scientific method.145 Other sciences or
nonquantitative methodologies are to be viewed with skepticism, if not
hostility.'46 David Fidler, in fact, calls this approach the "science paradigm"
for resolving disputes and making decisions. 147

"" For example, in its challenge to EPA's recent rulemaking under the Clean Air Act,
industry repeatedly argued that EPA had failed "to quantify precisely" the relevant elements
of its decision. Arm Trucking Ass'n v. EPA, 283 F.3d 355, 369, 378 (D.C. Cir. 2002). The
court rejected these arguments; however, other courts in other settings have been more
receptive. See, e.g., Gulf South Insulation v. Consumer Prod. Safety Comm'n, 701 F.2d
1137, 1146 (5th Cir. 1983) ("precise estimates"); Corrosion Proof Fittings v. EPA, 947 F.2d
1201 (5th Cir. 1991).
144 TROUWBORST, supra note 3, at 19. See also THORNTON, supra note 66, at 7. Geistfeld's
approach to the precautionary principle, which embraces risk and cost analysis, is unusual
in that proponents usually reject these techniques. Geistfeld, however, would allow the
potential victims to set the values that are plugged into these techniques, Geistfeld, supra
note 9, at 11,333, a maneuver that proponents of the risk paradigm would undoubtedly reject
as not "objective."
141 See Gupta, Advance Informed Agreement, supra note 90, at 272-80, for an excellent
discussion of the ideology of science in the international regulation of GMOs.
146 See KRIMSKY, supra note 141, at 190-94.
,47 David P. Fidler, Challenges to Humanity's Health The Contributions of International

Environmental Law to National and Global Public Health, 31 Envtl. L. Rep. (Envtl. L. Inst.)
10,048, 10,070 (2001).
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The risk paradigm regards the precautionary principle, being a
response to uncertainty, as at best a temporary substitute for real analysis.
Synoptic analysis does not cope well, either theoretically or practically, with
uncertainty.'48 Uncertainty is a way station along the road to optimal policies,
and the precautionary principle fills an awkward gap in an otherwise synoptic
regulatory decision making process. Hence risk-based precaution emphasizes
iteration, the fourth element of precautionary decision making. The regulator
must continually update the available information, as the burden lies with it
to justify continued restrictions. And, coming full circle, the implication for
the first element (the trigger) is that the precautionary principle may be
deployed only in well defined circumstances. Risk-based versions of the
precautionary principle, for example, frequently limit its application to
"irreversible" harm, that is, those effects which can only be addressed in
advance. '49

3. The SPS Agreement

The consequences of the risk paradigm for protective regulation are
as apparent as they are profound in the Agreement on Sanitary and
Phytosanitary Measures ("SPS Agreement"), adopted in 1993 as part of the
suite of treaties governing the activities of the World Trade Organization
("WTO").15 ° Free trade is the darling of the international community, or at

.4 This is why Lindblom felt it was necessary to develop a coherent theory of incrementalism

("muddling through") to deal with situations of limited knowledge. For a fuller discussion
of the problem of bounded rationality, see SHAPIRO & GLICKSMAN, supra note 128, at
22-25.
" See, e.g., Rio Declaration, supra note 1, princ. 15 ("serious or irreversible").
Commentators, too, have tended to favor an irreversibility threshold, as it most clearly
justifies taking early regulatory action. See, e.g., Phillippe Sands, The "Greening" of
International Law: Emerging Principles and Rules, 1 IND. J. GLOBAL LEGAL STUD. 293-323
(1994). Kiss speaks of the need to protect future generations from long-lasting, irreversible
harms. Alexandre Kiss, Rights and Interests of Future Generations, in THE CHALLENGE OF
IMPLEMENTATION, supra note 4, at 27. Christopher Stone, who is otherwise quite skeptical
of the precautionary principle, recognizes the need to treat irreversible harms with particular
care. Stone, supra note 7, at 10,797.
'50 SPS Agreement, supra note 30. The World Trade Organization is the "common
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least of the economic international community as represented in trade
negotiations. It is therefore not surprising that, on the basis of subject matter
alone, the SPS Agreement takes a radically different view of the
precautionary principle than the Bamako Convention does. Bamako seeks to
end a particular kind of trade; the SPS Agreement seeks to facilitate trade
generally. Politically, too, Bamako's sponsor, the Organization for African
Unity, is one in which the influence of the United States and Northern
economic powers is at a low ebb, while in trade negotiations it is at full flood.
The SPS Agreement is Bamako's opposite number-a forum in which one
can expect the precautionary principle to be expressed in its most limited
form.

And it is. The version of the precautionary principle embodied in the
SPS Agreement reads as follows:

[2.2.] Members shall ensure that any sanitary or phytosanitary
measure is applied only to the extent necessary to protect
human, animal or plant life or health, is based on scientific
principles, and is not maintained without sufficient scientific
evidence, except as provided [in article 5.7].

[5.7.] In cases where relevant scientific evidence is
insufficient, a Member may provisionally adopt sanitary or
phytosanitary measures on the basis of available pertinent

institutional framework for the conduct of trade relations among its Members." Agreement
Establishing the World Trade Organization, Apr. 15, 1994, reprinted in 33 I.L.M. 1125
(1994). The substantive standards for trade relations are contained in separate conventions,
most notably the General Agreement on Tariffs and Trade ("GATT"), Oct. 30, 1947, T.I.A.S.
1700, 55 U.N.T.S. 88 and the Final Act Embodying the Results of the Uruguay Round of
Multilateral Trade Negotiations, Apr. 14, 1994, 33 I.L.M. 1145, and subsidiary agreements
like the SPS Agreement. For a very helpful overview of the precautionary principle in WTO
jurisprudence, see Jan Bohanes, Risk Regulation in WTO Law: A Procedure-BasedApproach
to the Precautionary Principle, 40 COLUM. J. TRANSNAT'L L. 323, 330-63 (2002).
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information .... In such circumstances, Members shall seek
to obtain the additional information necessary for a more
objective assessment of risk and review the sanitary or
phytosanitary measure accordingly within a reasonable period
of time. 5'

The trigger for application of the SPS precautionary principle is high. Article
2.2 states explicitly that the precautionary principle is the exception to the
way that health and safety measures are to be justified and maintained. In
fact, the precautionary principle is not only exceptional, it is the very negation
of a scientific basis for justifying regulatory action: measures may be based
either on science or on the precautionary principle. 5 2

Having created a hostile environment in Article 2.2, the SPS
Agreement in Article 5.7 requires some demonstration of actual uncertainty
before the precautionary principle may be relied upon. 153 The precautionary
principle only applies to "cases where relevant scientific evidence is
insufficient," which clearly necessitates thorough prior consideration of such
evidence by the would-be regulator and a finding of its insufficiency.5 4

Moreover, the regulatory measure taken shall be based on "available pertinent
information," again implying analysis before taking action. 55 These are, of
course, not necessarily unreasonable demands of a regulatory system, but they
reverse to a degree the temporal relationship between information and action
that is at the core of the precautionary principle.

The timing explicitly mandated by the SPS Agreement likewise falls
at the weak end of the spectrum. While the implied requirement for analysis
in advance of regulation does not adopt the "full scientific certainty"
language of the Rio version," 6 it comes to the same thing. It is expected that

... SPS Agreement, supra note 30, arts. 2.2, 5.7.

152 Cf. Charnovitz, supra note 82, at 280 (reporting a WTO decision that rejected an
Australian restriction which justified action based on documented uncertainty rather than
"science").
'53 SPS Agreement, supra note 30, art. 5.7.
id.

155 Id.
156 Rio Convention, supra note 1, pmbl.
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the regulator will have acquired and analyzed a considerable amount of
evidence before it takes action. The provision in Article 2.2 that all measures
(whether based on the precautionary principle or "sufficient scientific
evidence") be applied "only to the extent necessary" underscores the need for
a detailed prior analysis, in that such fine tuning cannot be estimated.
Precautionary regulation cannot, in other words, take place as early under the
SPS Agreement as it can under the Bamako Convention.

The SPS Agreement restricts responses, as just noted, to those
"necessary to protect human, animal or plant life or health."'57 Similarly,
Article 3.3 requires specific, "scientific justification" of measures "which
result in a level of . . . protection" greater than mandated by other
international agreements.' The goal is to identify an optimal level of risk
and to regulate no further than that. Cost and other economic factors,
including the avoidance of undue trade restrictions, are also pertinent, either
to the determination of what is "necessary" or as additional factors to be
considered by the regulator.' Like other risk-based standards, the SPS
Agreement balances health and safety considerations against other goals.

The SPS Agreement not only limits the substance of the response, but
also the methods for determining the substance. The repeated references to
science are supplemented in Article 5.7 by the specific identification of
"objective assessment of risk" as the methodology to be used to justify the
continuation of regulatory measures. Again, in the context of contemporary
political rhetoric, it is impossible to see this as anything but a mandate for a
quantitative risk assessment, with all that it entails. 6 Given the disjunctive

157 SPS Agreement, supra note 30, art. 3.2.
158 Id. art. 3.3.

,s9 Id. art. 2.1.
,6o Gupta, Advance Informed Agreement, supra note 90, at 271 ("The scientific validity of
national health and safety measures is to be demonstrated through a formal risk
assessment."). The WTO Appellate Body in the beef hormones case took a broad view of
what is meant by risk assessment, at least where there was a bona fide divergence of opinion
within the scientific community. In such a case, the requirement for risk assessment does not
preclude a member from choosing to credit, as a precaution, a minority view. Report from
the Appellate Body, WTO Appellate Body Opinion on EC Measures Concerning Meat and
Meat Products Containing Growth Hormones, WT/DS26/ & 48/AB/R, at 194, (Jan. 16,
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