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Abstract

The purpose of this paper is to explore within a political economy framework the applica-

tion of the Precautionary Principle to food and agricultural policy. The paper reviews the Pre-

cautionary Principle in general, but also raises issues associated with unintended consequences

arising from it. In addition, the paper provides a general model of political economy that

includes both precaution and consequences, discusses issues related to precaution and irrevers-

ibility, and illustrates how unintended consequences can affect welfare.
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Introduction

The Precautionary Principle is increasingly becoming a major tenet of food policy

and a rallying cry by certain environmentalist groups who invariably challenge any
changes to the status quo including technological innovations such as genetic mod-

ification and food irradiation. Despite significant economic consequences arising

from the Precautionary Principle there has been little analysis done by economists
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(Majone, 2002). The purpose of this paper is to present the Precautionary Principle

in economic terms. The paper reviews the Precautionary Principle and provides

examples of where its consequences have been significant. The paper gives full con-

sideration to the law of unintended consequences and shows the effects of the law on

economic outcomes. The paper develops a model of political economy, irreversibil-
ity, and then extends the ideas to consider cost–benefit analysis.
The Precautionary Principle

The Precautionary Principle first emerged in Europe in Swedish and German envi-

ronmental policies in the 1960s and 1970s. In the following years, the principle has

been enshrined in many international treaties and declarations (e.g., the 1990 Bergen
Declaration on Sustainable Development through the 2000 Cartagena Protocol on

Biosafety). The Treaty on European Union (1992), where the words �Precautionary
Principle� appeared in the title of the section on environment, provided the basis for

common European environmental law as well as environmental health policies. The

Treaty, however, did not define the principle in the environment section or anywhere

else in the document. The Precautionary Principle was also stated in the 1992 Rio

Declaration following the Rio Conference on the Environment and Development

(United Nations, 1992). Principle 15 of the Declaration states that: ‘‘In order to pro-
tect the environment, the precautionary approach shall be widely applied by states

according to their capability. Where there are threats of serious or irreversible dam-

age, lack of full scientific certainty shall not be used as a reason for postponing cost-

effective measures to prevent environmental degradation.’’ What this definition of

the principle states in two double negatives is that cost-effective prevention of envi-

ronmental degradation shall not be postponed just because it has not been proven a

priori that such preventative measures will work. Löfstedt et al. (2002) report that

there exist at least 19 various definitions of the Precautionary Principle used in
domestic and international regulatory documents.

Recently, the principle has also morphed into mainstream food policy through the

actions of the European Commission (EC), who in aWhite Paper on Food Policy (1st

January 2000) declared that the ‘‘use of scientific advice will underpin food safety pol-

icy, whilst the Precautionary Principle will be used where appropriate’’ (Commission

of the European Communities (1999, 2000)). The foundation of food safety policy

was to be based on the three components of risk analysis: risk assessment based on

scientific advice and information analyses, risk management based on regulation
and control, and risk communication. The White Paper announced that food safety

was subject to the Precautionary Principle, however, it was not until a separate Com-

munication issued on February 2nd, where the EC noted that, the Rio Declaration

notwithstanding, the Precautionary Principle is not embedded in the Treaty on Euro-

pean Union and relied on legal text, case law and policy orientation. In regards to case

law, the Commission noted that the scope of the Precautionary Principle depends on

case law, which to some degree is influenced by prevailing social and political values.

In regards to policy orientation, the EC made the case on the transitive principle that
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since the Precautionary Principle is considered in environmental protection, and since

environmental protection is tied to the WTO, then the WTO must give due, but non-

explicit consideration to the Precautionary Principle.1

Furthermore, the EC declared that it had the right to establish a level of protec-

tion it deems appropriate based on the Precautionary Principle but cannot be used as
a form of trade protection. Actions based on the Precautionary Principle must be

proportional, non-discriminatory, consistent with similar measures, based on an

examination of the potential benefits and costs of action or lack of action, subject

to review and revision based on new scientific data, and capable of assigning respon-

sibility for producing the scientific evidence necessary for a more comprehensive risk

assessment.

But it is also evident that the application of the Precautionary Principle is subject

to political interpretation and influence. The EC Communication also states that the
judgment of what is an ‘‘acceptable level of risk. . .is an eminently political responsi-

bility’’. The Communication relies heavily on the Agreement on the Application of

Sanitary and Phytosanitary Measures (SPS Article 5(7)) to justify its being, but in a

much broader context. Risk assessment can be based on non-quantifiable data of a

factual or qualitative nature. And in consideration of examining costs and benefits

the scope of the Precautionary Principle is very broad and should include non-eco-

nomic considerations such as the efficacy of possible options and their acceptability

to the public. Such principles are to be applied not only to the current generation but
future generations as well.

The major controversy around the Precautionary Principle, and its greatest prob-

lem as a policy tool, centers on its extreme variability in interpretation. The Precau-

tionary Principle is intended to assess the potential of risk, even if the risk cannot be

fully demonstrated or quantified or its effects determined because of the insufficiency

or inconclusive nature of the scientific data. Risk assessment is based on four com-

ponents: hazard identification, hazard characterization, appraisal of exposure, and

risk characterization. In regards to these characteristics, scientific uncertainty may
arise from the variable chosen, the measurements made, the samples drawn, the

models used, the causal relationships employed, controversy on existing data, or lack

of relevant data. Notwithstanding scientific protocol, the Commission also admits

that it must also respond to varying degrees of public opinion.
The law of unintended consequences

We include in our title the ill-defined law of unintended consequences because we

believe that the law and the policy issues about the Precautionary Principle are inex-

tricably linked. The �law� in definition is as ubiquitous as the definition of the Precau-

tionary Principle, but it is also the key motivator for activism and policy action.

When the EC states that it will apply the principle for the protection of future

generations is it referring to unintended consequences that cannot be rejected with
1 For a nice review on the Precautionary Principle and trade agreements see Sheldon (2004).
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certainty given today�s science? When proponents of the Precautionary Principle lob-

by for policy change on the basis of scientific uncertainty, is their concern about sci-

entific integrity or the unintended consequences that might come about from that

uncertainty? The image portrayed by the term �Frankenfood� is as much about the

law as it is about the principle, and perhaps more so.
But the law is nothing new in economics. In resource and environmental econom-

ics the term �externalities� has been used for many years to describe the impacts of an

action on the welfare of individuals and society. Where it differs is in the use of the

term �unintended�. An externality can be intended or unintended, but in the context

of the principle, intended and unintended must be segregated. Furthermore, the

unintended consequences of a Precautionary Principle can be as much a consequence

of invoking the Precautionary Principle as denying it. That is using the unintended

consequence of scientific uncertainty to justify the Precautionary Principle may unto
itself lead to unintended consequences in other domains.

A possible framework for examining the issue is taken from a statistical perspec-

tive with Type I and Type II errors arising from scientific uncertainty. The scientific

protocol is to state a hypothesis, which is also a statement about an intended conse-

quence. The intended consequence can be tied to rejection of the null or a failure to

reject the null. A scientific test for a nutraceutical for example, will test the null

hypothesis that the nutraceutical has no effect on a particular ailment. Rejection

of the null is evidence of an intended consequence.
A Type I error arises when the null is rejected but the null is actually true, and a

Type II error arises when the null is �accepted�, when it should have been rejected.

Under Type I error the efficacy of the nutraceutical is not realized in practice. The

unintended consequence is that consumers taking the treatment may actually be-

come worse off since they might have shifted reliance to the new treatment at the ex-

pense of a more conventional treatment.

The unintended consequence of a Type II error is not so clear-cut. Here, the sta-

tistical trials showed no efficacy. But had the product gone to market benefits would
have been realized. Since no observations, ex post, exist the unintended consequence

of a Type II error is rarely observed, but within the economic context of opportunity

cost it is no less important. Because only Type I errors are ever observed, much of

the Precautionary Principle and the law of unintended consequences relates to Type

I error.

The political implications of this are mixed. On the one hand, supporters of the

principle argue that the principle is about the burden of proof (Saunders, 2000).

Saunders argues that the principle is not about absolute proof that something is safe,
but for circumstances in which there is no absolute certainty. Innovators must dem-

onstrate, not absolutely, but beyond a reasonable doubt that the product is safe. He

reminds us that under the null, innovators may claim to have proven that something

is safe, when in actuality they have failed to prove that it is unsafe. In other words,

failure to reject the null does not in itself eliminate Type I error or its unintended

consequence. Saunders, further argues, that the general policy, at least within the

WTO, is actually an anti-Precautionary Principle; a new product or innovation once

proposed, must be approved unless it can be shown conclusively to be dangerous.
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The distinction between the Precautionary Principle and the anti-Precautionary Prin-

ciple is that with the former, the burden of proof is with the innovator; whilst with

the latter the burden of proof is with society. The EC Communication in favor of the

Precautionary Principle clearly places the burden of proof on the innovator.

The burden of proof under the Precautionary Principle has come under significant
scrutiny. Starr (2003) argues that there is no such thing as a Precautionary Principle

since there is no analytical basis to support its verification and predictability; it is a

rhetorical statement used to justify indefinite deferment of long-term policy mea-

sures. If a scientific experiment shows no evidence of long-term harm, it is impossible

to predict the possibility of long-term harm; one cannot prove a negative. Likewise,

Hathcock (2000) argues that excessive precaution leads to paralysis of action due to

unjustified fears. From an economic point of view how portentous is the Precaution-

ary Principle? And is it manageable? Few would argue that in regards to food safety
and the protection of human and animal health and the environment there is duty of

care. Furthermore, where scientific knowledge can be brought to bear on an issue of

safety few would argue that it should not be done. Scientific resolve and risk analyses

in multi-dimensions and with multiple pathways goes far in determining causality,

minimizing Type I and Type II errors and maximizing the ratio of intended to unin-

tended consequences.

Nonetheless, environmentalists, policy makers, politicians and other groups have

grasped the Precautionary Principle as a cause celebré to justify particular positions
they deem important without taking full council on the externality of deferment on

others. Hathcock (2000) notes that a slight, but non-zero risk associated with a prod-

uct or process is far safer than the alternative of doing nothing. In other words, the

unintended consequences could be very high when inaction is taken based upon the

Precautionary Principle. The policy question then becomes one of rational assess-

ment, which can, from time to time, conflict with or become constrained with the

Precautionary Principle.
Impacts of the Precautionary Principle on the agricultural and food sector

This section reviews two case studies of where the Precautionary Principle led to

costly unintended consequences. Otsuki et al. (2001) examined the effects on African

trade from the harmonization of aflatoxin standards (announced in 1998) to come in

effect in 2002. The harmonization strategy imposed by the EU was based on sanitary

and phytosanitary standards. Aflatoxins are toxic compounds that may contaminate
food and possibly cause liver cancer. Aflatoxins are prevalent in stored crops such as

corn, groundnuts, cottonseed, milk, Brazil nuts, pecans, pistachio nuts and walnuts.

The symptoms of high aflatoxin intake include hemorrhage, acute liver damage and

possibly death. Chronic aflatoxicosis resulting from low to moderate intakes of afla-

toxins can lead to slower rates of food conversion and slower rates of growth.

While problems with aflatoxins are rare in developed countries, contaminated

corn led to 397 illnesses and 108 deaths in Northwest India. Furthermore, in devel-

oped countries, a number of studies have found an association between aflatoxins
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and cancer, but, at the same time, these studies have not established a direct cause

and effect relationship. In 1997, a report by the Joint FAO/WHO Committee on

Food Additives (JECFA) recommended that ‘‘aflatoxins should be treated as carcin-

ogenic food contaminants, the intakes of which should be reduced to levels as low as

reasonably achievable’’ (FAO/WHO, 1997). One year later, the EC set the standards
for the less toxic B2, G1, and G2 aflatoxins at 4 ppb in cereals, dried fruits, and nuts

intended for direct human consumption, and the standard for the more toxic afla-

toxin B1 at 2 ppb for direct human consumption and 8 ppb for groundnuts used

in further processing. In contrast, the standards set under the Codex standard for

total aflatoxin contamination in both processed and unprocessed food was 15 ppb.

There was some suggestion that the Europeans set the standard according to the

most stringent requirement. For example, the standard for aflatoxin in milk was

based on daily consumption nearly 8 times higher than the world�s per capita con-
sumption of milk. Furthermore, Otsuki et al. showed that the new EC standard

would reduce the deaths from aflatoxins by only 2.3 persons per billion per year.

Although the EC�s trading partners complained that the new aflatoxin standards

under the SPS guidelines amounted to protectionism, it was the lesser-developed

countries that were most vulnerable to the regulatory changes. Otsuki et al. esti-

mated that the total reduction of African exports of nuts, cereals, and dried/pre-

served fruits using the EC rule rather than the more liberal Codex rules amounted

to about $670 million (or 64%).
Although the EC was accused of imposing protectionist standards, the unin-

tended consequence for African trade was significant. Whether or not the Precau-

tionary Principle would actually save 2.3 lives is uncertain in its own right, but the

negative effects of trade on African nations would be quite certain. Otsuki et al. also

note that the reduction in deaths of 2.3/billion applied to a population of 500 million

is miniscule relative to the estimated 33,000 liver cancer deaths in the EU each year.

A recent case where the precautionary actions were used to thwart an uncertain

outcome, while the unintended consequence was quite certain to happen, was the
2002 famine in Southern African countries. In the summer and fall of 2002, there

were increasing concerns about widespread famine affecting millions of Africans

due to drought conditions (The Economist, 2002). The United States, through

USAID, offered corn and soybean products to Malawi, Mozambique, Zambia,

and Zimbabwe through either a donation or through a loan program that would

see the United States advancing funds to purchase US crops. The USAID pro-

gram, to avoid charges of dumping, requires that the purchases be of equivalent

quality as is consumed in the United States. This meant that genetically modified
corn and soybeans would be included. Because of fears about the health and envi-

ronmental risks of GM products, and consequential trade impacts with the EU if

donated GM corn was planted and commingled with African maize, the policy was

to reject GM foods in African countries (Zerbe, 2004).2 Opposition came from pol-
2 An extensive political analysis of the 2002 Southern African food aid crisis can be found in Zerbe

(2004).
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iticians, scientists, and various organizations within the involved countries as well

as European aid groups. The Southern African countries� position on Genetically

Modified Organisms and food aid to Africa is perhaps the best summarized by

Magalasi (2003) who reports on behalf of the meeting participants in Malawi on

11–14 December 2002. The report says: ‘‘We have observed with disbelief how
GMO food aid is being forced on countries facing starvation in Africa. We believe

that the whole subject surrounds the issue of choice made by all people in Africa

related to Food Sovereignty. . . We support the recipients country�s right to refuse

GM food aid as is provided for in the Cartagena Biosafety Protocol, and we call

on all donors not to force Africa to choose between starvation and GM food when

there is plenty non-GM food, representing 93% of the world food. . . The forcing of

GM food on the poor countries does not recognize the community rights, the rights

of the nations, the sustainable availability of local seed variety and long-term impli-
cations of genetic engineering. . . We call on like-minded people who were not pres-

ent at the meeting in Malawi to join forces in campaigning against the dumping of

GMO food (aid) in poor developing countries and support alternative breeding and

production methods that benefit the poor. We are determined to see this issue

through to the end.’’ The European aid groups� position can be best represented

by a statement made by a spokeswoman for the UK charity ActionAid: ‘‘Accepting

GM technology now could stop these countries getting back on their feet in the

long run’’ (McDowell, 2002). However, in the same article, an unidentified aid offi-
cial said of the aid groups encouraging rejection of the US loan ‘‘I think it is abso-

lutely irresponsible unless they put their money where their mouth is and come up

with non-GM food. I do not have the nerve, heart or soul to deny, as a Precaution-

ary Principle, food to people who are hungry right here, right now. It is a debate

that only America and Europe can afford because they have food.’’ Undoubtedly,

the controversy surrounding the Southern African GM food aid centers on diamet-

rically different approaches to the interpretation and use of the Precautionary Prin-

ciple and regulation of genetically modified crops and food in the European Union
and the United States. The European Union and the United States do not interpret

and use the Precautionary Principle in the same way (Sheldon, 2004). More specif-

ically, the United States reasons that by ensuring that GM crops and food are �sub-
stantially equivalent� to existing conventional crops and food, there is no basis to

apply the Precautionary Principle. Under this argument, the solution is that GM

crops and food should not be subjected to standards any different from convention-

ally produced crops and food. It is also noteworthy that the United States is not a

signatory to the Cartagena Biosafety Protocol. The European Union, on the other
hand, reasons that because of the Precautionary Principle, GM crops and food

should be subjected to separate standards and regulations. Ultimately, a compro-

mise was reached in the Southern African GM food aid case with the governments

of Malawi, Mozambique, and Zimbabwe. To avoid starvation, the United States

and its aid workers accepted a proposal from South Africa that would send only

milled corn (corn powder) to the three African countries. The compromise was

not reached with the government of Zambia. In addition, later and well into the

crisis, the European Union agreed to provide funds to purchase non-GM food
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(from South Africa and India) to aid the remaining Southern African nations

affected by the famine.

The African experience provides a very good example of how controversial and

misrepresented the Precautionary Principle can be. In this story, the aid workers,

those sent to assist in famine relief, could have been forced to accept widespread fam-
ine, starvation and death with certainty, in favor of an unproven, undocumented,

and undefined future risk. It is unlikely that the architects of the Precautionary Prin-

ciple had this interpretation in mind. Clearly, the approach adopted by the EC made

allowances for exceptions when unintended consequences were known with reason-

able certainty. This is not to say that the Europeans would accept GM crops from

Africa, had seed been delivered and planted (the intended consequence), but from

a political point of view, it is unlikely that they would have raised the threat under

the Precautionary Principle to purposefully thwart aid efforts and knowingly subject
Africans to a known risk.
The political economy of the Precautionary Principle

When scientific uncertainty exists, how should policy makers respond? Should

policy makers incorporate the direct economic costs of their actions in the deci-

sion-making process and risk assessment? And should they also incorporate into
the analyses the unintended consequences? In this section, we present a model of

political economy that helps address these dilemmas and to cast light on the multi-

faceted issues and complexities involved in the risk assessment and decision making

process.

The model we present assumes that experimental protocols and risk assessments

have been met to scientific standards but that in the absence of scientific certainty

there remains a probability P that the product can at some future date cause harm

to humans, animals or the environment. Critics of GM foods, for example, will argue
that in the absence of long-term longitudinal testing, science cannot �prove� with cer-

tainty that a product is safe.3 To counter scientific uncertainty, the Precautionary

Principle brings about a policy regime, defined by h, to balance uncertainty about

future hazards occurring at some unknown time, T, based on information available

at time t. The benefits of the policy will only be recognized if the event occurs at T

with probability P, but in the meantime there may be some direct economic costs of

implementation, C0(h) P 0. The optimum policy is determined by maximizing the

expected social welfare function,

E½W � ¼ Pðh; tÞW 1ðh; T Þ þ ð1� P ðh; tÞÞW 0ðh; tÞ½ � e�kT � C0ðhÞ; ð1Þ
where P(h, t) denotes the probability of hazard assigned to scientific uncertainty;

(1 � P(h, t)) is the scientific certainty known at time t < T; W1(h, T) is the economic
3 This model was inspired from ideas presented in Glauber and Narrod (2001) who in turn cite

Rendleman and Spinelli (1999).
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welfare that will arise if a future hazard at T occurs; and W0(h, t) is the economic

welfare that would occur in the present time based on scientific knowledge. Since fu-

ture concerns over potential hazards give rise to precaution then it must be true that

W0(h, t) > W1(h, T). Economic welfare in this case can be considered as the net con-

sumer and producer surplus under the two regimes. In the extreme, W0(h, t) becomes
the economic welfare in an embargoed state due to the Precautionary Principle since,

under the principle, the product (that at some future date can cause harm) is effec-

tively banned. The benefits of the Precautionary Principle will only be �realized� in
the future so the benefits are discounted by the social discount rate k. Later, the so-
cial discount rate plays an important role in determining the optimum policy because

different groups of individuals may have differing time preferences for uncertainty. If

k represents the willingness to wait for scientific certainty, a population with few op-

tions to wait will discount the future benefits at a much higher rate than a population
with many options. In fact, k becomes an important political variable since propo-

nents of the Precautionary Principle who have the least to lose by delaying an action

become the �policy makers�, while those who have the most to lose become the �policy
takers�. It is the difference in welfare between the �policy makers� and the �policy tak-

ers� that define the unintended consequence of the policy.

The optimal policy decision is obtained by taking the derivative of expected wel-

fare with respect to the policy parameter, h, and setting it equal to zero.

oW
oh

¼ oP
oh

ðW 1 � W 0Þ þ
oW 1

oh
P þ oW 0

oh
ð1� P Þ

� �� �
e�kT � oC0

oh
¼ 0. ð2Þ

There are two distinct outcomes to the calculus. The bracketed term represents the
benefits of the policy and the second term represents the costs to the policy. The ben-

efits are comprised of two elements. First, by delaying the introduction of a new

product it is hoped that scientific uncertainty is reduced. Hence, oP/oh 6 0, which

reduces the likelihood of the welfare loss (W1 � W0) < 0. The second component rep-

resents the improvement in welfare in each state. By applying the Precautionary

Principle the intent is that should a hazard occur, loss is mitigated and therefore

oW1/oh P 0. The effect of the policy on W0 is ambiguous with oW0/oh <=> 0 being

possible. In the state of nature that supports the original scientific assessment it is
possible that oW0/oh > 0 if by delaying introduction, consumer confidence increases.

This is possible using the credence attributes discussed by Caswell and Mojduszka

(1996). Using that framework, asymmetric information between the market and

the science may affect consumer choices. Within the context of a Precautionary Prin-

ciple, consumers may deem the good safer at time T than at time t because any ambi-

guity about probability of harm (and hence the asymmetry in information) has been

largely diminished.4 If oW0/oh in (2) is zero then consumers� consumption and expen-

ditures on the good will be the same at time T as it would have been at t. But oW0/oh
4 Within the general context of food safety research, credence attributes usually refer to or arise from

asymmetric information between consumers and producers (see Caswell and Mojduszka, 1996). Here we

use the terminology and context to describe market behavior (which includes both consumers and

producers as defined for W) when full information is unknown about the science.



154 C.G. Turvey, E.M. Mojduszka / Food Policy 30 (2005) 145–161
may also be negative indicating that invoking a Precautionary Principle diminishes

confidence, or lowers the credence value in the safety of the good, even if time has

shown that it is actually safe. If it is negative consumer perceptions of the credence

variables will be lowered. Regardless, an optimum policy based upon the Precaution-

ary Principle will be one in which a change in expected welfare is non-negative.
The role of time and time preference is provided in Eqs. (3) and (4).

oW
oT

¼ �k PW 1 þ ð1� PÞW 0½ �e�kT < 0; ð3Þ

oW
ok

¼ �T PW 1 þ ð1� P ÞW 0½ �e�kT < 0. ð4Þ

In either case, welfare is reduced in matters of time. Eq. (3) states that the longer it

takes to resolve scientific uncertainty, the lower will be the welfare benefits of the pol-

icy. Eq. (4) states that the higher the time preference for the targeted product, the

lower will be the welfare effect. In addition, Eqs. (5) and (6) show the rate at which

marginal welfare changes with respect to time, T, and social discount rate, k. In both

cases marginal welfare decreases.

o2W
ohok

¼ �T
oP
oh

ðW 1 � W 0Þ þ
oW 1

oh
P þ oW 0

oh
ð1� PÞ

� �� �
e�kT < 0; ð5Þ

o
2W

ohoT
¼ �k

oP
oh

ðW 1 � W 0Þ þ
oW 1

oh
P þ oW 0

oh
ð1� PÞ

� �� �
e�kT < 0. ð6Þ

Combined, Eqs. (3)–(6) show that the effectiveness of a Precautionary Principle

cannot lie in isolation of exogenous variables such as need on the part of consumers

or society and the time for which scientific uncertainty is resolved. The question is

whether or not there is a balance between the assessment of risk and the underlying

policy. In theory, there is a policy that occurs when h is chosen, such that the mar-

ginal benefits equal marginal costs as in Eq. (7);

oP
oh

ðW 1 � W 0Þ þ
oW 1

oh
P þ oW 0

oh
ð1� P Þ

� �� �
e�kT ¼ oC0

oh
. ð7Þ

Social optimality of a Precautionary Principle must account for all of the vari-

ables. On the right hand side are the direct costs of the policy. These costs could in-

clude lost investment opportunities, lethargy in research and development, lost

economies to the intended recipients of the scientific research, and any compensation

to the industry as a result of the policy. On the left hand side are the expected mar-

ginal social benefits of delaying the commercial attributes of scientific discovery. The

social benefits are driven by a number of factors, including the probabilities associ-

ated with scientific uncertainty. The greater the scientific uncertainty then the greater
will be the marginal benefits from applying the Precautionary Principle. But in addi-

tion, the policy must take into consideration the severity of the welfare impacts. The

loss of $670 million (or 64%) in trade to African nations due to stringent aflatoxin

standards is an example of how the Precautionary Principle can reduce welfare in

the current state. The principle imposes an externality on the economy.
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The social discount rate, k, is also critical since it reflects the importance of the

scientific discovery to a population or group. To many, in fact the majority, k, might

be small. In agriculture, certain input traits to improve milk production or reduce

pest infestations do not directly enter consumer utility and therefore consumers

would be willing to wait longer for the resolution of uncertainty. On the other hand,
populations in need of genetically modified foods to stave off famine, or to develop

medicines from genetically engineered plants will discount the benefits of future re-

search more highly. In other words, the benefits of waiting become lower for these

inflicted groups.

Should the Precautionary Principle take into account the needs of different pop-

ulations? Consider two populations identical in all respects except that the benefits of

waiting are lower for one group than another. Then (W(k1)<W(k2)) if k1 > k2. This is
the unintended consequence. In the case of food aid for African famine relief, it was
the Precautionary Principle based on European standards discounted at k2 that

caused delays in food aid to the Southern African nations. The populations in those

nations, facing certain death in many instances, were not in a position to wait for

scientific uncertainty to be resolved. To a cohort facing starvation k1 ! 1, and)

W(k1) ! 0. Defining C1(h,k1 � k2) as the shadow cost of time preference then

oP
oh

ðW 1 � W 0Þ þ
oW 1

oh
P þ oW 0

oh
ð1� P Þ

� �� �
e�kT ¼ oC0

oh
þ oC1

oh
. ð8Þ

Eq. (8) is a restatement of Eq. (7) excepting that the policy should also include, as

part of its cost measure, the unintended consequence on different populations. The

inevitable consequence of such a proposition is that inclusion of the unintended con-
sequence associated with h will require a new equilibrium. If including the unin-

tended consequences of the Precautionary Principle causes marginal costs to rise

above marginal benefits, then h should be relaxed and the Precautionary Principle

should be relaxed.

Finally, there are some implications for future research in this area. In our mod-

eling, we do not endogenize individual risk perceptions and social risk preferences.

These are exogenously given and enter our model indirectly through the k variable.

In their recent work, Slovic et al. (2000) investigated cross-cultural risk perceptions
of nuclear power in the United States and France. Their work provides the basis for

understanding public responses to nuclear power risks and, as a result, how the com-

munication of risk between technical experts, policy makers, and the public can be

improved. The main result of the study is that the public�s understanding of risk is

much broader, richer than technical experts�. Therefore, risk communication and

management methods, in order to be successful, must be structured as a ‘‘two-

way’’ process. Experts and policy makers must account for and respect ‘‘the intelli-

gence’’ of the public. The authors do not model individual risk perceptions and pub-
lic preferences in the economics framework. This means that the authors do not

specify utility functions and are unable to estimate social welfare changes resulting

from various valuations of nuclear power. There also exist a few studies that inves-

tigate individual risk perceptions and public preferences of agricultural biotechnol-

ogy (e.g., Hallman et al., 2003). It appears that even in countries where
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governments have been supportive of the GM technology, public lack of support will

most likely continue to have a huge impact on the future of GM food and crops

(Sheldon, 2004). To extend our model and endogenize individual risk perceptions

and public preferences, it would be necessary to model explicitly product and con-

sumer characteristics and then aggregate preferences over individuals to be able to
estimate and evaluate social welfare changes.5
Irreversibility and the Precautionary Principle

It has been argued that irreversibility and uncertainty can be used to justify the

Precautionary Principle (Gollier and Treich, 2003). In fact, from an economic point

of view, irreversibility provides a natural segue to the Precautionary Principle and
greater precaution should be taken with increased uncertainty. Such an assessment

is agreeable, but only when the costs and benefits are evaluated without prejudice

to intended and unintended consequences. In fact, the rule in (8) is very much con-

sistent with the literature on irreversibility and precaution.

Irreversibility as a conceptual basis for economic and policy analysis derives orig-

inally from an investigation into the role of uncertainty in the development of a nat-

ural area by Arrow and Fischer (1974). Irreversibility refers to the ability to undo a

previous action when it turns out that the social benefits of such an action are out-
weighed by the social costs. If there is uncertainty as to whether the social costs will

ultimately be higher or lower than the social benefits, then there exists an option to

postpone economic development (as in the case of Arrow and Fischer, 1974) or com-

mercialization of a scientific discovery (as in the case of Gollier et al., 2000) until

uncertainty is resolved. If uncertainty is never resolved, then postponement could

be infinite, but the optimal timing is also weighted towards the degree of irreversibil-

ity. The easier a decision can be undone the lower will be the option value to post-

pone a decision. Uncertainty and irreversibility therefore work in tandem; the degree
of uncertainty increases precaution, while the degree of reversibility decreases it.

They are not mutually exclusive.

Should public policy based upon the Precautionary Principle take into consider-

ation the reversibility of a previous decision? It would appear, as Gollier and Treich

(2003) point out, that the Precautionary Principle is economically justified if and

only if the decision is irreversible. Is food policy reversible? The answer is obviously

an empirical one, but in many cases the answer is probably yes. Seed stores can be

used to rapidly supplant GM crops; ecological habitats surrounding farm fields can
be developed to maintain fluid populations of indigenous species; rotations between

GM and non-GM crops can be used to thwart resistance. But, what about the unin-

tended consequences? Death due to starvation because of an embargo on GM foods

is irreversible but the policy itself is reversible.
5 To date, we have applied discrete choice techniques to examine consumer perceptions of the nutritional

quality of food products and policy implications (Mojduszka, 2003).
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The relationship between options values, unintended consequences, and irrevers-

ibility is illustrated in Fig. 1. A choice from two mutually exclusive paths must be

considered. The upper path represents an embargo while the lower path represents

an unrestricted market, which we refer to as the free state. Consider the embargo

decision first. At node (1) an intended consequence of b1 is realized with probability
(1 � q1) while an unintended consequence occurs with probability (q1). If q1 occurs a
proportion of the population, n1, is negatively affected. The welfare loss in this state

is given by: (1 � n1)B1 � n1C1, where n1C1 represents the cost to the afflicted commu-

nity. But the unintended consequence may be reversible with probability q2. If it is
reversible then some portion of the afflicted population, m1, can be restored, for a

recovery of m1 (n1C1) but at a cost Y1. The net welfare is W11 = (1 � n1)n1C1 � Y1

with conditional probability q1q2. If the unintended consequence is irreversible then

the net welfare is W12 = (1 � n1)b1 � n1C1 with conditional probability q1(1 � q2).
We can write the expected welfare from the embargo decision as

W 1 ¼ ðq1b1 þ q1q2½ð1� n1Þb1 � ð1� m1Þn1C1 � Y 1� þ q2ð1� n1ÞC1Þ. ð9Þ
If the market is unrestricted, the new product can be sold. At node 3, scientific

certainty reveals that a benefit b2 will occur with probability (1 � q3). Scientific
uncertainty is measured with probability q3, and if q3 occurs, the whole population

is afflicted, resulting in a social cost C2. If this is reversible, then, going from node 4
some portion of the population, m2, can recover but at a cost of Y2. The benefit of

reversibility is m2C2 and the net welfare cost of the unintended consequence is
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Fig. 1. Irreversibility and the Precautionary Principle.
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W21 = �((1 � m2)C2 + Y2) with conditional probability q3q4. If the consequence can-
not be reversed then with probability q3(1 � q4), the welfare impact is W22 = �C2.

The expected welfare from the free state is

W 2 ¼ ð1� q3Þb2 � q3q4ðð1� m2ÞC2 þ Y 2Þ � q3ð1� q4ÞC2. ð10Þ
The policy to embargo based upon the Precautionary Principle has a positive option

value if W2 > W1 and the value of the option will be W2 � W1.

The model considered by Gollier et al. assumes that q1 = 0 so that the benefit of

the embargoed state is W1 = b1 P 0 and occurs with probability 1.0. This is weighed

against the expected costs of the free market given by �q3(q4((1 � m2)C2 + Y2) �
(1 � q4)C2). From this we can visualize the significance of irreversibility. Suppose

that the unintended consequence is reversible with probability q4 = 1. If all afflictions
can be reversed (m2 = 1), then only the cost Y2 remains. If reversibility is costless

(Y2 = 0) the option disappears. But full consideration of an unintended consequence

in the embargoed state can also extinguish any option values brought about by the

Precautionary Principle. This is especially true when the unintended consequence oc-

curs with a high probability. In the case of the Southern African nations, considering

the probability (q1) of famine (C1) afflicting a large population (n1) should have

extinguished any option values attributable to the Precautionary Principle.6

From an economic perspective, the Precautionary Principle imposes a constraint
on an economic system. Conventional optimization of utility or profits holds that a

constraint, when binding, imposes economic or social costs. But in the context of the

Precautionary Principle, these have to be weighed against social benefits. The model

presented in the previous section can be caste in the context of the Coase theorem,

under which social welfare is optimized when the marginal benefits of an action (such

as reducing the allowable concentration of aflatoxin) equals the social benefits. The

theorem is depicted in Fig. 2.

In Fig. 2, the X-axis represents the unknown future risk associated with a food
product to which the Precautionary Principle is applied. Because the food product

or technology might include some unforeseen or unproven risk, invocation of the

Precautionary Principle will require establishing a standard that matches societal

benefits with societal costs. Such benefits and costs need not be denominated in

money terms. Marginal benefits can be measured in terms of increased marginal util-

ity. The social optimum will define the regulatory standard where the marginal soci-

etal benefits equal the marginal costs of the principle. This occurs for hlow at point A

on the cost curve labeled �unintended consequences� which includes both intended
and unintended costs (C1 and C2 in Eq. (8)). On the other hand, if the regulatory

authority recognizes only the intended costs (C1 in Eq. (8)), the optimum policy

would be an abatement strategy, hhigh at point B. However, failing to recognize

the unintended consequences the true marginal societal costs at the prescribed stan-

dard would, at the intersection at point C, be much higher than those believed to be
6 In our modeling, we do not consider a possible option of non-GM food aid. But, it is worth to point

out that several months passed before the non-GM food aid was made available. During that time,

affected populations experienced starvation or even death.
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Fig. 2. Coase theorem applied to the Precautionary Principle.
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true at point B. Relaxing the standard from hhigh to hlow does not provide the same

(perceived) social benefit as the original standard based upon the Precautionary Prin-

ciple, but society as a whole is better off when unintended consequences are taken

into account. When Zimbabwe�s President Mugabe relaxed the restriction on import-

ing GM food, imposed on the basis of the Precautionary Principle, averting the unin-
tended consequence of mass famine resulted in an overall increase in social welfare

relative to what would have occurred had the Precautionary Principle remained

rigid.
Conclusions

This paper examined some of the economic consequences of the Precautionary
Principle. In particular, this paper focused on the law of unintended consequences

and argued that for the Precautionary Principle to be fairly applied it must also con-

sider the law of unintended consequences. The political economy model shows that a

simple framework of cost–benefit analyses may not be entirely correct if it only

examines the direct effects of the intended policy. In many instances, such as the re-

cent debate over US aid of GM grains to alleviate famine in Malawi, Mozambique,

Zambia, and Zimbabwe the Precautionary Principle was taken to such an extreme

that proponents were willing to sacrifice African lives with near certainty in order
to protect local crops and possible exports against GM pollution claims that could

not be disproved with scientific certainty. How could this happen? Under the polit-

ical economy model presented, the welfare of society is based upon an optimum pol-

icy that balances the social welfare based on scientific knowledge against the

unknown welfare effects arising from scientific uncertainty. The welfare effects of

the policy diminish with scientific certainty, but an important component of the

presented model is the recognition that the benefits of the policy occur only at some

future (but unknown) date and only if welfare losses result from the original scientific
uncertainty. But the benefits are not uniformly distributed across all populations. As
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in the case of the Southern African nations, postponing food aid until such a date

that all scientific uncertainty was resolved was not an option. In the extreme, the Pre-

cautionary Principle applied to uncertainty about the long-term effects of GM crops

would have had the unintended consequence of many African deaths with near

certainty.
The paper also discussed the reversibility of scientific uncertainty. Under some

strands of this literature, the Precautionary Principle is justified under the flexibility

or option value it provides to postpone the marketing of some goods. But, the option

value diminishes significantly if either reversibility in the unintended consequence as-

signed to scientific uncertainty is high, or the costs from irreversible unintended con-

sequences arising from precaution are high. In either case, food policy must not only

consider unintended consequences of Type I and Type II errors, but must also con-

sider, if at all possible, their degree of reversibility.
Unintended consequences may lead to errors in public policy. Without consider-

ing the unintended consequences, the assigned costs associated with the Precaution-

ary Principle would be much lower, leading to more stringent enforcement.

However, it was shown, at least theoretically, that when considering the costs asso-

ciated with unintended consequences, the optimum strategy would be to reduce

control.

There are of course instances in which history through hindsight would have wel-

comed the Precautionary Principle (e.g., asbestos). However, the text of this paper
argues that proponents of the Precautionary Principle must look beyond the mere

measurement of scientific uncertainty to consider fully and completely the opportu-

nity and societal costs of the law of unintended consequences.
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