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M a r t in S h a p ir o * ' **

1. Introduction: the Early Reputation of Science and its D ecline

Government regulation of private industrial enterprises employing high
or complex technologies has existed for a very long time in the United States.
Mine and railroad safety legislation were among the earliest federal regulatory
programs. This history is important because high tech regulation is the context
in which the legitimacy of American regulatory agencies is established. In that
context not uncertainty but rather certainty characterized, or was thought to
characterize, regulatory decision-making. Precisely because the regulator was
doing science, technology and engineering in which standards could be
expressed and performance assessed by precise, objective, quantitative
measures, tegulation could be separated from politicsT} Precisely because
regulation dealt with technology, there were correct technological answers to
regulatory questions. Because there were correct answers, there was no
discretion. The regulator surely Jiad no choice but to arrive at the correct
answer. With no discretion, there was no need for politics. Indeed politics could
only corrupt science.
The very prototype of high technology, ‘independent’-that is supposedly
non-political- regulation was the first of the American regulatory commissions,
the Interstate Commerce Commission established in 1888. That Commission
combined two seemingly disparate functions, the safety inspection of
locomotives and the regulation of railroad rates. Both these functions, however,
were seen as involving objective, scientific assessments based on exact, nondiscretionary standards. The locomotive, of course, lay in the realm of
Professor o f Law, University o f California, Berkeley.
“ An elaborated version o f this paper will be published in: Joerges, Ch./ Ladeur, K.-H. in
collaboration with E. Vos (eds.), Integrating Scientific Expertise into Regulatory DecisionM aking -National Experiences and European Innovations. Notnos (forthcoming).
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mechanical engineering which in the 19th Century was seen as a realm of exact
science. Today we may know that all engineering incorporates standardized
responses to risk based on certain professional conventions of cost risk trade
offs, but 19th Century engineers carefully hid that knowledge even from
themselves. To them, and those around them, a locomotive was either safe or
unsafe. It either met the established engineering standard or it didn't.
Determining a correct rail freight rate was seen as no less a matter of
science, the sciences here being economics and accountings Economics would
determine what a fair rate of return was on investment. That rate was a
phenomenon as ‘natural’, that is beyond human manipulation, as the transit of
Venus. The economist would observe the free market as the astronomer did the
heavens, and measure fair rate of return, that is the return that any investment in
the market would yield, as the astronomer charted Venus' siderial movement.
The accountant would then determine the amount of the railroad's costs to be
properly attributed to the hauling of a particularly commodity over a particular
track, add the appropriate fair return figure provided him by the economist and
arrive at the correct rate. In this realm of accounting, all was quantified and
accurately measurable. Nothing was uncertain. Rate regulation was a matter of
exact science rather than discretion.
Thus the claim of American regulatory agencies to legitimacy, and to
freedom from direct, democratic political control, was precisely that they were
engaged in ‘scientific’ decision making, that is exact, objective, quantitative
measurement involving no uncertainty and thus no discretion^ The U.S. was a
political culture wholly committed to democracy. But it was also a culture
committed to modernity. And no matter how democratic, modem persons knew
that scientific questions were not to be decided by majority vote. ^
The New Deal of the 1930's built upon this claim to objectivity. The
many regulatory agencies it expanded or established claimed that they were
‘expert’, that is endowed with exact and objective knowledge. And they
promised that this expertise would be put at the service of democracy, that is at
the service of President Roosevelt who enjoyed an overwhelming electoral
mandate. Science in the service of the people was one of the brightest New Deal
banners.
World War II and its aftermath introduced curious perturbations into this
trajectory of scientific, regulatory legitimacy. At the most elevated intellectual
levels, the replacement of Neutonian physics and classical mechanics by
quantum theories and the attendant Heisenberg insights, both robbed science of
its simple certainties and broke the smooth continuities between science and
everyday engineering technologies that had given technology much of its
glamour. At a more mundane level, the needs of the war had moved probability,
uncertainty and risk to centre stage in scientific thinking.

2

At the most immediate level, however, it was atomic energy that ushered
in a new politics of regulation in the United States. Scientists knew just enough
about the secrets of the atom in 1945 to make a bomb, but even that they had
only just learned. It was clear to them and to everyone else that peaceful uses of
atomic energy were not at all like the steam locom ntive.Roth science and
technology were now clearly matters of probability,^uncertainty and risk 'TWhile
on the one hand atomic energy was a triumph of science and technology, on the
other people now learned that science could, and very well might, destroy the
world, and that scientists were themselves a part of the military-industrial
complex that might undermine democracy. Subsequently the suspicion of
science and technology engendered by the atomic bomb was supplemented by
and subsumed under the great environmental awakening that swept over the
Western world. Science and technology were threatening our lives not only with
the big bang but with the constant deluge of pollution. It is not a coincidence
that the story of the ‘frontiers of science’ doctrine I am about to tell begins in
the law of atomic energy regulation and health-safety-environmental regulation
and is shaped both by a new understanding of the uncertainties of science and a
suspicion of both those engaged in science and technology and of those
claiming expertise in the regulation of such endeavours. f
2. The R ole of the Frontiers
Administrative Law

of

Science D octrine

in

A merican

2.1. T he F rontiers o f Science D octrine

As far as I can tell the expression frontiers of science enters American
law through patent law and enters in a highly positive way. Traditionally the
word ‘frontier’ like the word ‘science’ has had highly positive resonances in the
United States, although like ‘science’ it has suffered from latter-day
deconstructivist attacks. In patent law it was one of the many only very partially
successful attempts to put into words the degree of originality that would
qualify an invention for a patent. It comes to take on quite a different meaning
when it moves to regulation.
In order to understand that meaning, the term ‘frontiers of science’ must
be put in the context of the enormous growth of administrative law that
occurred in the United States during the 1960’s, 70s and 80s. This growth,
which occurred largely through the decisions of the Court of Appeal for the
District of Columbia, seconded by the Supreme Court and Congress, has been

3
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described in a number of lengthy studies. Most of this new law applies to what
in the U. S. is called ‘informal rule-making’. Constitutionally in the U. S. there
are no regular decree powers vested in the executive branch. Administrative
rules and regulations must have their source in statutory law. Typically agency
rule making authority flows from particular statutes creating particular
programs, and each of those statutes may prescribe different procedural and
substantive norms for rule-making. The norms of the Administrative Procedures
Act apply only to supplement those of particular statutes although a federal,
administrative, common law is usually expressed as a body of judicial
interpretation of the APA.
When enacted in 1946 the APA envisioned rule making as a quick,
informal, recordless, quasi-legislative process subject to only limited judicial
review. By the 1980s the courts had transformed rule-making. The courts had
declared that rule-makers must engage in a ‘dialogue’ with all those interested
in a proposed rule, take a ‘hard look’ at all the facts, alternatives policies and
issues raised by those interested parties and construct a very complete rulemaking record that fully explained and justified the rule they finally adopted. \
The courts came very close to requiring that the agency demonstrate that it had
chosen the best rule that could possibly be formulated. Although the APA
specifies that agency rules might only be rejected on judicial review if they
were ‘arbitrary and capricious’, the courts declared that they were the ‘partners’
of the agencies in rule making. In the 1950s reviewing courts routinely deferred
to the expertise of the agencies. By the 1970s they searchingly examined
everything the agency had done and allegedly failed to do in arriving at a rule.
Courts routinely invalidated agency rules. Agency rules were invalidated when
the agency failed to demonstrate that itTiad done a perfect job of data gathering
and analysis, canvassing of alternatives, selecting the best or most correct rule,
and exhaustively explaining why it had done what it had done. Even where the
agencies won, it took them enormous amounts of time and staff resources to
make a rule^hat could survive review, t
2.2. R easonable P olicy under U nreasonable Law: the B enzine C ase

In the new regulatory legislation passed during this period, Congress
often seconded what the courts were doing. The rule-making provisions it wrote
into those statutes frequently echoed judicial developments. Many of these
statutes exhibited the same distrust of technological bureaucracies that the
courts were exhibiting. Where Congress desired detailed and highly intrusive1
1 For instance, M artin Shapiro, Who Guards the Guardians (Athens, Ga.: University o f
Georgia Press, 1988; Richard Stewart, The Reformation o f Am erican Adm inistrative Law,
Harvard Law Review vol. 88(1975), 1667-1813.
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government regulation that depended on high levels of scientific and
technological expertise, it believed it had no choice but to delegate extensive
rule making authority to the regulating agencies. It had, however, come to
distrust those agencies. On the one hand pro-regulatory Congressmen had come
to fear that government technocrats had been ‘captured’ by the private
technological industries they were supposed to regulate and would not push
forward vigorously new health, safety and environmental standards resisted by
industry. So these Congressmen added ‘technology forcing’ and ‘agency
forcing’ provisions to new regulatory statutes that in effect demanded that the
agencies stop using their technological expertise to excuse their failures and
delays in reaching the regulatory goals Congress set. On the other hand, antiregulatory forces tried, and sometimes succeeded, in writing more rigorous
judicial review standards into the new statutes in the hope that the courts would
rein in the rule-making discretion granted the technologists in agencies like
OHSA and EPA. The new regulatory statutes typically contained (1) sweeping
aspirational language declaring ‘rights’ to environmental purity, safety, etc. (2)
extensive, but fragmentary and incomplete, explicit standards or levels of
pollution control that the regulated were required to achieve, (3) detailed but
unrationalized special exceptions or waivers to (1) and (2); (4) broad
delegations of rule-making authority to the implementing agency and (5)
extensive grants of judicial review powers. Such statutes provided a field day
for those judges who, rather than deferring to agency expertise, wanted badly to
be the agencies' partners.
It was in this context that the U.S. Supreme Court confronted what has
become the classic horror story of American risk assessment jurisprudence, the
leading case from which the whole story of American judicial response to
uncertainty appears to flow, the Benzine Case.2 It should be said at the outset
that, no matter what their ultimate shortcomings, both the majority and
dissenting justices in this case had a clear understanding of the real issues and
faced them directly rather than distorting them into conventional categories of
legal analysis. All the justices recognized that uncertainty of risk was the central
issue, that the best obtainable data simply could not tell us how much, if any,
risk of cancer was generated by exposure to low levels of air borne benzine.
Science simply could not provide an answer. All the justices also recognized
that cost benefit analysis ought to play some part in the regulatory decision, but
that Congress might, if it wished, mandate a higher level of safety than was cost
justified. And ultimately, whatever the flimsiness of its legal arguments, the
majority in Benzine was right on policy grounds. For the only rival to benzine

2 Industrial Union Department. AFL-CIQ

v,

American Petroleum Institute,

448 U.S. 607

(1980).
5
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for sheer craziness in the ratio of cost to lives saved of a government regulatory
program is the asbestos removal program.
The facts and the law of the Benzine case can be stated quickly. There
was reasonable good evidence that exposure to high levels of benzine posed a
significant risk of cancer. There was no evidence at all of what risk, if any, low
levels of exposure would yield, and no way of generating such evidence. OSHA
adopted a standard for air borne benzine of 1 part per million not on the basis of
risk and/or cost benefit data, which had not and could not be gathered, but
instead on the basis of a policy that where a known carcinogen was involved,
OSHA would presume that no safe level of exposure exists in the absence of
clear proof establishing such a level. The OSHA statute required that the
standard be set which ‘most adequately assures, to the extent feasible (...) that
no employee will suffer material impairment of health (...)’. Following its
presumption policy and the statutory requirement, OSHA set the standard it did
because, in OSHA's judgment it was the lowest technologically feasible
standard that would not impair the economic viability of the industry, that is,
was both technically and economically feasible.
The statute requires that OSHA base its standard ‘on the basis of the best
available evidence’, clearly a compromise between pro- and anti-regulatory
forces that recognizes the uncertainty problem. But the statute sets as one of its
judicial review standards ‘substantial evidence on the record as a whole’.
Judicial review standards of evidence in the U.S. have never had any very fixed
intrinsic meaning. Such standards do take on a certain meaning in relation to
one another over time. In the U.S. tradition ‘substantial evidence on the record
as a whole’ was the formula for judicial review of administrative adjudications
and of certain rule making proceedings that were required to employ quasi
judicial procedures. The review standard established by the APA for ‘informal
rule making’ was ‘arbitrary and capricious’. Indeed one of the basic things that
made formal rule making formal and informal rule making informal was that in
a formal rule making as in an adjudication, a record had to be compiled and an
explicit evidentiary standard had to be met. On the other hand, in informal rulemaking the APA required no record and set as its review standard only that the
agency not have acted insanely. If the OSHA statute had been silent as to a
review standard, the arbitrary and capricious standard of the APA would have
applied. Thus its deliberate adoption of the ‘substantial evidence on the record
as a whole’ standard clearly signalled Congress' intention that the courts engage
in a more intrusive, more demanding judicial review of OSHA rules than the
traditional or customary APA review of rule making.
This shift in review standard was, of course, a victory of anti-regulatory
forces in Congress designed to engender some judicial restraints on OSHA to
slightly off-set the huge victory for pro-regulatory forces that the main

6

provisions of the statute constituted. And this shift in judicial review standard
appeared particularly significant in a case where OSHA was setting a safety
standard on the basis of a presumption that it employed precisely because no
evidence was available. It might be difficult to see how OSHA had supported its
standard of 1 PPM by ‘substantial evidence on the record as a whole’ when it
admitted it had no evidence on the 1 PPM level. On the other hand, OSHA
could and did argue that it was basing its standard on ‘the best available
evidence’. As is often true in the new regulatory statutes, compromises between
pro- and anti-regulatory Congressional forces had yielded inconsistent statutory
language. In its actual resolution of the case, the majority does not .make much
direct use of the substantial evidence standard. It does not say that unless OSHA
can adduce substantial evidence of the carcinogenic potential of low levels of
exposure, it may not promulgate a low level exposure rule. Indeed its careful
avoidance of such a route shows its sensitivity to the ‘frontiers of science’
problem, that is to situations in which government policies must be chosen
under conditions of insufficient information. Precisely because it sees the
dangers of focusing on the evidence problem, the Court instead takes the
circuitous and awkward route of rewriting the statute. It inserts into the statute
the requirement that OSHA first make a threshold finding of ‘significant risk’
before it proceeds to promulgate standards to remedy the risk. Holding that
OSHA has not met the statutory requirement that it has just invented, the Court
then invalidates the OSHA rule. OSHA was, of course, then free to go back and
start over, the next time making the significant risk finding before proceeding to
set an exposure standard.
In the course of its rather oblique opinion, the Court does briefly confront
the standard of evidence issue. ‘Although the agency's findings must be
supported by substantial evidence, 29 U.S.C. Sec. 655(f), Sec. 6(b)(5)
specifically allows the Secretary to regulate on the basis of the ‘best available
evidence’. As several courts of appeal have held, this provision requires a
reviewing court to give OSHA some leeway where its findings must be made on
the frontiers of scientific knowledge’.3 The Court then carefully avoids the issue
raised because its holding that OSHA has unlawfully failed to make the
threshold finding of significant risk means that the justices do not have to reach
the question of whether OSHA has met the substantial evidence test.
Yet the frontiers of science doctrine receives the Supreme Court's
blessing in the Benzine Case. That it does so in the special context of the
specific ‘best available evidence’ language of the OSHA statute is not very
important. The building blocks of new federal administrative law of the U.S.
very frequently begin as judicial glosses on the particular language of a
3Id- at 656.
7
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particular statute and subsequently float free to become part of the general
doctrine, their origins barely remembered.
Indeed this process begins even in Justice Marshall's dissent in the
Benzine Case. He does not use the words ‘frontiers of science’, but it is he, not
the majority, who fleshes out and purports to follow the doctrine. He does so in
the form of a general essay on the substantial evidence test itself basically
ignoring the best available evidence provision. While paying formal obeisance
to the position that substantial evidence language in a statute signals that
Congress wants judicial review more stringent than review under the arbitrary
and capricious standard, in fact he lumps the two together and argues for what
amounts to a frontiers of science exception for both of them.
He emphasizes three factors that should inspire judicial deference to
administrative rule making discretion. ‘First the issues (...) reach a high level of
technical complexity (...). Second, the issues (...) are (...) not subject to any
definitive resolution. Often the factual finger points, it does not conclude^...)
Third, when the question involves determinations of acceptable level of risk, the
ultimate decision must necessarily be based on considerations of policy as well
as empirically verifiable facts.’4
2.3. D ecision-M aking B eyond the Lim its o f Science

The Supreme Court case that most clearly establishes the frontiers of
science doctrine also constitutes it from a special situation to which it is
peculiarly well-fitted, but quite a different one than Benzine. But here again the
doctrine tends to float free of its particular setting and all the more so because
the second particular setting in which it is announced by the Supreme Court is
so different than the first. This case is Baltimore Gas and Electric Co. v. Natural
Resources Defense Council.5 Here the Court is explicitly employing the
arbitrary and capricious standard rather than substantial evidence, and the
statute that governs the case contains no ‘best available evidence’ language.
Justice O'Connor for the Court explicitly uses and cites the frontiers of science
language of the plurality in Benzine but also places Justice Marshall's
explication of that doctrine in his Benzine dissent in the very same supporting
citation. So nothing could be clearer than that the frontiers of science doctrine
has floated clear of any specific standard of review, of the specific evidentiary
standards of particular statutes and of the specific setting of any particular
agency.
The Baltimore Gas case does, however, provide a particularly good
example of the circumstances that might successfully trigger the doctrine. The
4 M- at 705-706.
5 462 U.S. 87(1983).

8

Court specifically acknowledges the ‘hard look’ doctrine and its own role in
insuring that the agency takes a hard look. At issue here is a generic rule
adopted by the Nuclear Regulatory Commission. This rule instructs nuclear
plant licensing boards to set at zero the risk that the permanent storage of
certain nuclear wastes would have a significant environmental impact.6 The
Commission's rule was based on the assumption of zero release of contaminants
from solid waste storage. The Commission ‘acknowledged that this assumption
was uncertain because of the remote possibility that water might enter the
repository, dissolve the radioactive materials, and transport them to the
biosphere. Nevertheless, the Commission predicted that a bedded-salt
repository would maintain its integrity, and found the evidence “tentative but
favourable” that an appropriate site would be found’.7 The Court of Appeal held
that because the zero release assumption was surrounded by uncertainties, it
was a self-evident error in judgement and thus arbitrary and capricious. To
which the Supreme Court responded:
‘(...) a reviewing court must remember that the Commission is making
predictions, within its area of special expertise, at the frontiers of science. When
examining this kind of scientific determination, as opposed to simple findings
of fact, a reviewing court must generally be at its most deferential’.8 The
Supreme Court reversed the Court of Appeal.
The inability to draw complete dose response curves for benzine, a long
used, ‘old fashioned’ chemical, and the inability to predict whether we will
some day be able to construct leak-proof storage for nuclear waste rather neatly
frame the extremely broad range of regulatory problems to which the frontiers
of science doctrine might be applied. It would seem worthwhile to examine
some of the cases in which it has been applied since the Benzine Case and
Boston Gas. The paradox we must continuously address is why should the
technocrat, the legitimacy of whose discretion is derived from what he or she
knows, be granted the most discretion over those things about which he or she
knows the least?
Natural Resources Defense Council v. Administrator. U.S. Environmental
Protection Agency9 arises under the Clean Air Act. The court characterizes this
statute as ‘precautionary’, and characterizes the evidence involved as ‘uncertain
or conflicting’. The court labels the statute as ‘precautionary’ because the
statutory language authorizes the EPA to act when an air pollutant ‘may

6 The nature o f these generic rules is explained below in the text o f the paragraph following
that in which note 15 appears.
7 462 U.S. 87 at 94.
8Id. at 103.
9 902 F.2d 962 (D.C. Cir. 1990).

9
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reasonably be anticipated to endanger public health’.10 Again reminding the
reader that in U.S. administrative law many judicial standards and doctrines
float free of their origins in particular statutory language, this statute does seem
explicitly to authorize the agency to engage in probablistic prediction rather
than standard setting based entirely on retrospective evaluation of established
harms. The statute further acknowledges the probabilistic nature of the agency's
decisions by requiring that its air standards must ‘allow an adequate margin of
safety’.11 For these reasons the court says it ‘will not demand rigorous step-bystep proof of cause and effect’.1" Here, as a matter of strict law, the judicial
review standard was ‘arbitrary and capricious’ not substantial evidence, but the
court is not really interested in this technicality. It actually invokes
‘reasonableness’ as its review standard.
The air pollutant at issue here is one kind of ‘particulate matter’, that is
air borne discrete particles of 10 microns or less in diameter. The basic problem
was similar to the benzine problem. High levels of pollutants were clearly a
health risk. Below such high levels there was, of course, a wide range of
intermediate levels. The scientific evidence was quite incomplete as to where
along that range of intermediate exposures health risks would begin to occur.
The EPA pointed to the divergent results of the studies and argued that because
the data did not provide evidence of clear thresholds of health risk in exposed
populations, the administrator needed to select a level along a continuum of
responses. He chose a level somewhere near the middle of the range. Those
challenging the level chosen by the administrator argued that, given the data,
the administrator had no more reason to choose the level that he did than he
would have had to choose one at the high end. The challengers also argued that
the administrator had given too much weight to some studies and not enough to
others.
In a sense the Court of Appeal acknowledged that indeed there might be
no better scientific reason to choose the middle of the range rather than the high
end of the range of potential permissible exposure levels. But the court
combined two arguments to conclude that, for precisely this reason the
Administrator might justifiably exercise his discretion to choose a middle-ofthe-range standard. The court first emphasized that in implementing a
‘precautionary’ statute the Administrator was entitled to draw conclusions
‘from suspected, but not completely substantiated, relationships between facts,
from trends among facts, from theoretical projections from imperfect data, from
probative preliminary data not yet certifiable as fact and the like’.13 Second the
10 42 U.S.C. Sec. 7408(a)(2), (b)( 1)( 1982).
11 42 U.S.C. Sec. 7409(b)(1), (d) (1982).
12 902 F.2d 962 at 968.
'3 u
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court heavily emphasized the ‘margin of safety’ language of the statute. The
Administrator could hardly be said to be acting arbitrarily when he set a
standard well below the highest level of exposure that might possibly be safe,
given his duty to create such a margin.
One of the most significant aspects of this case is the court's emphasis on
the analysis engaged in by the Agency. The court emphasizes that the Agency
engaged in an exhaustive process of gathering data, had fully considered all of
the scientific studies and had frankly and openly acknowledged the
incompleteness of the studies. The Agency had fully demonstrated an absence
of scientific consensus, had acknowledged that it was making a choice of one
standard along a range of plausible standards and had pointed to some,
admittedly uncertain data, plus the ‘margin of safety’ requirement to justify its
choice.1415In short the Agency itself clearly announced the uncertainties in the
data and clearly acknowledged that its choice along the range of choices defined
by that uncertainty was based onC policy Considerations,, in this instance the
policy of erring on the side of safety when in doubt that the Congress itself had
commanded through the statutory language of ‘margin of safety’.
Indeed, in retrospect it can be seen that the challengers to the statute
fatally erred when they argued that the Agency had acted unreasonably because
there was no more scientific reason to choose the standard it did than one that
allowed more exposure. If there was no more reason, there was also no less. The
Court argued that it was precisely in such situations that the Agency had the
discretion to make its best guess and, given the statutory policy, to guess on the
low side.
At the very opposite end of the spectrum is Gas Appliance Manufacturers
Association v. Department of Energy which involves setting standards for
that very old, mundane technology, the water heater. The court is not much
impressed with the elaborate computer model invoked by the Department to
defend its regulations particularly when the model is being invoked to
overcome actual test data that appears to undercut the Department's position.
Somewhat more politely the Court says what we all say of many computer
models, ‘garbage in, garbage out’. The Department had invoked the frontiers of
14 Actually two standards, 24 hour and annual were involved. For the form er the Agency
chose a standard near the low end o f the range and for the latter one in the middle.
15 998 F.2d 1041 (D.C. Cir. 1993). There are obvious parallels between the jurisprudence o f
this and the case previously discussed and the German concerns about ‘precautionary’ measures,
state o f the art in technology versus state o f the art in science and technology, and statutory
language limiting but not eliminating judicial review that are described in Professor Ladeur's
paper: Karl-Heinz Ladeur, The Integration o f Scientific and Technological Expertise into the
Process o f Standard-Setting According to German Law, paper presented at the workshop
‘Integrating Scientific Expertise into Regulatory Decision-M aking’, European University
Institute, 5-7 October 1995.
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science to invite the Court to defer to its predictive model. The court in effect
says a water heater is not a rocket. It says the Department of Energy is not
involved in ‘any daring new insight into particle physics, but (...) applications
of accepted propositions’.16 The Court refuses to defer and strikes down the
regulation.
This case makes an important point. Neither judges nor anyone else ought
to confuse situations in which, after the best agency efforts, the science
necessarily remains uncertain with situations in which the agency's science is
uncertain because it has not done a good enough job. Agencies ought not to be
allowed to generate frontiers of science defenses by shoving things to the
frontiers of science that are really in well settled areas. It is one thing for an
agency to say, ‘defer to our guess because we can't help guessing’. It is quite
another for it to say, ‘defer to our guess because we choose to guess’.
2.4. C onflicting T asks and M andates

The frontiers of science language has been used most frequently in
Nuclear Regulatory Commission cases. No doubt in this area the rhetorical
appeal of the expression is at its greatest, the whole nuclear industry and the
Commission in general operating at the frontiers of science so to speak.17 In this
context, however, frontiers of science have not usually been used to grant the
Commission any sort of blanket exception from the searching judicial
supervision imposed on regulatory agencies by American administrative law.
Rather the exception has been employed to deal with a few very specific
problems of technological uncertainty encountered by the Commission.
The most important of these problems occurs in a very explicit context of
risk assessment. In the governing legislation, the Nuclear Regulatory
Commission is required to carry out a detailed risk assessment, in the form of
an environmental impact statement, preliminary to deciding whether to grant
licenses for the construction and operation of nuclear powered electrical
generating plants. Each licensing proceeding is conducted separately, but the
Commission makes some generic rules that then apply to all such proceedings.
As we have seen in looking at the Supreme Court decision in the Baltimore Gas
case, one of these generic rules held that the predicted radiation risk for the
future disposal of spent fuel from a proposed plant should be set at zero. The
key issue was long term storage of radio-active waste. At the time the rule was
adopted, plans had been completed for short term, surface waste storage and
preliminary investigations were underway directed at long-term underground
storage in salt domes. In adopting its rule that the risks involved in storage be
16Id. at 1046.
17 See Deukmeiian v. Nuclear Regulatory Commission. 751 F.2d 1287 (D.C. Cir. 1984).
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treated as insubstantial, the Nuclear Regulatory Commission essentially argued
that the surface storage method will be good in the short-run and that there is a
high probability that some safe method of long-term underground storage will
be found.
The frontiers of science here do not involve unavoidable hiatuses in data
collection or current unavailability of methods of data analysis necessary to
achieve the levels of certainty customary in science. Rather, what is involved
are frontiers of history and frontiers of engineering. The Commission could
show that surface storage presented insubstantial risk for the indefinite future so
long as there was ‘adequate human surveillance and maintenance’. But such
continuous surveillance and maintenance depended on a sufficiently high and
unbroken general level of political stability and immediate security against
intruders.18 As to long-term storage, the rule was promulgated in the early
1970s at a time when the earliest salt done storage plans had already been
shelved. By hindsight we know that each and every subsequent salt dome plan
has encountered engineering problems that have been considered not adequately
solvable at an acceptable price and that no acceptable safe underground storage
plan is yet in sight.
Although the Commission's staff spoke of ‘very high’ and ‘reasonable’
probability of finding safe underground methods, even without hindsight and on
the basis of what was known at the time, these statements were little more than
wishful thinking. In short, the uncertainties of both surface and underground
sites, subject as they are to the vagaries of history and the seemingly endless
imperfections of geology, are very uncertain indeed. Essentially the
Commission was really saying that for purposes of current policy making it
could conclude that adequate short-term surface storage was available and
would assume that some long-term storage method eventually would be found.
If there was ever a transtechnological decision, it was this one. Given the
then current state of storage technologies and the very considerable
uncertainties about future developments, clearly setting the risk at zero was a
purely policy-driven decision. The potential dangers of radioactive waste were
obviously (and provably) very high. The feasibility of long-term safe storage
was almost entirely unknown. If there was to be any licensing of nuclear
electric power generating facilities at all, it would have to be on the assumption
that currently safe surface storage facilities would give us enough time to devise
long-term safe storage methods. Such an assumption could not be supported by
any really hard, scientific data. It could be defended only on the basis of general
historical evidence. Given the astonishingly rapid progress of science and
technology in the last two centuries and its steeply ascending curve, one could
18 The recent threat o f melt down on Russian subm arines because the Russian navy had
not paid its electric bills dramatically demonstrates the point.
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predict fairly confidently that we would figure out something to do with the
waste before a disaster occurred.
In the 1970s the Court of Appeal for the District of Columbia was
developing the incredibly intrusive judicial review for which it became famous.
Judge Bazelon was a leader in these judicial developments. He wrote the
opinion in Natural Resources Defense Council v. United States Nuclear
Regulatory Commission which is one of the several Court of Appeal decisions
using frontiers of science language before it was adopted by the Supreme Court.
But the decision strikes down the Commission's rule as arbitrary and capricious
essentially on the grounds that the Commission had based its zero risk waste
storage rule on an unsupported oral statement of one of its staff who had offered
no evidence at all for his conclusions that it was reasonably probable that safe
underground storage methods would be found soon.
The decision indicates what happens to an agency operating beyond
current science and technology and caught between competing policy demands
instituted by the legislature. I emphasize the and because it is the combination
of policy conflict and technological uncertainty that causes the problem here. If
considered as purely a nuclear energy policy matter, the Commission's real line
of reasoning is plausible. Short-term safe storage is available. It is prudent to
assume that its availability will give us the time to find long-term safe storage
methods and let nuclear power development go on in the meantime. Such a
working assumption is all the more defensible given the newness of our whole
nuclear science and technology and the rapidity of progress of knowledge in the
field. Indeed the Court of Appeal’s decision can best be defended on the
grounds that the Commission should have openly confessed that it was making
a policy-driven assumption rather than thinly clothing the assumption as a
probabilistic finding of fact.
The ultimate problem, however, was that the Commission was there to
implement legislation designed to foster the growth of nuclear power but was
also subject to the Environmental Protection Act. In the context of that Act, to
assume a zero risk generated by nuclear waste storage appears irresponsible
unless backed by some level of real evidence. In short, in the face of a high
level of technological uncertainty, a policy-driven assumption adopted to foster
one policy, the development of nuclear power, may appear completely
unjustified in terms of another, the protection of the environment. Once the
uncertainty is demonstrated the problem lies not in making a clearly labelled
assumption but in the conflict between the policy driving the assumption and
some other separate but equal policy.19

19 547 F.2d 633(1976).
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In the event in 1982 Congress stepped in to resolve the policy conflict by
enacting the Nuclear Waste Policy Act.20 Although the technological
uncertainties in fact remained, Congress directed that at least two national waste
storage facilities be designed and constructed. In other words Congress, by
statute, declared that safe, long-term storage would be available thus, on paper,
resolving the policy conflict between nuclear energy development and
environmental safety and, also on paper, resolving the technological
uncertainties. It was in this context that the Supreme Court subsequently
decided Baltimore Gas which allowed the N.R.C. its zero risk waste storage
rule.
This Congressional resolution was also judicially tested in Natural
Resources Defense Council. Inc, v. United States.21 Citing the frontiers of
science doctrine the Court of Appeal for the First Circuit upheld an
Environmental Protection Agency decision not to consider dangers of ground
water pollution from underground storage sites that might occur more than
10,000 years from now in setting its standards for general population safety.
The Agency had explained that it had chosen the 10,000 year mark because
major geological changes were unpredictable beyond that time. Here the Court
is not saying that the agency has discretion beyond the frontiers of science but
rather that it has the discretion to stop at the frontier. On the other hand the
Court struck down the Agency's 1,000 year limit on considering the dangers of
individual, as opposed to general population, exposure. Here the court felt that
the Agency had ignored scientific evidence that it did have in its possession. '
Four other cases invoking frontiers of science and involving atomic
power are of particular interest. Two of them Deukmejian v. Nuclear
Regulatory .Commission22 and Carstens v. Nuclear Regulatory Commission23
involve earthquake prediction and the issue of ‘worst case analysis’. The court
essentially holds that precisely because earthquake prediction currently is so
uncertain the Commission has discretion in assessing earthquake risks rather
than being required to engage in worst case analysis. City of New York v.
United States Department of Transportation24 also deals with worst case
analysis. Here, however, the risk involved is not highly uncertain but rather
extremely small. In fashioning a rule on highway transportation of radioactive
materials, the Department calculated that the risk of catastrophic accident was at
a probability of once every 300 million years and thus refused to consider it
significant. The dissenter in the case felt that the Department ought to do worst
2042U .S.C . Secs. 10101 et seq.
21 324 F.2d 1258(1987).
22 751 F.2d 1287 (D.C. Cir. 1984).
23 742 F.2d 1546 (D.C. Cir. 1984).
24 7 15 F.2d 732 (2nd Cir. 1983).

15

© The Author(s). European University Institute.
Digitised version produced by the EUI Library in 2020. Available Open Access on Cadmus, European University Institute Research Repository.

The Frontiers o f Science Doctrine

© The Author(s). European University Institute.
Digitised version produced by the EUI Library in 2020. Available Open Access on Cadmus, European University Institute Research Repository.

Martin Shapiro

case analysis. The majority found that the Department had discretion on this
issue of very low probability but high cost potential events. Finally in Limerick
Ecology Action. Inc, v. United States Nuclear Regulatory Commission25 the
court held that the Commission had the discretion to disregard the risk of
sabotage in licensing a nuclear plant because the risk of sabotage was
impossible to calculate. The dissenter in the case argued that the Commission
had not actually demonstrated that the level of risk could not be assessed and
that simply because a risk could not be quantified did not justify leaving it out
of account.
Asbestos regulation in the U.S. has been one of the prime examples of the
hysterical American response to cancer risks. Congress passed the Asbestos
Hazard Emergency Response Act of 198626 precisely because EPA had refused
to set standards on the basis of totally inadequate evidence of what if any
danger existed. The Act commanded EPA to issue certain regulations on
removal of asbestos from schools within 360 days. The EPA did issue the
regulations, and they were challenged in Safe Buildings Alliance v.
Environmental Protection Agency.27 Among other points, the challengers
argued that any regulations on asbestos removal would be arbitrary and
capricious until the EPA had determined what levels of asbestos exposure are
safe or unsafe. EPA had held hearings on this question before the Act of 1986
was passed. Those hearings had taught the EPA that there was absolutely no
consensus, and hardly any reliable data, on the health effects of asbestos, and
particularly no decent data on the comparative risks of removing or leaving
alone asbestos securely sealed within building constructions. It was for
precisely this reason that the EPA had refused to issue regulations. The court
held that, in view of the Congressional command to issue regulations now, the
Agency did not have to determine the safety of asbestos before issuing
regulations to remove it.
The Court invoked the frontiers of science doctrine to vindicate agency
action in the face of incomplete and conflicting scientific evidence. But this is
frontiers of science at its worst. It is not really a situation in which the agency
has satisfied itself and can satisfy us that it has done the best scientific job it
can. It is not a situation in which the agency clearly acknowledges it is making a
policy choice among the range of options left open by the scientific uncertainty.
It is not a case in which the policy choice is defended on policy grounds. The
court's language valiantly tries to put the best face on it, but in effect says that
because Congress has commanded the Agency to act before it knows what it is
doing, it cannot be said that the Agency has acted arbitrarily and capriciously
25 869 F.2d 719 (3rd Cir. 1989).
26 15 U.S.C. Secs. 2641-2654 Supp. IV 1986).
27 846 F.2d 79 (D.C. Cir. 1988).
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when it obeys the Congressional command. That holding may be correct, but it
is Congress' command not the frontiers of science that is at issue.
Motor Vehicle Manufacturers v. Ruckelshaus~ is a rather similar case.
Here the EPA had engaged in ‘manipulation’ and had attempted ‘to fudge
complex technological problems’ by adopting rather rough and ready tests of
auto exhaust emissions rather than employing more exacting test procedures
that were available. The Agency argued that the results in the less exacting tests
correlated with results in the more exacting tests and were thus permissible,
although the agency admitted that the correlation itself was pretty rough. The
Supreme court invoked the frontiers of science doctrine in deferring to the
Agency's action. Standing alone it seems to me the doctrine is wrongly invoked.
The Agency was not at the frontier. It was deliberately declining to do the best
science it could. It was simply basing its regulatory policies on less than the
best science. It deliberately was knowing less than it could have known. Both
the court and the Agency admitted that the Agency was stopping short of the
best science, and both justified the stopping short as a ‘reasonable
accommodation of the conflicting interests’. This is not the argument that where
science stops short of the answer, policy considerations should take over.
Rather it is the argument that policy considerations justify stopping short of
taking science as far as it can go. The court admits that that is what it is doing. It
justifies doing so, as in the Asbestos Case, on the grounds that avoiding full
science was precisely what Congress commanded in the governing statute. The
Court quotes the statutory language ‘reasonably capable of being correlated’. It
then says ‘Had Congress intended to prescribe classical correlation it could
have done so (...)’.2829 In other words, if Congress commands the Agency to do
poor science, it is not arbitrary and capricious for the Agency to do just that. In
this I think the court is quite correct. The Congress may command poor science
or, as in the Asbestos Act, no science at all. And such commands can justify
Agency discretion. But these are not situations in which frontiers of science
ought to be invoked. The Agency is proceeding without full knowledge not
because it has hit the frontier and cannot get full knowledge but because
Congress has instructed it to proceed without full knowledge even if such
knowledge is available.
3. Conclusion: the Importance
J udicial C ontrol in Europe

of the

A merican Experience

for

Great attention must be paid to the specific American context in which
the frontiers of science doctrine has been developed. That context is an
28 719 F.2d 1159 (D.C. Cir., 1983).
29IsLat 1167.
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administrative law that grew suddenly and rapidly in the late 1960s, and 70s to
require the most searching judicial review of agency decision-making. The
reviewing courts came to require that regulatory rules be accompanied by
exhaustive factual support and policy analysis. At the minimum, agency
prepared supporting documentation had to respond to every issue raised by
anyone interested in the rule-making. And frequently the Court went much
further to require that the agency conclusively prove it had made not a good
rule but something close to the best rule. Moreover many of the relevant
statutes authorizing agency rule making required that the rule be supported by
‘substantial evidence’.
In this situation the ‘frontiers of science doctrine’ is actually the frontiers
of science exception. It is the statement by courts that, under certain
circumstances, they will approve agency rules that are not supported by fully
1 persuasive evidence. The basic circumstances is, of course, that the agency
show, by persuasive evidence, that some of the data needed to fully support a
proposed rule simply are not available and cannot be obtained given the current
state of scientific knowledge and research technologies. More precisely courts
acknowledge the agency's lawful discretion to choose one among a range of
policies that appear justified in view of the uncertainties in the data at the
frontier.
Beyond the requirement that the agency demonstrate that it really is at the
frontier, a second requirement appears to emerge at least from the more well
thought out of the relevant judicial opinions. Where the agency is making a
policy driven choice among alternative rules each of which is plausible given
the uncertainties in the data, it ought to admit what it is doing and explain why
it has made the choice it has. Put negatively, it ought not to pretend that what is
in reality a policy driven choice is a conclusion dictated by scientific data
analysis. For instance, it ought to explain the grounds on which it has chosen
the high end or low end estimation of risk when the best the data analysis can
do is generate a range of estimations. If policy discretion takes over at the
frontiers of science, then the agency ought to be forthcoming about what policy
considerations have determined its decision.
The frontiers of science doctrine is most important not because it grants
agencies more discretion but because it reduces the incentives of the agencies to
lie about what they are doing. At a certain point American courts began to claim
that it was their duty to insure that the agency had made the best rule rather than
simply making a discretionary choice among the range of potential rules that
would be legitimate given the facts and the statutory language. American courts
also demanded that agencies make their rule making processes more and more
transparent and participatory. At that point American agencies had a very high
incentive to disguise their policy choices as scientific conclusions. American
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agencies have come to invest enormous time and effort in erecting enormous
bodies of scientific and technological findings, and analysis of those findings,
marshalled to demonstrate that the rule that they write is not chosen but rather is
dictated by the analysis. All of this leads to the paradoxical result that American
agencies have become so skilled at camouflaging policy as science that their
rule making processes have become more opaque to both the citizen and the
judge than they ever were. The frontiers of science doctrine provides one way
of eliminating these perverse incentives to the agencies to disguise policy as
science.
The peculiarly American context of the frontiers of science exception
might lead to a number of different conclusions as to its use in Europe, and
particularly to the European Union which is now beginning to develop a regime
of regulatory rules, or delegated legislation, developed through a comitology
process that claims high levels of scientific expertise. One would be that in the
absence of the rigorous, even perverse, judicial review demands of the United
States, there is no need in Europe for a doctrine that in essence amounts to an
exception to excessive judicial review demands. There is, however, at the very
l‘ least some potential for the growth of more active review of the decisions of
1Union organs by the Court of Justice.30 Certainly there are calls for greater
transparency and participation in the Union's regulatory processes. Perhaps a
frontiers of science doctrine inserted early would lead to the avoidance of the
American pathologies. At the very least, it would seem to be highly desirable to
call upon regulators to clearly label when they are doing science and when they
are doing policy and not to pretend to unavailable scientific exactitude when
they are making policy driven guesses. And at the very least we might begin to
counsel judges and others not to demand unattainable levels of scientific
certitude of regulatory agencies, a demand that can only lead to a lot of agency
misrepresentation. i
The existence of and need for the frontiers of science exception in the
United States might also remind Europeans of the dangers of building claims to
legitimacy on technological and scientific expertise. | In the real world few
jmportant government decisions are entirely dictated by exact science.^ Science
itself is full of probabilistic findings and of incomplete data sets. Science
applied to human affairs often generates uncertainties and estimating
procedures or models full of unproven assumptions and discretionary choices
along a range or spectrum of predicted outcomes. Policy makers whose claim to
authority is based on scientific expertise!are likely to exaggerate the degree of
scientific certainty and disguise the degree of policy discretion that inheres in
their judgements. They are likely to assert a clear boundary between scientific
30
Martin Shapiro, The Giving Reasons Requirement, University o f Chicago Legal Forum
vol. 1992, pp. 179-220.
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judgements and political judgements that does not exist. Science may indeed be
neutral, but given the uncertainties in science and its typically probabilistic
findings, the application of science to public policy is not neutral. The frontiers
of science doctrine reminds us of these truths, j ,
Finally American experience with the frontiers of science doctrine may
provide some guidance for legislators in the European Union.31 A number of the
cases deal with ‘precautionary’ statutes, that is, statutes that seek to prevent
future harms rather than regulating current ones. Professor Ladeur's paper32 and
a number of others remind us that the concept of ‘precautionary statute’ is also
frequently used in Europe. In such ‘precautionary’ contexts debates often arise
about whether or not regulatory policies ought to rest upon worst case
analyst.33 In a number of other cases the court gives the agency broad leeway
to cut scientific comers because Congress commanded that the agency do poor
or incomplete science. Just as legislatures may command more health or safety
A , or defense or culture than cost benefit analysis could justify, they may
command more precaution than risk assessment techniques could justify. Just as
legislatures may decide to act on the basis of evidence in hand or wait until
more comes in, so they may specify the level of evidence needed to support
decisions by those exercising their delegated legislative powers. The Congress
sometimes says substantial evidence and sometimes best available evidence.
' But it may also say less than best available evidence. Legislatures can and often
should specify how they want regulatory agencies to deal with uncertainties,
hiatuses and probabilities.
The bottom line of American experience with ‘frontiers of science’ is that
neither legislators nor administrators nor judges should be allowed to pretend
that their decisions are dictated by science or technology in those instances
when in fact they are not. We must seek to structure incentives for policy
makers that lead them to highlight the elements of discretion in their decisions
not hide them behincj false claims of scientific exactitude. ,

G*o

P

t

31 O f course I m ean by legislators in the European Union whichever organ(s) o f the Union
wield law-making authority.
32 Ladeur, op cit, note 15.
33 See the I.imerick and City o f New York cases cited at notes 25 and 24 above.
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