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Evaluation of Legal Liability for Technological Risks in View
of Requirements for Peaceful Coexistence and Progress

Henk Zandvoort∗

Legal liability for risk-generating technological activities is evaluated in view of requirements
that are necessary for peaceful human coexistence and progress in order to show possibilities
for improvement. The requirements imply, given that political decision making about the ac-
tivities proceeds on the basis of majority rule, that legal liability should be unconditional (ab-
solute, strict) and unlimited (full). We analyze actual liability in international law for various
risk-generating technological activities, to conclude that nowhere is the standard of uncon-
ditional and unlimited liability fully met. Apart from that there are enormous differences.
Although significant international liability legislation is in place for some risk-generating
technological activities, legislation is virtually absent for others. We discuss fundamental pos-
sibilities and limitations of liability and private insurance to secure credible and ethically
sound risk assessment and risk management practices. The limitations stem from problems
of establishing a causal link between an activity and a harm; compensating irreparable harm;
financial warranty; moral hazard in insurance and in organizations; and discounting future
damage to present value. As our requirements call for prior agreement among all who are
subjected to the risks of an activity about the settlement of these difficult problems, precau-
tionary ex ante regulation of risk-generating activities may be a more attractive option, either
combined with liability stipulations or not. However, if ex ante regulation is not based on the
consent of all subjected to the risks, it remains that the basis of liability in the law should be
unconditional and unlimited liability.
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1. OVERVIEW

The two requirements for peaceful coexistence
and progress that are assumed as the basis for our
analysis are presented in Section 2. These are the re-
quirement of informed consent and the requirement
of liability in the absence of informed consent. We
will refer to these requirements as “our evaluation
criteria” or “our requirements.” We discuss the ethi-
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cal (Section 2.1) and economical (Section 2.2) under-
pinnings that provide reasons why respecting the re-
quirements is desirable. In Section 3 it is explained
that, assuming these requirements and given that
political decisions within nations on risk-generating
technological activities are taken with majority rule,
liability for these activities should be unlimited (full)
and unconditional (absolute, strict). It is also pointed
out in Section 3, and further elaborated in Section 6,
that in view of these requirements no liability law
can fully compensate for the absence of unanimity
decisions among all those who are subjected to the
risks, and that certain unanimity decisions will always
be required. Section 4 offers a historical introduc-
tion to the notion of legal liability for risk-generating
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technological activities, revealing a number of com-
mon developments in the different legal orders since
the 19th century. Having thus set the stage, we eval-
uate in Section 5 a number of current examples of
liability in international environmental law, reveal-
ing that apart from enormous differences in liability
for different activities, in none of the cases are the
standards mandated by our requirements met. As a
specific issue, we discuss the precautionary principle
in environmental law in relation to liability law. Sec-
tion 6 assesses the fundamental possibilities and lim-
itations of liability and private insurance as instru-
ments for bringing about credible and ethically sound
risk assessment and risk management practices. We
discuss how the limitations of liability lead to the de-
sirability or necessity of precautionary ex ante regu-
lation for risk-generating technological activities, but
we also point out that the basis of liability in the law
should remain unlimited and unconditional, as long
as precautionary ex ante regulation is not based on
the unanimity among all who are subjected to the
risks. Section 7 provides concluding remarks.

2. THE REQUIREMENTS OF INFORMED
CONSENT AND OF LIABILITY IN THE
ABSENCE OF INFORMED CONSENT

2.1. Necessary Conditions for Peaceful Coexistence

The two requirements for peaceful coexistence
and progress are as follows:

(1) The requirement of informed consent: For all
(technological) activities, all those who may
experience their effects, including the risks
caused by the activities, must have given their
informed consent to the activities and to the
conditions under which the activities are per-
formed.

(2) The requirement of liability in the absence of
informed consent: Those who engage in ac-
tivities without the informed consent of those
who may experience the effects should be
fully and unconditionally liable for any nega-
tive effects that their activities may cause to
those who did not give their informed con-
sent.

The requirements are implied by the ethical prin-
ciples of restricted liberty and reciprocity, which
themselves are necessary conditions for peaceful co-
existence. The principles of restricted liberty and
reciprocity were discussed by Van Velsen.(1,2) He
showed that restricted liberty, which he called the

right to be safeguarded, and reciprocity together are
necessary and moreover sufficient for peaceful coex-
istence. Below we will briefly discuss how the prin-
ciples of restricted liberty and reciprocity imply the
two requirements mentioned above.

2.1.1. Restricted Liberty and Informed Consent

The principle of restricted liberty holds that ev-
eryone is free to do what he/she pleases as long as
he/she does not harm others. It is also known as the
no harm principle. The restricted liberty principle
has a long history. It was included as article 4 in the
Déclaration des droits de l’homme et du citoyen du 26
août 1789 of the French Revolution. The philosopher
J. S. Mill defended the principle in his essay On Lib-
erty published in 1859.

The restricted liberty principle contains the prin-
ciple of equal rights but is not equivalent to it. Equal
rights may be necessary for peaceful coexistence, but
it is not the case that all conceivable rights would
lead to peaceful coexistence even if each has the
same rights. For example, the principle “Everyone is
free to act as he/she pleases (irrespective of whether
he/she is harming others)” respects the equal rights
principle, but it will only render peaceful coexistence
if some people are absolutely tolerant to what oth-
ers do to them, which is not the case. From the per-
spective of peaceful coexistence there is hence an
asymmetry between different possible principles of
individual freedom to act. If all people respect the
restricted liberty principle stated above, then peace-
ful coexistence is guaranteed, but the same does not
hold for a “liberty” principle that does not in this way
restrict people’s actions toward each other.

It is assumed here that harm is a subjective no-
tion: whether and to which extent someone is harmed
by something is subjective, or at least has subjective
elements. This means that it is not the actor who
can determine whether an effect of his/her actions is
harmful, but those who experience these effects.

An equivalent formulation of the restricted lib-
erty principle is the right to be safeguarded:

Everyone has the right to be safeguarded from
the consequences of another person’s actions.
(See Refs. 1, p. 96; 2)

Because of the assumption that there are always
subjective elements to the question whether some-
one is harmed by something, there are only two ways
in which it can be ascertained that other people are
not harmed by an activity. Either there are no (ac-
tual or possible) consequences for others. Or there
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Evaluation of Legal Liability for Technological Risks 971

are such (actual or possible) consequences, but those
who may experience these consequences have given
their informed consent to the activity. Hence, the
right to be safeguarded implies the requirement of
informed consent stated at the beginning of this
section.

2.1.2. Reciprocity and Liability

The right to be safeguarded does not specify how
a violation of that right may be reacted to. Hence
there is a need for a second principle that deals with
violations of the right to be safeguarded. Such a prin-
ciple is the reciprocity principle:

He/she who violates a right of another may be
reacted to in a reciprocal way. This means that
somebody who infringes a right of another,
himself loses that same right insofar as that is
necessary (and no more than that) in order to
restore the situation existing before the viola-
tion or to compensate for it, and, if necessary,
in order to prevent further infringement. (See
Refs. 1, section 7; 2)

Given the right to be safeguarded, the reciprocity
principle implies that anyone who did not respect
another person’s right to be safeguarded and who
caused the other person harm may be forced to re-
pair or compensate the harm. Hence the reciprocity
principle implies the requirement of liability in the ab-
sence of informed consent stated at the beginning of
this section. This requirement gives anyone who had
not given his/her informed consent to a risk creating
activity the right to recover (to the extent that this
is possible) from any harm ensuing from the activity
that may fall upon him/her. But there is no obligation
to execute this right.

Having thus presented the two requirements for
peaceful coexistence and their ethical underpinnings,
I will next explain their relation with basic principles
from economic theory.

2.2. External Costs and Progress

Below, the requirement of informed consent will
be reformulated using language deployed in eco-
nomic theory, and it will be shown that the require-
ment is necessary for progress.

Among the fundamental assumptions of eco-
nomic theory are some important assumptions that
have an ethical dimension. These assumptions in-
clude the following: (1) If people freely enter into a

transaction or contract (and if the parties to the trans-
action or contract have adequate information, do not
cheat, and keep their promises), then it makes all par-
ties better off. Otherwise, they would not enter into
it. (2) People should be the judges of their own well-
being or utility, but not of the well-being or utility
of others. (3) People have the right to improve their
own well-being, at least as long as they do not harm
others.1 Transitions that make, or are expected to
make, at least some better off and no one worse off,
in their own judgment, are called (expected) Pareto
improvements. It appears that everyone agrees that
Pareto improvements represent social progress in an
unequivocal way, hence are good. Assuming this as
a starting point, it follows that, if there are no neg-
ative effects for nontransacting parties, free trans-
actions among people render Pareto improvement,
hence are good. This, together with an argument re-
garding the potentially beneficial effects of special-
ization and innovation, is the basis for Adam Smith’s
and later economists’ claim, known as the hypothesis
of the invisible hand, that free markets and competi-
tion benefit everyone, hence are good. The argument
holds for contracts in general, but it should be noted
that, for the general case, the concept of an expected
Pareto improvement should be used.

The conclusion that activities governed by free
markets and competition render Pareto improve-
ment requires as an assumption that negative effects
for nontransacting parties, called external costs or
negative externalities,(3,4) are absent or at least suffi-
ciently small. For many contemporary activities this
may not be the case, as the actual and potential im-
pacts of technology-enabled human activities upon
others are large, and moreover growing. I define here
an external cost as a harmful effect, caused by a hu-
man activity, that is not accepted by those affected
as an element of a voluntary agreement, but instead
is involuntarily imposed. Classical examples are toxic
smoke from chimneys or cigarettes causing harm or
risks to people nearby. If the external costs of human
activities are sufficiently large, then these costs may
offset their (expected) individual gains from market
transactions. If external costs are present, not merely
nonactive “bystanders” may end up worse off, but
also those who engage in the activities and trans-
actions that generate the external costs. Free mar-
kets and competition hence do not guarantee (ex-
pected) Pareto improvement if external costs are

1 Not all authors on economics support the condition in the third
assumption.
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present. The only way to secure that an activity ren-
ders (expected) Pareto improvement is to ascertain
the informed consent to the activity of all who may
experience the external costs of the activity. This is
the requirement of informed consent of Section 2.1,
now derived as a necessary condition for securing
progress in the sense of (expected) Pareto improve-
ment. I will next clarify that involuntarily imposed
risks are external costs.

A risk is a cost not for sure but expected with
some probability. For someone who satisfies the “ax-
ioms of rationality” assumed in the theory of deci-
sion making under uncertainty,(5) a risk is equivalent
to a sure cost, in the following sense. If confronted
with a risk, such a person is capable of identifying a
sure cost (a negative utility), such that he/she is indif-
ferent between the sure cost and the risk. Any haz-
ardous situation can be evaluated as a risk. Hence,
any man-made hazard is equivalent to a real cost to
anyone subjected to the hazard who satisfies the “ax-
ioms of rationality.” (This holds for natural hazards
as well, but as the latter are not created by humans
they do not concern us here.) For such persons, the
statement that the external costs of a hazardous ac-
tivity include the involuntarily imposed risks stem-
ming from that activity has a perfectly clear mean-
ing. Nevertheless, the determination of the external
costs stemming from risks cannot be fully objective,
because both the assessment of risks in terms of pos-
sible physical effects and probabilities, and the eval-
uation of those physical risks in terms of disutilities,
are at least in part subjective. Also, because of uncer-
tainties in risk estimates, these costs are always vague
to a varying degree. Finally, there is no ground for as-
suming that such costs can (always or in general) be
expressed on a finite monetary scale.

For practical reasons, general rules are desir-
able that specify which (market) activities are al-
lowed and under which conditions. Such rules can
be given by adopting laws. However, if progress in
the sense of (expected) Pareto improvement is to be
secured, these laws must have the informed consent
of all those who are subjected to the (possible) con-
sequences of the activities that the laws allow. Two
types of conditions may be deployed in such laws.
The first type concerns ex ante restrictions and pre-
cautions that should be observed while performing
the activities, meant to make the activities less harm-
ful or hazardous for others. Safety and environmen-
tal regulations belong to this type. Conditions of the
second type impose on actors a duty to repair or com-
pensate for harm caused by their actions. Such con-

ditions will be called here ex post conditions. Third-
party liability stipulations are examples. It is always
possible to apply both types jointly.

2.2.1. Conclusion

It follows from the fundamental assumptions of
economic theory stated above that only if the laws
that regulate risk-generating technological activities
have the informed consent of all those who are sub-
jected to the risks, a nonsubjective basis can be pro-
vided for the expectation that the activities render
(expected) Pareto improvement.

3. IMPLICATIONS OF MAJORITY RULE
IN NATIONAL POLITICAL
DECISION MAKING

It is well known in the science of public choice
that the unanimity rule is the only voting rule cer-
tain to lead to Pareto improvement.(6) However, in
the current democracies, political decision making
relies on the simple majority rule rather than una-
nimity rule (often within the framework of a consti-
tution that can only be changed with a larger ma-
jority). We will proceed our analysis while taking
national majority decision making as a given, and we
will hence focus on the implications of this fact for
liability law. For our analysis, the following implica-
tions are relevant:

1. Because of majority decision making at the
national level, an activity imposing risks upon
others can proceed in a state, even when a
minority objects that the activity is harm-
ful. In addition, the possible negative conse-
quences usually transcend national borders,
and those living there have usually not been
asked for their consent. Agreement among
governments, for instance, on an international
law that regulates a risk-generating techno-
logical activity, does not guarantee unanim-
ity on the issue among the citizens governed.
There is ample evidence that many technolo-
gies with potentially large and far-reaching
consequences actually do violate our first re-
quirement, as active opposition to some of
these technologies is widespread. From the
fact that an activity is allowed by national
or international law, it can therefore not be
concluded that the activity satisfies our first
requirement, or that it leads to (expected)
Pareto improvement.
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2. It then follows from the requirement of li-
ability in the absence of informed consent
that, given the reliance on majority rule at
the level of nations, the standard of legal
liability for risk-generating activities should
be unlimited (full, no caps) and unconditional
(absolute, strict), which means that there
should be an absolute requirement to fully re-
pair or compensate any harm that might re-
sult. This would give all who are subjected to
risks by others the right to reparation of, or
if that is not possible, compensation for any
harm that may ensue from those risks. People
are of course free not to execute that right.

3. Even unconditional (absolute, strict) and un-
limited (full) legal liability can usually not
fully correct for the violations of the re-
quirement of informed consent brought about
by the reliance on majority rule. Decisions
based on the consent of all those who may
experience the negative consequences of a
risk-generating technological activity remain
needed regarding several aspects of liability
and how it is implemented. These aspects in-
clude the rules of evidence for establishing a
causal link and the precise allocation of the
burden of proof; the way in which irrepara-
ble damage will be compensated and the way
in which reparation and compensation will be
financially guaranteed; the way in which fu-
ture damages will be discounted to present
value; the way in which moral hazard in in-
surance and in organizations is dealt with; and
how access to courts will be secured in view
of the fact that mounting a liability case costs
money.2 We will return to these issues in Sec-
tion 6 where we discuss the possibilities and
limitations of liability and insurance to secure
credible and ethically sound risk assessment
and management.

The following remarks pertain to the three im-
plications taken together. To the extent that re-
pair of, or compensation for, possible harm is
better guaranteed, the willingness to consent to risk-

2 Authors from the “law and economics” school have stated that
actors who are held strictly liable for the external costs of their ac-
tivities will internalize these costs into their decisions.(7−10) Ap-
parently, they asserted that unconditional and unlimited liability
for risk-generating activities secures (expected) Pareto improve-
ment, irrespective of whether those subjected to the risks have
consented to the activities. In making this assertion, they have
ignored the problems enumerated in the text.

generating activities will increase. Also, to the ex-
tent that liability for risk-generating activities better
approaches the standard of unlimited and uncondi-
tional liability, more external costs associated with
the risks will be internalized. Therefore, a legal sys-
tem based upon unlimited and unconditional liabil-
ity can, if not fully then at least partially, counter-
act the negative consequences of political majority
decision making summarized under point 1 above,
and for that reason can make political majority deci-
sion making more acceptable in the light of our re-
quirements. For the same reason, the introduction
of liability laws that would make liability for the ac-
tivities of risk-generating technological organizations
less conditional and less limited than currently is the
case would therewith reduce the ethical problems
that their employees currently encounter in their pro-
fessional activities.(11,12)

But in virtue of the third implication, bring-
ing liability law closer to the standard of unlimited
and unconditional liability, cannot be sufficient to
bring about full compliance with the requirements
for peaceful coexistence and progress that are the
frame of reference for the present article. One must
hence also consider how actual political decision
making about risk-generating technological activities
can be brought closer to the standard of unanimity
among all those who are subjected to the risks (or
among persons who really represent them). The lat-
ter topic is both important and challenging, but it
cannot be pursued within the confines of the present
article. In its general form, the topic is studied in
the field of public choice. One of the challenges of
bringing actual decision making closer to the ideal
of consensus decision making is to find ways to con-
fine the possibilities and effects of strategic behavior.
(A voter is said to behave strategically if he/she is
not sincere about his/her true preferences, in order
to obtain a more attractive outcome.) Some head-
way has been made with designing voting procedures
based on unanimity decision making that quench the
possibilities for strategic behavior and that could be
applied to decision making about risk-generating
public facilities such as airports, (rail)roads, and in-
dustrial installations such as nuclear and chemical in-
stallations.(6)

4. HISTORICAL DEVELOPMENT OF LEGAL
LIABILITY FOR RISK-GENERATING
TECHNOLOGICAL ACTIVITIES

Historically, liability for harm resulting from
private activities has been based on principles of
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strict and unlimited liability. Thus, both in Roman,
Germanic, and later in European law the basic
principle of liability has always been that all who
unlawfully cause harm to others should fully repair
or compensate the harm, regardless of whether they
had or had not been careful. Hence, in these legal
systems people have always been liable for all in-
jury resulting from risk-creating activity, whether the
activity had been careless or not. It was also irrele-
vant whether the harm was caused by an individual
himself or rather by his animals, servants, and such
like.(13) This principle was discarded in the 19th cen-
tury when the principle of “no liability without fault”
was introduced. The latter principle is said to have its
roots in the liberal individualism of the 19th century.
According to Zweigert and Kötz,(14) this liberal indi-
vidualism entailed the view that “a responsible indi-
vidual’s movement should only be limited by the im-
position of liability in damages if he culpably failed to
conduct himself in accordance with the general duty
to act carefully.” This translated to the legal princi-
ple that a citizen may only be held liable for harm
caused by otherwise lawful activities if he had acted
with insufficient care, that is to say, if he was “neg-
ligent” or “at fault.” If on the other hand an act was
performed in conformity with “the general obligation
to act carefully,” that is to say, if “fault” was lack-
ing, then any harm resulting from it should be borne
by the victim.(14) In the United States as well as in
England, the 19th-century introduction of fault lia-
bility as well as of limited forms of liability were ex-
plicitly motivated by the desire to promote the devel-
oping industry.(14−16) 3 Such an explicit motivation is
less visible for the countries on the European conti-
nent. Apart from this, and apart from differences in
degree, the transition from relatively strict and full
liability to “fault” or “negligence” liability has also
taken place in the countries of the European Con-
tinent, even though in at least some European coun-
tries liability for at least some risk-generating techno-
logical activities has always rested on a “strict” rather
than a “negligence” rule. (The latter is demonstrated
for the case of sparks from railway steam engines
burning crops in Ref. 18.)

A particularly clear description of the 19th-
century transformation of tort law in the United
States is provided in the work of legal historian Hor-
witz.(15,16) An instructive example is provided by the
changes in the conception of property rights.(15) Up

3 Brenner,(17) writing about the case of England, and Martin-
Casals,(18) writing about various European countries, question
whether in those countries the adaptation of tort law to the de-
veloping industry was a conscious process.

until about 1800, property rights were characterized
by the legal adage “use your property in such a way
that you do not damage another man’s property.”
This implied that if damage did occur, the actor had
to refund those harmed, even when the activity was
lawful and had been performed with care. Hence, an
actor was liable for any risk that he created. About
70 years later, the right to property had changed so
as to imply above all the right to develop one’s prop-
erty for economic purposes, even if this would harm
others. An actor could no longer be held liable for
harm imposed upon others if the activity was lawful
and if there was no evidence of carelessness (“fault”)
in the performance of the activity. Although this new
principle of “no liability without fault” was initially
applied only to the activities of companies working
under state grants, which were taken as evidence that
the activities, though funded privately, were socially
beneficial,(15) the new principle was subsequently ex-
tended to all lawful activities.

If it is now commonly stated that “traditional tort
law tends to rest on fault-based regimes”,(19) then it
must be clear that this tradition was only established
in the 19th century. The same holds for two other el-
ements of contemporary law pertaining to liability.
Thus, although corporations with limited liability had
existed in earlier centuries, their large scale introduc-
tion took place, and was enabled by legal changes,
in the 19th century (see Refs. 16, Chapter 3; 20, es-
pecially the contributions of Diamond, Minchington,
and Perrott; 21). Also, the introduction of legal limits
to liability unrelated to the harm and of legally fixed
amounts of compensation for damage are basically
19th-century developments.(15) It should be noticed
that the developments described here—from strict to
fault liability; introduction of corporations with lim-
ited liability; and the introduction of legal limits to
liability and compensation—represent moves away
from the requirements that form the frame of refer-
ence for the present article, taking into consideration
that all these developments were severely contested
at the time of their introduction.

The development of legal liability in the 20th
century has witnessed certain tendencies back to-
ward stricter, i.e., less-conditional forms of legal li-
ability. Again the overall development has been sim-
ilar in the different legal systems, in spite of national
differences, and in spite of differences in style be-
tween the Anglo-Saxon and the continental Euro-
pean legal tradition.4 An example of the tendency

4 For example, concerning differences in the actual amount of
compensation paid in liability cases, see footnote 7.
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toward strict(er) forms of liability are the principles
and regulations that govern products liability in the
United States and in the EU. These are said to be
based on strict liability, as opposed to fault liabil-
ity, even though products liability remains in im-
portant respects conditional (see, on this, note 12).
Another manifestation of the trend is a tendency to-
ward strict liability for so-called ultra hazardous ac-
tivities, based either on sector legislation of which
CERCLA and OPA in the United States are exam-
ples, or on general legal liability rules for danger-
ous activities (see Ref. 19, Chapter 7). At the in-
ternational level, there are many activities aimed at
strict(er) liability rules for risk-generating technolog-
ical activities. Despite this level of activity, general
principles of strict liability have so far not been firmly
established in international law. Even where they are
said to exist, states have often been unwilling to apply
them.(22−24) The clearest expressions of strict liabil-
ity in international law have taken the form of sector
treaties, addressing the liability of specifically circum-
scribed technological activities, but so far only two
of these have actually entered into force. These two
“exemplary” treaties will be analyzed in the next sec-
tion in the light of our requirements (Section 5.1), but
we will also consider areas of risk-generating activi-
ties for which there is a complete lack of established
liability principles.

Concerning the limited liability of corporations,
despite certain measures that have been taken to fa-
cilitate in certain circumstances the “piercing of the
corporate veil,” the basic elements remain largely un-
altered. These elements include that a shareholder
cannot be held accountable for harm done by the cor-
poration in excess of the value of his shares, and that
employees including officers cannot, or only under
stringent conditions, be held accountable for harm
caused by the corporation. We will return to corpo-
rate liability in Section 6.

5. LIABILITY IN INTERNATIONAL
ENVIRONMENTAL LAW

In the present section we have two aims that both
stand in the service of identifying possibilities for
improvement of (international) liability law. Firstly,
we want to illustrate that there are enormous differ-
ences in legal liability in international law between
different types of technological activities: whereas for
some areas of risk-generating activities there is sig-
nificant liability legislation in place, such legislation
is virtually absent for other areas. Secondly, we want

to show that even for the areas for which a principle
of strict liability is said to be implemented (to be dis-
cussed in Section 5.1), the standard of unconditional
and unlimited liability that is mandated by our evalu-
ation criteria, given the fact of political decision mak-
ing at the level of nations, is not fully met.

A comprehensive overview of international law
pertaining to liability and compensation for harm
from technological activities is not aimed at and
would be out of the scope of this article. For such
overviews, see Refs. 22–27.

5.1. Oil Pollution and Nuclear Accidents

There exist international conventions regarding
third-party liability for oil pollution from maritime
transport and for nuclear accidents from the peace-
ful use of nuclear energy. These agreements have
several elements in common (see Refs. 25, pp. 356–
358; 28; 29), and have moreover served as models
for several later (draft) conventions on civil liability
for risk-generating technological activities.(25) Of the
two agreements, only the one regarding oil pollution
from maritime transport has been successfully re-
lied upon by pollution victims.(25) Nevertheless, both
agreements must be considered as relatively success-
ful efforts to implement strict liability in international
law, as none of the other liability conventions have
entered into force, and as the prospects for their en-
tering into force are on the whole considered dim by
experts.(22,23,25)5

The common elements of the conventions on
third-party liability for oil pollution from oil vessels
and for damage from accidents with nuclear facilities
mentioned above are as follows:

(1) Liability is “strict,” meaning that actors are
not exempted from liability if they were not
“at fault.”

(2) Liability is “channeled,” meaning that only
designated actors (the oil tanker owner and

5 The liability conventions that have been drafted but so far have
not entered into force include the 1962 Brussels Convention on
the Liability of the Operators of Nuclear Ships; the 1977 Inter-
national Convention on Civil Liability for Oil Pollution Damage
resulting from Exploration and Exploitation of Seabed Mineral
Resources; the 1993 Council of Europe Liability for Dangerous
Activities Convention; the 1996 IMO International Convention
on Liability and Compensation in Connection with Carriage of
Hazardous and Noxious Substances by Sea (HNS Convention);
and the 1999 Basel Hazardous Wastes Liability Protocol (see
Refs. 22, p 96; 26, 27).
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the nuclear facility operator, respectively) can
be held liable.

(3) The liability is limited to a fixed amount per
accident.6

(4) The liability (up to the limit specified) must
be covered by insurance or by other financial
security held by the actor to which the liability
has been “channeled.”

In addition to these liability stipulations there is
an international Oil Pollution Compensation Fund,
financed by levies on imports of oil, from which dam-
age may be compensated that exceeds the limit of the
ship owner’s liability, up to a further limit. The nu-
clear liability conventions hold the state in which the
nuclear plant is situated liable for damage above the
limited liability of the operator, again up to a limit.7

5.1.1. Evaluation

The first element of “strict” liability is consis-
tent with our evaluation criteria. The third element,
however, is not, given that the limits have been fixed
at levels that are well below realistic levels of the
costs of damage in the case of the more serious acci-
dents.(28) This remains true after later revisions of the
nuclear liability treaties.(29)8 The channeling of liabil-
ity (point 2 above) can be sound, but only if the lia-
bility would be unlimited and the party to which the
liability is channeled would have provided (financial)
guarantees for recovery of injured parties in a worst-

6 A few national legislations provide for unlimited liability. In the
discussion regarding limited versus unlimited liability, some au-
thors argue that the more important issue is the amount of lia-
bility covered by insurance or other financial security. They note
that unlimited legal liability without financial guarantees has no
significance.

7 The United States is no party in the international treaties re-
ferred to above. Liability for oil pollution during transport at
sea is regulated in the United States in the federal Oil Pollu-
tion Act. It has similarities to the treaties described above(26) but
some relevant liability limits are higher.(28) The same holds for
the U.S. regime for nuclear liability as compared to the inter-
national treaties on nuclear liability (see Refs. 4, p. 249 ff. on
Price-Anderson Act; 28). Radetzki and Radetzki noted(28) that
case experience has shown that actual compensation paid after
oil pollution accidents can be much higher in the United States
than in Europe.

8 Ashford and Caldart(59) mention efforts of various industry
groups in the United States to have legislated limits on liability
and monetary damages installed. Similar efforts can also be ob-
served in Europe, e.g., in the context of the EU Products Liability
Directive or the EU Environmental Liability Directive. Such lim-
its to liability and damages are not in agreement with our criteria
as they have been introduced using majority rule.

case accident scenario. This is actually not the case.
For irreversible harm, such as deaths or irreversible
environmental damage, our evaluation criteria re-
quire that all who may be harmed should consent to
the means of compensation if harm occurs. Alterna-
tively, the informed consent of those at risk might be
obtained for being exposed to the risk, which may re-
quire to compensate them for being at risk.(30,31)

5.1.2. Governments as “Insurers of Last Resort”

In the scientific literature, legal limits to the li-
ability for technological risks have been related to
the circumstance that private insurance for larger
amounts cannot be obtained. Radetzki and Radet-
zki,(28) quoting other authors, concluded that “the
governments of the OECD countries have implicitly
assumed the role of insurer of last resort for the top
nuclear risk, thereby affording the industry with a
subsidy” and that other industries are subsidized in
similar ways.9 They suggested that such public as-
sumption of the top catastrophe risks of an indus-
trial activity could be justified as a government pol-
icy for correcting a failing private insurance market.
In evidence for the nuclear case, they quoted cal-
culations based on probabilistic safety assessments
(PSAs) that purportedly show that the expected costs
of accidents, including the large ones, are only a small
fraction of the production costs of nuclear energy.
Hence, the public assumption of the top risk of nu-
clear energy can be based upon “a political value
judgment that these activities provide a social bene-
fit that is greater than the social cost of the risks that
they cause,” but that would otherwise not be under-
taken due to a failing insurance industry.

5.1.3. Evaluation

The following comments can be made based on
our evaluation criteria. (1) The political value judg-
ment referred to should be based on the consent of
all involved (or of those who truly represent them),
rather than on a majority decision. (2) Given the
possibilities for biased assumptions in the required
PSAs, the reliability or trustworthiness of a PSA that
is not backed by a commercial insurance may always
be questioned. (3) Governments, by assuming the

9 The existence of caps on liability that are lower than the max-
imum possible harm is a common trait of international conven-
tions that deal with legal liability.(26)
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role of insurer of last resort, contribute to the persist-
ing existence of the presumed market failure rather
than to its disappearance.

5.2. Transboundary Movements of Genetically
Modified Organisms

There is as yet no international liability legisla-
tion covering the environmental risks of using geneti-
cally modified organisms (GMOs) in agriculture. The
Cartagena Protocol on Biosafety (CPB) adopted in
2000, and entered into force in 2003, addresses trans-
boundary movements of GMOs. It is the first bind-
ing international legal instrument addressing some
of the environmental and health impacts of modern
biotechnology.(32) However, as a consensus on a li-
ability regime under the CPB could not be reached,
the CPB merely contains a clause stating that rules
and procedures regarding liability and redress for
damage resulting from transboundary movements of
GMOs should be elaborated within four years after
the Protocol’s entry into force (see Refs. 25, pp. 362–
363; 26, p. 45 no. 8; 33, p. 10). An ad hoc workgroup
on liability was formed for that purpose, but in 2010
the goal of establishing a detailed liability regime un-
der the Protocol has not been reached and could still
be far removed.10

5.2.1. Discussion

It has been claimed(34) that liability for trans-
boundary GMO trade should be unconditional and
unlimited, and that liability insurance should be
mandatory for GMO traders. This claim finds sup-
port in our evaluation criteria, given that there is no
agreement about the deployment of GMOs in view of
the environmental and other risks they may create.
Even if the governments that are party to the CPB
would decide, unanimously, on a liability and redress
regime that is in some respect conditional and/or lim-
ited, then the resulting legal regime could not be jus-
tified by our evaluation criteria, as decision making
at the national level is based on majority rule rather
than unanimity rule.

10 For background and up to date information regarding the work
on “liability and redress” under the Carthagena protocol, see
http://bch.cbd.int/protocol/cpb˙art27.shtml (accessed July 2010).

5.3. Chemicals in the Environment

The European legislation on Registration, Eval-
uation and Authorisation for Chemicals (REACH)
was first proposed in a European Community White
Paper published in 2001.(35) The White Paper stip-
ulated that the evaluation of chemicals (= testing
and risk assessment) should be carried out and paid
for by the industry. In the discussion that followed
the White Paper and a subsequent proposal for
legislation in 2003, different stakeholders defended
widely diverging viewpoints regarding how strictly
the REACH system should be implemented. While
representatives of the chemical industry argued for
relaxation of the originally proposed REACH pro-
cedure because they thought it too costly, environ-
mental and consumer organizations urged for strict
implementation because the social benefits of more
extended testing, i.e., reduction of future harm,
would in their view exceed its costs.11

5.3.1. Discussion

Our evaluation criteria suggest that discussions
like here, on precautionary (ex ante) regulation,
should be coupled to the liability (ex post) aspects.
Very often, and unfortunately so from the present ar-
ticle’s perspective, the latter aspect is omitted from
discussions on precautionary regulation. Examples
are Refs. 35–48.

For the case highlighted here, the following can
be said. If producers think that ex ante risk evalua-
tion should not be legally required for certain (classes
of) chemicals because the costs of performing the
risk evaluation would exceed the social costs of the
risks posed by these chemicals, then they should pre-
fer to accept unconditional and unlimited liability
for these risks, this being the more cost-effective op-
tion for them. Conversely, if producers would accept
this liability, then the relaxation of ex ante testing re-
quirements might be more acceptable for other par-
ties involved. The actual legal liability is, however,
both conditional and limited. Thus, the European Di-
rective on environmental liability (2004/35/CE) al-
lows EC member states to exempt actors from liabil-
ity for damage caused by an activity or an emission
that was expressly authorized (Art. 8.4(a)), or that
“was not considered likely to cause environmental

11 For this discussion see, e.g., the Euractive article “Chemicals
Policy Review (REACH),” available at http://www.euractiv.
com/Article?tcmuri=tcm:29-117452-16&type=LinksDossier#
lxcielxh Issues (accessed October 2008).
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damage according to the state of scientific and tech-
nical knowledge at the time when the emission was
released or the activity took place” (the so-called risk
of development) (Art. 8.4(b)) (see Refs. 49, p. 86; 50,
p. 53; 51, p. 552).12 Clearly, this provides ample pos-
sibilities for member states to exempt actors from li-
ability. Karlsson(50) holds that “as soon as a producer
has fulfilled his obligations under REACH, e.g., once
a substance has been authorised, the so-called duty
of care is considered fulfilled and liability claims
can never be raised, regardless of the magnitude of
any negative consequences in case of unexpected
harm.”

5.3.2. The Precautionary Principle in Environmental
Law and Liability

The above discussion can be extended to a more
general consideration regarding the precautionary
principle. One reading of this principle holds that
“the proponent of an activity posing uncertain risk
bears the burden of proving that the activity poses
‘no’ or an ‘acceptable’ risk before the activity can
go forward.”(35) This reading finds support in our
evaluation criteria, if it is added that what consti-
tutes sufficient evidence of “no” or an “acceptable”
risk should be judged by those who are subjected
to that risk. Activities for which conclusive evidence
of no, or an acceptable, risk cannot be provided
would more easily receive the approval of those sub-
jected to the risk if the proponents would guaran-
tee recovery in the case that harm would material-
ize. There are many difficulties that may stand in the
way of obtaining agreement on acceptable guaran-
tees of recovery, having to do with problems of causa-
tion, of proof, of compensation for irreparable harm,
and more. These difficulties, to be discussed in Sec-
tion 6.2, should not obscure that the unanimity re-
quirement (among those involved or among those
who truly represent them) is necessary if progress
in the sense of (expected) Pareto improvement is to
be secured. Neither do these difficulties annihilate
the insight that the requirements of peaceful coexis-
tence and progress mandate that actors who proceed
with an activity without the consent of those who
may experience the consequences should face un-

12 The European Directive on product liability (85/374/EEC) like-
wise exempts producers from liability if the state of scientific and
technical knowledge at the time when the product was put into
circulation was not such as to enable the existence of the defect
to be discovered (Art. 7(e)).

conditional and unlimited liability for any resulting
harm.

5.4. Climate Change Through Fossil
Fuel Combustion

Principle 13 of the 1992 Rio Declaration on En-
vironment and Development says that states shall
develop national law regarding liability and compen-
sation for the victims of pollution and other environ-
mental damage, and that states shall also “cooperate
in an expeditious and more determined manner to
develop further international law regarding liability
and compensation for adverse effects of environmen-
tal damage caused by activities within their jurisdic-
tion or control to areas beyond their jurisdiction.”13

In spite of this, there is a virtually complete lack of an
international regime of liability for the adversarial ef-
fects of possible climatic change due to CO2 produc-
tion.14 Nevertheless there are no fundamental legal
obstacles that prevent the introduction of an effec-
tive regime.(52)

5.4.1. Discussion

The complete lack of legal liability for climate
change clearly is not in agreement with our evalua-
tion criteria. This lack of liability implies that the re-
covery of people who will be harmed is not guaran-
teed, and that the costs of recovery from damage are
excluded from the price of fossil energy. If such costs
were to be included, even if only partially, into mar-
ket prices by introducing market share liability for
climate effects and by requiring coverage of liability
by financial security, then this would surely affect the
level of energy consumption and/or the choice for re-
newable energy sources.

13 http://www.unep.org/Documents.multilingual/Default.asp?
DocumentID=78&ArticleID=1163. The statement quoted in
the text is a reiteration of principle 22 of the Stockholm Dec-
laration on the Human Environment, which precedes the Rio
Declaration by 20 years. See http://www.unep.org/Documents.
multilingual/Default.asp?DocumentID=97&ArticleID=1503.

14 The trading system of CO2 emission rights that has been in-
stalled in recent years cannot make good the lack of liability leg-
islation, as the amount of tradable emission rights was not the
result of a consensus decision among all who may experience the
effects of CO2 emissions.
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6. POSSIBILITY AND LIMITATIONS
OF LIABILITY AND PRIVATE INSURANCE
FOR SECURING CREDIBLE AND
ETHICALLY SOUND RISK ASSESSMENT
AND RISK MANAGEMENT

The requirements that are assumed in this arti-
cle are applied to assess the fundamental possibili-
ties (Section 6.1) and the fundamental problems and
limitations (Section 6.2) of liability, combined with
private insurance, to secure credible and ethically ac-
ceptable risk assessment and risk management prac-
tices. The discussion of the problems and limitations
will lead in Section 6.3 to a consideration of the role
of precautionary ex ante regulation.

6.1. Possibilities

In any assessment of the risks of an existing or
proposed technological activity, it is unavoidable that
assumptions are made that do not follow from direct
observation, established science, and/or logic. Such
assumptions are subjective in the sense that no one
can be forced on the basis of empirical facts and logic
alone to accept them. Such assumptions can be de-
nied without denying any empirical or scientific facts
or (deductive) logic.15 Any risk assessment leading
to a definite risk estimate must necessarily contain
subjective assumptions in this sense. Outsiders are
usually unable to evaluate the credibility of these as-
sumptions and hence of the outcomes of an assess-
ment. In view of this, it may be expected that some-
one who is exposed to the risk attaches credibility
or trust to a risk assessment only if an individual
or a group of individuals (i.e., a market party) has
agreed to insure the risk for a premium that is re-
lated to the expected costs of the risk.16 It would ac-
tually be in agreement with our evaluation criteria
to allow only those hazardous activities of which the

15 This definition of a subjective statement is due to Van Velsen
(see Ref. 2, pp. 49–50).

16 A particular example that may illustrate the statements in the
text can be found in Ref. 53. Based on the U.S. Nuclear Reg-
ulatory Commission’s Reactor Safety Study published October
1975, and assuming a cost of $500.000 per casualty, the expecta-
tion value of a catastrophic risk would be as low as $64 per reactor
year (total possible damage $64 billion, with a probability of oc-
curring once in a billion years). Yet in testimony supporting the
original passage of the Price-Anderson Act, the nuclear industry
insisted that nuclear power would not be possible if the industry
should bear the cost of liability above a limit of $560 million. How
can this claim be reconciled with the quoted outcome of the risk
analysis?

risks are completely covered by private insurance or
other financial warranty, for instance, along the lines
proposed by Meyer(53) for commercial nuclear power
plants and LNG terminals. Actual applications of this
idea in (American) environmental law exist, such as
the bonding systems and liability systems described
in Ref. 4, pp. 80–82. Under the condition described
above, private insurers, while acting according to the
established principles of risk management and insur-
ance,(54) can be effective and trustworthy risk asses-
sors and safety inspectors, as it is in their best in-
terest (1) to determine insurance premiums that are
both profitable and competitive, and (2) to set and
supervise conditions and constraints aimed at opti-
mizing the activity’s safety. This consideration finds
empirical support in Freeman and Kunreuther’s(55)

analysis of examples of private insurance of (liability
for) environmental risks.17 From their study it can be
concluded that many environmental risks are read-
ily insurable by the private insurance industry, pro-
vided that (1) there is sufficient legal/regulatory clar-
ity about who is liable for what, and (2) governments
do not interfere in the insurance market, e.g., by in-
stalling guarantee funds fed with tax money in order
to cover up (part of) the harm resulting from the en-
vironmental risk for which a private actor was sup-
posed to be liable. (See also Ref. 56.)

In this section the focus is on the organiza-
tions that run high risk technological activities, such
as nuclear or chemical plants, railway companies,
etc. Examples of safety management issues in such
organizations are provided in Refs. 57–58. If such
organizations are held liable for the costs of acci-
dents caused by their activities, then safety deci-
sions obtain a financial translation. Such decisions
are therewith brought on a par with all other man-
agement decisions, which, in private organizations
at least, are ultimately governed by financial goals
and considerations. This can provide for an effec-
tive intra-organizational mechanism for safety man-
agement and safety decision making. The mechanism
can comply with our evaluation criteria, within limits
that will be discussed in Section 6.2.

As the examples of Section 5 show, at present
many hazardous technological activities proceed of
which the risks have not, or at best only partially,

17 The examples involved insurance for operator liability for
health risks from asbestos during clean-up activities; property
owner liability for environmentally contaminated property; lia-
bility for risks of groundwater contamination from underground
petroleum storage tanks; and liability issues in lead-based paint
abatement activities.
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been insured or otherwise guaranteed by or on be-
half of the actors. Hence, enormous improvements
are possible here, in spite of the problems and limita-
tions that we will turn to now.

6.2. Problems and Limitations

The list of problems and limitations inherent in
liability that follows below is not claimed to be ex-
haustive. Deeper and richer discussions of these and
related problems can be found in Refs. 59–62. Our
requirements leave open the following responses to
such problems. Either the liability laws are “fixed” in
ways that render the activities performed under those
laws acceptable to all who are subjected to the risks.
Below, we will make some suggestions. Or, if that is
impossible or impractical, ex ante requirements and
conditions can be imposed on the activities, either
or not in combination with provisions for liability, to
make them less dangerous and/or more acceptable
to those subjected to the risks. If none of these re-
sponses succeeds, the activity should be banned alto-
gether.

1. Establishing a causal link. In order to hold
an actor liable for harm resulting from an ac-
tivity, a causal link must be established be-
tween the activity and the harm. If the causes
remain unknown, or cannot be linked to an
actor, then the harm will remain uncompen-
sated. Even if statistical evidence is available
that a certain percentage of occurrences of a
disease are caused by exposure to a chemi-
cal pollutant, problems remain, at least in the
actual legal systems. As an example, current
tort law in the United States requires proof
that a pollutant is more likely than not the
cause of someone’s disease, in order to hold
the polluter liable for compensation (see Refs.
59, pp. 230–232; 60, p. 382). A consequence
of this rule is that statistically proven harms
from a certain pollutant remain uncompen-
sated when the probability that an individ-
ual’s harm was caused by the pollutant does
not exceed 50%. A remedy for this particular
case would be to award partial damages cal-
culated in proportion to the attributable risk
(see Refs. 60, p. 378; 59, p. 232). As the latter
remark, this would be challenging but not im-
possible to implement. To further increase the
likelihood of compensation, the rules of evi-
dence may be modified in other ways, the bur-

den of proof may be (partially) shifted from
those who are subjected to a risk to those who
caused it, market share liability may be im-
posed, etc.

2. Discounting future damages to present value.
It has been stated by Ashford and Caldart
that “even if the defendant believes that some
plaintiffs will eventually sue and recover mon-
etary damages, the costs of future lawsuits,
when discounted to present value, may not be
sufficient to provide a financial incentive to
the defendant to invest now in the pollution
reduction that would be necessary to avoid
the lawsuits.”(59) A similar argument can be
mounted regarding the safety management of
risk-generating activities such as nuclear and
chemical installations, transport of hazardous
substances, oil exploration and exploitation
activities, etc. For an analysis of this problem
it is useful to distinguish between damage that
is reparable, and damage that is not repara-
ble, hence can at best be compensated. The
first case is the least complicated.18 Assume,
in agreement with our requirements, that haz-
ardous activities are only allowed if the worst-
case harm is fully covered by a financial war-
ranty held available by the actors themselves,
by private insurance, or by yet other warran-
tors other than governments. If this warranty
is invested in useful activities or assets (unre-
lated to the risk), its value will develop on a
par with market rates of return. The assump-
tion might then be accepted that the warranty
will suffice to repair that same physical dam-
age at any later time and it could no longer be
claimed that harms falling in the future pro-
vide insufficient financial incentive to actors
to reduce the risks generated by their activi-
ties.

Irreparable harm such as irreversible harm
to the environment and to human health and
life can at best be compensated. For full in-
ternalization of such external costs, poten-
tial victims must beforehand agree to how
such harms, if they occur, will be compen-
sated. Otherwise, it could never be claimed
in a nonarbitrary way that the compensation,
whatever the amount, is “full” or “fair.” At

18 This case becomes more complicated if the determination of the
worst-case scenario contains subjective assumptions, as will often
be the case.
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present, there is no ground for a claim that
this condition is satisfied. If there were such
ground, then the approach described above
for reparable harm might in principle be fol-
lowed here as well, although, because of the
many uncertainties, it might be wise to pe-
riodically reassess whether the agreed-upon
amount of financial warranty is still sufficient
for adequate compensation in the worst pos-
sible case.

3. Moral hazard in insurance. When the risks of
a company’s activities are covered by an in-
surance policy, the insured company may be
tempted to behave in a more risky manner,
resulting in more negative consequences (that
the insurer must pay for) as would have oc-
curred without insurance policy. This is called
moral hazard. Considered from the perspec-
tive of our requirements, moral hazard would
not cause a problem if all potential harm
would be reparable or fully compensable and
if the worst possible accident would be finan-
cially covered. But as not all harm is repara-
ble or fully compensable, moral hazard, like
“discounting the future,” limits the use of li-
ability and insurance for bringing about ethi-
cally acceptable risk management. Strategies
to reduce moral hazard do exist, such as coin-
surance, co-payments, and deductibles, but it
is questionable whether this can completely
eliminate moral hazard.

4. Moral hazard in corporations.(62) If corpo-
rate managers are insufficiently exposed to
the negative effects of their business deci-
sions, they may take decisions that generate
more risks than is desirable from the perspec-
tive of the company and/or of society at large.
There is reason to believe that such moral haz-
ard in organizations actually occurs in modern
business organizations. It could be reduced by
imposing upon managers and perhaps other
employees, as well as on shareholders, more
(financial) responsibility than is the case un-
der the current legal regime that tolerates
private legal persons with limited liability.
Important improvements in business and cor-
porate law seem possible here.19 To see more
clearly both the problems and the possible so-

19 Recently, the Cambridge Journal of Economics published a spe-
cial issue on the topic of corporate accountability and legal lia-
bility (Vol. 24.5, 2010) for which its (guest) editors claim that it

lutions, a comparison with older legal forms
might be inspiring.(20)

5. Investment necessary to mount a case.(59) Law-
suits cost money. As a consequence not all
cases will be brought to court, either because
the harm is not severe enough or because the
plaintiff or his lawyer does not want to run the
financial risk of a negative court decision.

6.3. The Role of Precautionary Ex Ante Regulation

One line of action in response to the problems
attached to liability offered by our requirements is
to make adjustments or additions to the current li-
ability laws so as to make the activities performed
under those laws acceptable to all who are subjected
to the risks. Depending in part on the nature of the
risk, this may prove to be very difficult, as the above
exposition and discussion may show. The other line
of action is to adopt precautionary ex ante regula-
tion aimed at restricting or constraining the risk-
generating activities directly. But which ex ante reg-
ulation, and how should it be enforced? How will
compliance be guaranteed? How will compliance be
inspected and controlled, and what will be sanctions
on violation? Our first requirement calls for consen-
sus on these issues among all who are subjected to
the risks generated by the regulated activity. With-
out such agreement, the activity violates the require-
ment of informed consent, which means in virtue of
the second requirement that the legal liability for
those activities should be unconditional and unlim-
ited. One important practical implication is this. It
is a frequent phenomenon that actors are legally ex-
empted from liability as long as the activities are
within regulations or if the activities are authorized
by a government. An example mentioned in Sec-
tion 5.3 is the EU directive on environmental lia-
bility. Taking into account that such exemptions are
based on majority decision making, they violate our
requirements. For the same reason, the exemption of
liability for the “risk of development” in the EU di-
rectives on environmental liability and on products
liability (Section 5.3) are violations of our require-
ments.

7. CONCLUDING REMARKS

Using examples from international environmen-
tal law, we have tried to show that current legal

restores corporate limited liability “to its rightful place as one of
the most controversial parts of the global political economy.”
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liability for risk-generating technological activities
deviates in several ways from the standard of unlim-
ited and unconditional liability that is mandated by
our requirement of informed consent and of liabil-
ity in the absence of informed consent, given that
the collective decision making within states about
these activities relies on majority rule. Liability is
not, and cannot, be developed into a full substitute
for precautionary ex ante regulation. In view of our
requirement of informed consent, and in order to
safeguard progress in the sense of (expected) Pareto
improvement, the decision making on such precau-
tionary ex ante regulation should be based on the
consent of all who are subjected to the risks of the
regulated activity. As long as the actual decision
making proceeds on the basis of majority rule within
nations, our requirements call for unlimited and un-
conditional liability as the basis for liability in the le-
gal systems.

We hope to have revealed opportunities and di-
rections for improvements of legal liability for risk-
generating technological activities and of risk man-
agement practices based on liability. Although such
improvements cannot fully compensate for the neg-
ative effects of political majority decision making,
they can at least quench some of these effects by pro-
moting precautionary behavior and by enhancing the
prospects of reparation of or compensation for harm.
In addition, such improvements will promote polit-
ical decision making practices based on the consent
of a larger fraction of those who are subjected to the
consequences of the decisions made than is presently
the case.
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14. Zweigert K, Kötz H. An Introduction to Comparative Law,
2nd revised edition. Oxford: Clarendon Press, 1987.

15. Horwitz MJ. The Transformation of American Law 1780–
1860. Cambridge, MA: Harvard University Press, 1977.

16. Horwitz MJ. The Transformation of American Law, 1870–
1960. The Crisis of Legal Orthodoxy. New York and Oxford:
Oxford University Press, 1992.

17. Brenner JF. Nuisance law and the industrial revolution. Jour-
nal of Legal Studies, 1974; 3(2):403–433.

18. Martin-Casals M (ed). The Development of Liability in Re-
lation to Technological Change. Cambridge: Cambridge Uni-
versity Press, 2010.

19. Arcuri A. Governing the risks of ultra-hazardous activities.
Challenges for legal systems. Thesis, Erasmus Universiteit
Rotterdam, 2005.

20. Orhnial T (ed). Limited Liability and the Corporation. Lon-
don/Canberra: Croon Helm Ltd., 1982.

21. Stone CD. Where the Law Ends: The Social Control of Cor-
porate Behavior. New York: Harper and Row, 1975.

22. Lammers JG. International responsibility and liability for
damage caused by environmental interferences. Environmen-
tal Policy and Law, 2001; 31(1):42–50 and 31(2):94–105.

23. Lammers JG. International responsibility and liability for
damage caused by environmental interferences new devel-
opments. Environmental Policy and Law, 2007; 37(2/3):103–
116.

24. Kiss A, Shelton DL. Strict liability in international environ-
mental law. Pp. 1131–1151 in: Ndiaye TM, Wolfrum R, Ko-
jima C (eds). Law of the Sea, Environmental Law and Settle-
ment of Disputes: Liber Amicorum Judge Thomas A. Mensah.
Leiden: Hotei Publishing; 2007. Available at: http://ssrn.com/
abstract=1010478, Accessed on October 22, 2010.

25. Brunnée J. Of sense and sensibility: Reflections on interna-
tional liability regimes as tool for environmental protection.
International and Comparative Law Quarterly, 2004; 53:351–
368.

26. UNEP (United Nations Environmental Programme). Li-
ability & compensation regimes related to environmen-
tal damage: Review by UNEP Secretariat, 2002. Available
at: http://www.unep.org/DEPI/programmes/Liability-compen-
papers.pdf, Accessed on July 2010.

27. UNEP (United Nations Environmental Programme). Re-
cent Developments in International Law Relating to Li-
ability and Redress, Including the Status of Interna-
tional Environment-Related Third Party Liability Instru-
ments. UNEP/CBD/BS/GF-L&R/3/INF/1, 2010. Available
at: http://www.cbd.int/doc/meetings/bs/bsgflr-03/information/
bsgflr-03-inf-01-en.pdf, Accessed on July 2010.



Evaluation of Legal Liability for Technological Risks 983

28. Radetzki M, Radetzki M. Liability of nuclear and other indus-
trial corporations for large scale accident damage. Journal of
Energy & Natural Resources Law, 1997; 15(4):366–386.

29. Pelzer N. Modernizing the international regime governing nu-
clear third party liability. Oil, Gas and Energy Law Intelli-
gence, 2003; (1)5: in Book Reviews and Related Material.

30. Shrader-Frechette KS. Risk and Rationality. Philosophical
Foundations for Populist Reforms. Berkeley: University of
California Press, 1991.

31. Zandvoort H. Risk zoning and risk decision making. Inter-
national Journal of Risk Assessment and Management, 2008;
8(1–2):3–18.

32. Cullet P. The Biosafety Protocol: An Introduction. Interna-
tional Environmental Law Research Centre, 2002 Available
at: http://www.ielrc.org/content/f0202.htm, Accessed October
22, 2010.

33. CIELAP (Canadian Institute for Environmental Law and Pol-
icy). GMO Statutory Liability Regimes: An International Re-
view. ON: Canadian Institute for Environmental Law and Pol-
icy, 2004 Available at: http://www.munlochygmvigil.org.uk/
%20canada˙gm˙liability.pdf, Accessed on January 20, 2009.

34. IATP (Institute for Agriculture and Trade Policy). Towards
a liability and compensation regime under the biosafety
protocol (authors: Dawkins K, DuBois J), 2004. Available at:
http://www.tradeobservatory.org/library.cfm?RefID=26076,
Accessed on October 22, 2010.

35. Rogers MD. The European Commission’s White Paper
“Strategy for a Future Chemicals Policy”: A review. Risk
Analysis, 2003; 23(2):381–388.

36. Applegate JS. The precautionary preference: An American
perspective on the precautionary principle. Human and Eco-
logical Risk Assessment, 2000, 6(3):413–443.

37. Crawford-Brown D, Pauwelyn J, Smith K. Environmental
risk, precaution, and scientific rationality in the context of
WTO/NAFTA trade rules. Risk Analysis, 2004; 24(2):461–
469.

38. Durodie B. The true cost of precautionary chemicals regula-
tion. Risk Analysis, 2003; 23(2):389–397.

39. Foster KR. The precautionary principle—Common sense or
environmental extremism? IEEE Technology and Society
Magazine, 2002; 21(4):8–13.

40. Graham JD, Hsia S. Europe’s precautionary principle:
Promise and pitfalls. Journal of Risk Research, 2002; 5(4):371–
390.

41. Hammitt JK, Wiener JB, Swedlow B, Kall D, Zhou Z. Precau-
tionary regulation in Europe and the United States: A quanti-
tative comparison. Risk Analysis, 2005; 25(5):1215–1227.

42. Jostmann T. Precautionary principle for toxic chemicals—No
alternative to safeguard societal benefits. Human & Experi-
mental Toxicology, 2007; 26(11):847–849.

43. Keeney RL, Winterfeldt D von. Appraising the precaution-
ary principle—A decision analysis perspective. Journal of Risk
Research, 2001; 4(2):191–202.

44. Kogan LA. The precautionary principle and WTO law: Diver-
gent views toward the role of science in assessing and manag-
ing risk. Seton Hall Journal of Diplomacy and International
Relations, 2004; V(1):77–123.

45. Marchant GE. The precautionary principle: An “unprinci-
pled” approach to biotechnology regulation. Journal of Risk
Research, 2001; 4(2):143–157.

46. Mayer S, Stirling A. Finding a precautionary approach to
technological developments—Lessons for the evaluation of
GM crops. Journal of Agricultural and Environmental Ethics,
2002; 15(1):57–71.

47. Post DL. The precautionary principle and risk assessment
in international food safety: How the World Trade Organi-
zation influences standards. Risk Analysis, 2006; 26(5):1259–
1273.

48. Resnik DB. Is the precautionary principle unscientific? Stud-
ies in History and Philosophy of Science Part C: Biological and
Biomedical Sciences, 2003; 34(2):329–344.

49. EUI—Working Group on Environmental Law. The Future
of Environmental Law: International and European Perspec-
tives [Collected Reports 2004–2005]. European University
Institute Working Papers LAW no. 2006/01. Chapter XII (au-
thor: Emanuela Orlando): The environmental liability direc-
tive. Available at: http://cadmus.eui.eu/handle/1814/4083, ac-
cessed on October 22, 2010.

50. Karlsson M. Science and norms in policies for sustainable de-
velopment: Assessing and managing risks of chemical sub-
stances and genetically modified organisms in the Euro-
pean Union. Regulatory Toxicology and Pharmacology, 2006;
44:49–56.

51. Pellizzoni L. Responsibility and environmental governance.
Environmental Politics, 2004; 13(3):541–565.

52. Cullet P. Liability and redress for human-induced global
warming—Towards an international regime. Stanford Journal
of International Law, 2007; 43A: 99–121.

53. Meyer MB. Catastrophic loss risks: An economic and legal
analysis, and a model state statute. Pp. 337–360 in: Waller
RA, Covello VT (eds). Low-probability High-consequence
Risk Analysis. Issues, Methods, and Case Studies. New York:
Plenum Press; 1984.

54. Williams CA Jr, Smith ML, Young PC. Risk Management and
Insurance. McGraw Hill, 1995.

55. Freeman PK, Kunreuther H. Managing Environmental Risk
Through Insurance. Boston and Dordrecht: Kluwer Academic
Publishers, 1997.

56. Anderson D. Development of environmental liability risk
management and insurance in the United States: Lessons and
opportunities. Risk Management and Insurance Review, 1998;
2:1–23.

57. Dien Y, Llorry M, Montmayeul R. Organizational accidents
investigation methodology and lessons learned. Journal of
Hazardous Materials, 2004; 111(1–3):147–153.

58. Phimister JR, Oktem U, Kleindorfer PR, Kunreuther H. Near-
miss incident management in the chemical process industry.
Risk Analysis, 2003; 23(3):445–458.

59. Ashford NA, Caldart CC. Environmental Law, Policy, and
Economics: Reclaiming the Environmental Agenda. Cam-
bridge, MA: MIT Press, 2008.

60. Abraham KS. The relation between civil liability and envi-
ronmental regulation: An analytical overview. Washburn Law
Journal, 2002; 41:379–398.

61. Dewees DN. The comparative efficacy of tort law and regu-
lation for environmental protection. Geneva Papers on Risk
and Insurance—Issues and Practice, 1992; 17:446–467.

62. Schroeder CH. Lost in the transition. What environmental
regulation does that tort cannot duplicate. Washburn Law
Journal, 2002; 41:583–606.

L Kogan
Highlight


