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Prevention and Treatment in Food Safety:
An Analysis of Conceptual Issues

James Barrett and Kathleen Segerson

The main goal of food safety policy is to reduce the dantagewould result from ingestion of
contaminated food. Prevention of contamination is one approach to reducing potential damages. The
majority of policies governing food safety have focused on preventing foodborne illnesses. The U.S.
Food and Drug Administration (FDA) and Ul¥partment of Agriculture (USDA) regulate many food
production processes and monitauch of theoutput from the food industry in an attempt to prevent
harmful products from reaching the market. Environmental Prote&tjency (EPA) regulations
governing the use of pesticides on food are aimed at not allowingtimaorex certain number of
additionalcases of illness (usually on the ordeioné additional cagger million per lifetime; see
National Academy of Sciencgd987)for a more thorougbkxplanation of EPA regulations). These
regulations are extensive and highly specific.

A second approach teducing damages is through treatment of illnesses when they occur. Unlike
prevention, the question of treatment of ilinessesdw@sved venfittle attention fromgovernment
agencies. Yet the theoretical literature suggests that it may be more efficient to respond to illnesses ex
post with medical treatment rather than attempting to prevent them ex ante, because the responses can
be individually tailored to suit the nature of the problem and because response is only required if iliness
occurs?  If society is risk neutral and treatment and prevention are equally effective at reducing damages
caused by iliness, then treatment would always be preferred. However, in general the two approaches
will not be equallyeffective in reducing damages. If prevention is more effective, then the use of some
preventative methods may be efficient. The question then becomes: What is the efficient combination
of prevention and treatment to use in response to the problem of food safety?

There existsvery little literature that addresses the potential tradeefiveen prevention and
treatment. Using a first-order Markov process, Heffley (1982) develops a decision rule for allocating
expenditures between prevention and treatment in the health care context. However, in his model, the
choice of prevention and treatment is made simultaneously, so that the level of prevention taken has no
effect on the level of treatmeneeded, and the ex am® ex post nature tfie problem is not fully
examined. Polinsky and Shavell (1994) develop a model that examines the choice of accident prevention
and damage mitigation in the production of some good. (Oil spills and toxic waste leakages are cited
as examples.) Their focus is on how different liability rules affect the producer's behavior, and they do
not consider the possibility of a limited budget. They focus instead on inducing the firm to employ the
optimal levels of care and mitigatiorwhich aretaken as given; they do not examine the interaction
between the choice of prevention and mitigation. Raucher (1986) presents a theoretical framework for
measuring the costs and benefits of groundwater protedtomever, the modedssumes that the
government always chooses "the economicgilyropriate” response itacidences of contamination.
Prevention decisions are made with treatment decisions taken as given, so that there is no need to choose
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between the two. Although all thepapersexamine situations iwhich treatment and prevention
decisions must be made, they do not consider the efficiency implications of choosing ex ante vs. ex post
variables.

This chapter uses an econofrianework to dtermine the extent to which limited resources should
be invested in treatment and in prevention and investigates some of the factors that influence the efficient
levels of each. We consider three alternative social critenehliph to judge the efficiency of the
investment in prevention and treatment. The first is standard Pareto optimality, or the minimization of
total social costs, where those costs include both the costs of prevention and treatment and the damages
from food contaminatiothat might result despite the investments in prevention and treatment. The
second dterion is expected expenditure minimization subject to a maximum damage constraint. This
corresponds to a situationwhich the authorities have determined some minimum level of safety (or
maximum level of expected damages) and the objective is to athielevel at a minimuntost to
society* The third criterion is expected damage minimization subject to a resource constraint. This is
relevant in a situation iwhich aplanner has a limited budget available agidenthat budget, the
objective is to minimize the social damages due to foodborne illnesses.

The results of our modsliggest thatwhile theallocation of resources between prevention and
treatment under the second two aatavill usually differ from the Pareto optimal allocation, they share
some of the same properties of the Pareto optimal allocation. Specifically, we show that the allocations
under all three criteria lie on a type of expamgpath along which the rate that prevention and treatment
can be substituted for each other while maintaining a given budget is the same rate at which they can be
traded while maintaining a given level of expected damages, which is in turn equal to the rate at which
they can be traded while maintaining a given level of expected aggregate costs. Thus, this condition for
being on the expansion path provides a rule for allocating resources efficiently that can be used 1) when
the regulatory agency faces a budget constrainth@h it seeks to ensure that expected damages do not
exceed some threshold, andm8)en it isunconstrained. However, the impact of changes in certain
factors that influence the efficient allocation depends on which criterion is used. For example, contrary
to what might be expectedhenthe probability of contamination occurring rises exogenously, the
efficient levels of both prevention and treatment may fall under a resource constraint, but both may rise
under a damage constraint.

In other cases, our results suggest that the opkawels of prevention and treatmenbve in
opposite directions in response to an exogenous parameter change. This suggests a potential tradeoff
between the two approaches to reducing damages. For some, the notion of reducing expenditures on
illnessprevention in order to increase expenditures on illness treatment presents a dichagteful
reducing prevention expendituredll lead to a higher incidence dfness and thusnore human
suffering. However, every dollar that goes to prevention cannot go towards treatment of illnesses that
have occurred. This reduction in treatment is also an increhaman suffering, sthat thechoice
being nmade is not between dollars and human suffebngrathebetween two alternative means of
reducing suffering. By allowing some additional illnesses to ocamayitbepossible to treat more
illnesses once they do occurttifs is true, then itnay be more efficient tallocate more resources
towards treatment.

Nonetheless, we regnize that there may be some minimum level of safety which society wants to
maintain in itsfood supply; providing less than that level of safety (by allowing expected damages to
go above a certain levatay be alisservice to society. The inclusion of the second criterion, social
wealth maximization subject to a maximum damage constraintaiteampt to address this concern.

In addition, the consideration of interim damages in the comparative-static section is an attempt to
address the fact that some portion of damages may not be treatable.
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An Overview of the Model

Consider the following situation: There is some food that is being produced and consumed which
may or maynot cause the consumer to become ill. The producer can undertake some degree of pre-
vention that reduces the probability of the consumer becoming ill. If the consumer does become ill, he
can seek out treatment to mitigate the damages being suffered. For simplicity, it is assumed that the
consumer can take no preventative action to reducertimbility of illness. Additionally, the
effectiveness of prevention and of treatment are assumed to be known with certainty. It is also assumed
that boththe producer and consumer are risk neutral or that actuarially fair insurance is available and
that all damages are monetarily compensable. Thus, expected utility can be maximized by maximizing
expected net wealth.

Pareto Optimality

This section will explore the familiar efficiency criterion of maximizing one individual's expected
utility subject tathe constraint that the other individual's expected utility not fall below some specified
level. Given risk neutrality, maximizing expected utility is equivalent to maximizing expected net
wealth. Thus, the problem is to

(1) MaximizeW® - A - s
T,AS

st. WS - P(A)T - P(AD(T) + s> W,,

where:

W? is the producer's initial wealth (I for injurer),

W\o, is the consumer's initial wealth (V for victim),

V_\/V is some predetermined target level of expected wealth,

A is the amount of prevention takenthg producer, with units chosen so that the price of
A is one,

P is the probability that the consumer gets ill,

T is the amount of treatment for damages sought out by the consumer, with units chosen
so that the price of T is one,

D is the damages suffered by the consumer, with

D’ <0 so that each additional unit of T reduces damages, but

D” >0 so that it reduces damages less as it is used more,

P <0 so that each additional unit of A reduces the probability of iliness, and
P” >0 so that it reduces the probability less as it is used more, and

s is an exogenous lump-sum transfer from the producer to the consumer.

We assume that the consumer has already decided how much of the product to consume. Thus, we do
not model the consumption decision. In a more general model where consumption is endogenous, the
probability thatthe consumer gets ill could depend on his consumption decision, infer alia. The
lump-sum transfer, s, is required to separate the distributional effects of the Pareto criteria from its
efficiency goal. It can be set to ensure that the constraint holds with efuality, i.e.:
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2) s =W, - W +PT + PD.

Given s and the exogeneity of the initial and target wealth levels, the prol&)risrequivalent to
minimizing total expected social costs. Thus, (1) becomes:

(3) Minimize A + P(A)T + P(A)D(T).
AT

The first-order conditions for T and A are:

(4) -D' =1
and
(5) -P" - (T + D) =1,

respectively. These simply require that the marginal benefit of each is equal to its marginal cost. The
marginal benefit of prevention is the reduced probability that treatment will be needed and damages will
be suffered. The marginal benefit of treatment is simply the reduction in damages associated with an
increase in treatment. Units are chosethabthe marginal cost @fach is 1. Notéhatunder this
criterion, the optimal level of T is determined solely by (4) and is independent of the probability of an
illness. Thus, the treatment decision is separable from the prevention decision.

In Figure 2.1, the point EC represents the minimum level of total expected costs EC = A + P(A)T
+ P(A)D(T) that could be incurred by society. Higher levels of total expected costs are represented by
concentric circles or ovals (drawn as circles for simplicity) spreading out from EC . The further from
EC" an iso-expected-cost-circle lies, the higher the level of expected costs it represents.

The solution to the Pareto criterion (A*, T) yields* EC and the associated level of expected damages
P(A"D(T") represented by the iso-expected-damage curve D . Also drawn is the iso-expenditure curve
for R = A +P(A )T . It should be noted that at EC the slope of the iso-expected-damage curve is
equal to the slope of the iso-expenditure curve. This can be demonstrated by combining equations (4)
and (5) to obtain the marginal condition:

©) 1+PT _PD
P PD’

Thus, at the Pareto optimal levels, expenditure is minimized given the associated level of expected
damages. Likewise, expected damages are minimized given the level of expected expenditure. It is
possible to draw an expansipath through all the points where the slope of an iso-expected-damage
curve,

_ PD
PD’

’

is equal to the slope of the iso-expenditure curve,

1+PT
-
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FIGURE 2.1 Solution of the Pareto Optimal Problem

T

As shown below, the efficient levels of prevention and treatment under the second two criteria lie on this
expansion path as well.

Maximum Damage Constraint
The remaining two criteria replace the Pareto optimality criterion with a second-best criterion. In
this case, the objective is to minimize total expected expenditure subject to a constraint on the level of

damages expected to be suffered by the consumer. The objective function is:

(7a) Minimize A + P(A)T
TA

st. P(A)D(T) < D.

It can be easily shown that (7a) is equivaleht to
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(7b) Minimize A + P(A)T + P(A)D(T)
AT

st. P(AD(T) < D.

The equivalence of the two problems implieat minimizing expected expenditure subject to an
expected damage constraint is, in fact, a constrained version of the first-best Pareto optimal problem in
(3). It therefore yields second-best levels of prevention and treatment that will in general yield a higher
level of expected total social costs thanfits-best Pareto optimévels. Thuswhile choosing to
maintain a minimum level of health, or maximum level of expected damages, will reduce one component
of total expected social costs, namely, expected damages P(A)D(T), it will necessarily increase the other
component, expected expenditure A + P(A)T. The fact that (7) is a constrained version of (3) implies
thatthe increase in expected expendituilealways be ateast as great as and generally greater than
the decrease in expected damages, thereby increasing expected total social costs.

If the constraint in (7) holds with equaltty, the first order conditions for the optimal values of A and
T under the damage-constrained problem are:

(8) D - PD = 0,
9) 1+ PT-MD =0, and
(10) P - APD’ = 0,

wherel is the Lagrangian multiplier on the constraint. The conditions (9) and (10) are clearly similar
to the conditions (4) and ($om the Pareto criterion andould be identical it wereequal to -1.
Combining (9) and (10) yields the marginal condition:

(11) 1+PT _PD
P PD’

which simply states that in equilibrium the slope of the iso-expenditure curve (left-hand side) is equal
to the slope of the iso-damage curve (right-hand side). This marginal condition was also implied by the
first-order conditions for the Pareto criterion. Thus, as noted above, Pareto optimality implies that
expected expenditure is minimized subject to the assodéeldof expected damages. However,
minimizing expected expenditure subject to a gleerl of expected damages does imply Pareto
optimality? In this sense, Pareto optimality is a stronger criterion than is the efficiency criterion used
in the damage-constrained problem. Note also that under the damage-constrained criterion, the decision
regarding the level of treatment is no longgeasable from the prevention decision. Specifically, unlike
under the Pareto optimal criterion, the efficient levaleztment depends on the probability of an iliness
occurring. This is because the constraint requires that an increase in prevention or treatment requires
an offsetting decrease in the other, forcing them to be traded off for one another at a rate which keeps
expected damages constant.

Figure2.2 illustrateggraphically the solution to the damage-constrained problem. Here, the level
of expected damages is constrained to hehizh weassume isgower than D 1  Graphically, the
efficient levels of A and T are the levels that are on the lowest (i.e., inner most) iso-expected cost curve
given the constraint. The solution isXAP, Twhich requires that'R resources be allocated to the
problem and results in expected total costs df EC . An expansion path can also be drawn to show the
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FIGURE 2.2 Solution of the Damage-Constrained Problem

T

different equilibrium points associataith different levels of the constrainthis expansion path is
simply the upper half of the expansion path from the Pareto problem.

Resource Constraint

In this case, the objective is to minimize expected damages subject to a constraint on the amount of
resources thatan bespent on prevention and treatment. Note that afirtteethe expenditure on
prevention is made, it is not known whether or not an ilinéssccur and thus whether or not treatment
will be required. We therefore specify the resource constraint in terms of the actual expenditure on
prevention plus the expected expenditure on treathtent.  The problem is then to

(12a) Minimize P(A)D(T)

st. A + P(AT < R.

Again, it can be shown that this problem is equivalent to:
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(12b) Minimize P(A)D(T) + A + P(A)T

st. A + P(AT < R.

Thus, as with the damage-constrained problem, minimizing expected damages subject to a resource or
budget constraint is equieait to a constrained version of the Pareto optimality problem. It thus yields
second-best levels of prevention and treatment thatgeregher expected total social costs than occur
under Pareto optimality. While the expected expenditure on prevention and treatment will be smaller,
the decrease in this component of social agiitbe offset by the resulting increase in the expected
damages. Thus, as with the damage-constrained problem, expected total social costs will increase.

If the constraint holds with equality, the first-order conditions for the resource-constrained problem

are:

(13) R-A+PT=0,

(14) PD-y-(1+PT) =0, and
(15) PD' - yP = 0,

wherey is the Lagrangian multiplier on the constraint. Again,wdsld be identical to thBareto
solution if the multiplier were equal to -1. Combining (14) and (15) again yields the marginal condition:

(16) 1+PT _PD
P PD’

which is equivalent to (11). This reflects the fact that (7a) and (12a) are duals of each other. Thus, in
order to minimize expected damages subject to an expected expenditure constraint, it is necessary to
minimize expected expenditure subject to the corresponding expected damage constraint. As with the
damage-constrained problem, the optimal level of treatment is not independent of the level of prevention.
Specifically, it depends on the probability of illness since the constraint forces prevention and treatment
to be traded off for one another to keep the level of expected expenditures constant.
Figure 2.3 illustrates graphically the solution to theusse-constrained problem. Here, the amount
of resources available is constrained to be less than or equaloid® must be below R if the
constraint is binding). The efficient allocation of resources again is the allocation that lies on the lowest
possible (i.e., inner most) iso-expected cost curve given the constraint. The solutfons (A ,T ), which
results in expected damages & D and leaves society with total expected co§ts of EC . An expansion
path is again drawn. In this case it is the lower half of the expansion path from the Pareto problem.
The relationship between the three problems should now be fairly clear. The second two criteria are
simply constrained versions of the first, unconstrained problem, and prof@unityaof solutions of
which the Pareto solution is a special case. This family of solutions is the set of all combinations of A
and T whichsatisfy (11) (orequivalently,(16)). Additionally, each one of these tangemmjints
corresponds to a certain level of expectatisg@and it can be shown that when this condition is satisfied,
the slope of the iso-expected-cost,
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FIGURE 2.3 Solution of the Resource-Constrained Problem

T

_1+PT+PD
P+ PD’

will also be equal to the slopes of the ispenditure curve and the iso-expected damage curve. The set

of pointswherethese three curves are tangent forms the expansiomaath in Figure2.1. The
unconstrainedPareto problem yields a unique solution, the sipglat on this expansion path that
minimizestotal expected costs. The otlteo problemsyield families ofsolutions that are on this
expansion path. The exact point on the expansion path is determined by the constraint. In the special
cases where Bquals D for the damage-constrained problem and whegei&s R for the resource-
constrained problem, the two constrained problems both yield the unconstrained Pareto solution.

Comparative Static Results

Having characterized the efficient levels of prevention and treatment under three alternative
efficiency criteria, we turn next to a consideration of some of the factors that affect those choices. The
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first is the level of interim damages. Since time ofiassebetween the onset of symptoms and the
beginning of treatment, some damages are suffered in this interim. The severity of these interim damages
can be expected to alter the efficient allocation between prevention and treatment. For example, one
might expect that the greater the interim damagmsdd be, the more we would want to invest in
prevention rather than treatment. Thedel confirmghis intuition in that it calls for an increase in
prevention, but the effects on treatment are less clear and depend on which criterion is used. Second, the
likelihood that anliness would occur given some level of prevention is expected to affect the choice of
prevention and treatment as well. Specifically, one might expect that the more likely the illness is, the
more we would want to imst in preventing it. However, the model does not necessarily support this
intuition, and the results again are sensitive to the criterion examined. This section will examine how
these two factors affect the efficient levels of prevention and treatment. It is particularly interesting to
note that while these two secohdst problems are duals efch other, they cayield different
comparative static results, some of which may seem counterintuitive at first glance.

Interim Damages

When people become ill, there is often a lag between thehahéhe symptoms first manifest
themselves and the time that successful treatment begins. In the meantime, some damages are suffered.
The severity of these interim damages can be influenced by any number of things, such as economic or
psychological reluctance of the sick person to see a doctor promptly, or the virulence of an iliness that
causes severe damages even over a small period of time. One would rexpeaitythat the more
severe interim damages are, the more prevention and the less treatment would be employed. However,
whether or not this intuition is borne out depends on which efficiency criterion is used.

A simple modification to capture the effects of interim damages under Pareto optimality yields the
objective function:

(17) Minimize A + P(A)T + P(A)(D + D(T))
AT

where D is interim damages. This formulation assumes that the interim damages simply shift the
damage function without altering the effectiveness of treatment in reducing damages. The first-order
conditions for prevention and treatment are:

(18) 1+P -(T+D+D(T)) =0and
(19) D' +1=0,
respectively.

Using these first-order conditions, we derive the comparative-static results

OA™ _ PPD' 4
aD [H,| ap  |Hy

where|H,| > 0. These resulfsllow clearly from thefirst-order conditions. An increase in interim
damages increases the damages suffered if illness occurs, so that the marginal benefit of reducing the
probability of anaccident increases, and the equilibrium level of prevention therefese Interim

damages have no effect on the marginal benefit of treatment, so that when they increase, there is no effect
on the equilibrium treatment level.
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Modifying the damage-constrained model results in the objective function:

(20) Minimize A + P(A)T
AT

st. P(A)(D + D(T)) < D.

If the constraint is binding, this yields first-order conditions:

(21) D - PA)[D + D(M] = 0,
(22) (L +PT)-AP - (D +D) =0, and
(23) P - APD = 0,

whereagain is the Lagrangian multiplier. Given that the objective function is convex in Aand T, it
is a relatively simple matter to obtain comparative static results,

aAD _ —PZP)\.D”(D + D) _ )\.PI(PDI)Z . 0 and

aD |H2|

aTPb _ D'P[P?A - (D + D) + PP'(T - A - (D + D))]
oD |H2|

which is indeteminate,where|H,| < 0. Thus, under thisfficiency criterion an increase in interim
damages has the expected result of increasing investment in prevéttimever, the effect on
treatment is indeterminate.

Figure 2.4 shows the effects of an increase in interim damages on the damage-constrained problem.
The inner iso-expenditure curve and iso-expected-damage curve represent the original case, and the outer
pair represent what happemkeninterim damages increase. Two different effects can be identified.

The first is the damage-shift effect. The increase in interim damages shifts the iso-elqraatpsl

curve outward, requiring an increase in expenditures to keep the constraint satisfied. (Both iso-expected-
damage curves represent the same level of expected damages.) This moves us to a new iso-expenditure
curve, F% , Which is parallel to the original iso-expenditure cur@e, R . The second effect is the damage-
substitution effect. The increase in interim damages causes the iso-expected-damage curve to become
steeper. This occurs because reducing the probability of iliness through increased prevention now
reduces the probability of suffering a gredésel of damagethan before. Itvould take a greater

amount of treatment to match the reduction in expected damages, thereby increasing the marginal rate
of substitution and making the iso-expected-damage curve steeper.

Both of these effects tend to increase prevention, and it is shown to rise unambiguousB/ from A to
A':z). However, the effects work impposite directions on treatment; the damage-shift effect tends to
increase treatment, and the damage-substitution effect tends to decrease it. It is impossible to say which
effect would dominate without making additional, somewahiitrary, assumptions. The diagram is
drawn such that treatment does not chan@e, T quaIs T , but it should be clear that either an increase
or decrease is possible.

29



FIGURE 2.4 Effect of an Increase in Interim Damages on the Damage-Constrained Problem

OUI

AP A%

In the resource-constrained case, the problem is now to:

(24) Minimize P(A)[D + D(T)]
AT

st. A + PAT < R.

This yields the first-order conditions:

(25) R-A-PAT =0,
(26) PID+DM] -y-(@+PT =0, and
27) PD’ - yP = 0,

wherey again is the Lagrangian multiplier. This time, however, (assuming convexity) the comparative
static results are consistent with a priori intuition:
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E _ P'P2 > 0 and aTR _ PP + PT) <

aD |H,| D |H,|

where|Hz| < 0.

Figure 2.5 shows the effect of an increase in interim damages in the resource-constrained problem.
In this case, the increase in interim damages does not shift the constraint. However, as before, there is
a damage-substitution effeatshich causes the iso-expected-damage curves to besteeper.
However, the fact that expenditures cannot go up in this case means that the level of expected damages
must rise. The second iso-expected-damage cug\/e, D , represents a higher level of expected damages
than the original, EL) . (Recall that higher iso-expected-damage curves represent lower levels of expected
damages.) The damage-substitution effect mages D steeper'ithan D , and, as in the last case, tends to
decrease treatment and increase prevention. Without a shift in the constraint to mitigate the damage

effect on T, it is clearly shown that prevention increases and treatment decreases unambiguously in this
case.

FIGURE 2.5 Effect of an Increase in Interim Damages on the Problem

T
i)1
R bz
R
T,
R
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ER ER A
A A,

31



Change in Probability

One wouldexpect the probability ainy given individual becoming ill to depend on factors other
than the amount of prevention taken to avoid getting ill. In the context of food safety, exogenous
parameters can be expected to play a role in the fitybahillness. For example, weather could affect
the probability of &Salmonellaor other bacteriological illness occurring, as warm weather is more
conducive tdacterial growth. This section examines how an exogenous increase in the probability of
illnessaffects the choice of prevention and treatment. One might expect that such a change would tend
to decrease treatment and increase prevention because increasing the probability of illness increases the
probability that the treatmeniill actually have to be employed which is akirr&gsing the price of
treatment. Again, however, whether or not this occurs depends on which criterion is used.

Modifying the Pareto optimal problem gives the unconstrained objective function:

(28) Minimize A + P(o, AT + P(t, A)D(T),
AT

wherec is the exogenous parameter that affects the probability of illnesslefilec. such that the
partial derivative, P , is positive. This yields first-order conditions:

(29) 1+P(T+D)=0and
(30) 1+D =0.

Using these conditions, we derive the comparative-static results:
dA* P (T + D)D"
oot |H

4l
the sign of which is the opposite of the sign of the cross-payiial P, and

aT* 0

- = 0,
ou |H,|

where|H,| > 0. Again, the results are fairly intuitive. Becausenly affects the probability of an

accident and treatment is chosen without regard to the probaluilignge irx will not affect the choice

of treatment. The effect of a change ion the choice of prevention depends on the signof P A If P

is negative, then the increasexihas made prevention more effective in reducing the probability of an

accident, and more prevention should be used to take advanttge. off P, is positive, then

prevention has become less effective, and less should be usggd. If P is equal to zero, then the increase

in « has had no effect on the effectiveness of prevention, and the equilibrium level of prevention does

not change. Since it seems more likely that an increaseanld reduce the effectiveness of prevention,

the rest of the comparative-static results will be based on the assumptigp that P is positive.
Modifying the damage-constrained version of the model gives the problem:

(31) Minimize A + P(e, AT
AT

st. P(e,AD(T) < D.
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The solution to this problem gives the first-order conditions:

(32) D - P(e,AD(T) = 0,
(33) 1+PT-APD =0, and
(34) P - APD' = 0,

whereA again is the Lagrangian multiplier. Assuming convexity of the objective function, we obtain the
following comparative-static results:

da |Hg|

GAP _ PDPPAD” + P(T - AD)YPDY

aT*  D(T - AD)(-PD'P,Py, - P.Pus)
ou |H|

where|Hg| < 0. The sign of both of these depend on the cross-partial derivgtive, P 5. If P is positive,
then

aTbP
oo

> 0.

The sign of

gAPD
oo

depends not only on the sign gf,P , but also on its sizg,, If P is positive and large enough,

JAP

< 0,
ou
otherwise
D
oA > 0.
ou
Figure 2.6 shows the effects of a change am the damage-constrained problem, assumjpg P i
positive. The inner iso-expenditure cur\@e R and iso-expected-de[m%ge represent the original case,
and the outer pair,'}? arlﬂ|a , represent the situationcaftereases. This time, three different

effects can be identified. The first is the damage-shift effect. As was the case with interim damages, the
increase inx shifts the iso-expected-damagarve outward sdhat more resources are required to
maintain the same level of expected damages. (Again, the two mQC/)es D|aland represent the same
level of expectedamages.) This requires that mveve to a higheiso-expenditure curve,'ﬁ% . This

effect tends to increase both prevention and treatment. At the same time, the damage-substitution effect
tilts the iso-expected damage curve so that it becomes flatter. This also tends to increase treatment but
tends to decrease prevention. The third effect is a resource-substitution effect. The chavtgécis

the iso-expenditure curve so that the rate of substitution between prevention and treatment changes. In
the absence of a constraint on expected damages, the increaseuld cause th&so-expenditure
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FIGURE 2.6 Effect of an Exogenous Increase in the Probability of llilness on the Damage-Constrained
Problem

T

A=A

curve to tilt inward, resulting in a higher level of expected damages (a lower iso-expected damage curve).
However, the expected damage constraint does not allow that, so that the iso-expenditure curve merely
rotates, rather than tilting inward, remaining on the same iso-expected damage curve. The direction of
the resource-substitution effect depends on which way and how much the iso-expenditure curve rotates.
This is determined by the size giP . JAP is large, the iso-expenditure curve will get steeper, and the
resource-substitution effectivadd tothe damage-substitution effect's tendency to decrease prevention
and increase treatment. [f£ is small (or negative), the iso-expenditure curve gets flatter as it rotates,
tending to decrease treatment and increase prevention. If this flattening effect were large enough, then
the combination of the resource-substitution effect and the damage-shifiveffddtdominate the
damage-substitution effect's tendency to decrease prevention, and prevention would increase. Otherwise,
the damage-substitution effect would dominate, and A will decrease.

In the diagram, the second iso-expenditure curve is showrilagtbethan the original, but only flat
enough so that prevention doesn't change (P positive and snsiuld be easy to see that if it were
to get even flatter, prevention would go up, and if it were to get any less flat or steeper than the original
iso-expenditure curve, then prevention would go down.
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Under the resource-constrained criterion, the problem becomes:

(35) Minimize P(ez, A) D(T)
T,A

st. A + P(e, AT < R.

This yields the first-order conditions:

(36) R-A-PaAT =0,
(37) P.D -y (1 +P,T) =0, and
(38) PD’ - yP = 0,

and the comparative static:

JAR ) PaTPD”(l + PAT) + PZPaA(D - AT) and
ou |Hg|

aTR _ -(D - AT)(PP(1 + P,T) + P,TP,)
o Hg|

where|Hg| < 0. As in the damage-constrained problem, the signs of the comparative statics depend on
the size and sign of the cross-partigd P . If it is positive and large,

R R
oA <0 and o < 0.
oo oo
If it is positive and small,
R R
A" o sl but T 50
oo oo

Figure 2.7 shows the effect of an increasednon prevention and treatment in the resource-
constrained problem. The outer iso-expenditure ClIRVO% _and iso-expected-damagechurve D
represent the situation before thange inx, and the innepair R|, and lﬁ , represent the situation
after the change, wheR o aqual represent the same level of expenditures. Again, three effects can
be identified. First, the resource-substitution effect again rotates the iso-expeanditajthis time
flattening itunambiguously. Unlike the previous case, becaudeubEof expected-damages is not
constrained, the resource-substitution effect is accompanied by a resource-shift effect. This is analogous
to the income effect in standard microeconomic theory, as the increase in P raises the expected price of
treatment. The resulting decrease in purchasing power rhakeprevention and treatment less
affordable, so that they both tend to decrease. Sestenent is now more likely to be needed, the same
actual levels of prevention and treatment result in a higher expeettdf expenditures, so that a
reduction in both is required to satisfy the resource constraint. The combination oiitheffects
results inthe newiso-expenditure curve. At the same time, the damage-substitution effect flattens
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FIGURE 2.7 Effect of an Exogenous Increash@Probability of lllness on the Resource-Constrained
Problem

out the iso-expected-damage curves, so fhat D is flatter than D . This adds to the resource-shift effect's
tendency to reduce prevention, but moves treatment in the opposite direction, tending to increase it. If
the resource-substitution effect is lasg@wugh, when combined withe resource-shift effect, it will

dominate the damage-substitution effect's tendency to increase treatment, and treatment will fall. If not,
the damage-substitution effestll dominate, and f will increase. The diagram is drawtha

treatment does not change, but it should be clear that a larger rotation of the iso-expenditure curve will
cause R to fall, and a smaller rotatiwii cause R taise. There is no damage-shift effect in this
scenario because the resource constraint keeps expenditures from increasing, so that there is no outward
shift in the iso-expenditure curve.

Uncertainty
Many elements of the food safety problem are characterized by uncertainty. One important source

of uncertainty is the effectiveness of the means used to reduce the expected damages caused by
foodborne illness. Using a methfidt introduced by Lichtenberg and Zilberman (1988) and further
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developed by Lichtenberg et 4l1989), thissection examineshiow uncertaintyegarding the
effectiveness of treatment in reducing damages affects the efficient allocation of reseuvees
prevention and treatment. This "safety rule" approach allows for "uncertainty-compensated tradeoffs
between risk and social cost ... reflecting both uncertainty about risk and decision-makers' preferences
regarding that uncertainty" (Lichtenberg et al. 1989). Under this approach, the policymaker sets a risk
standard and a safety marginexpressed as a percentage. The object is to ensure that the risk standard
is violated no more than Jp-percent of the time at a minimum cost to society.

In the original model by Lichtenberg and Zilbern{a@88),and in subsequent applications by
Lichtenberg et al(1989)and Harper and Zilbermgh992),the random variable of interest is the
probabilitythat arandomly selected individual will experience some adverse health effefiked a
maghnitude; there is no possibility for treatment or remediation. Additionally, their models consider
several parameters of which overall risk is a multiplicative combination. The assumption is that these
parameters are distributed lognormallytkat thelog of health risk is the sum of the logs of the
parameters. In the problem considdretke, the random variable is the level of expected damages. The
distribution of this random variable depends orléhel oftreatment. Instead of a probabilistic risk
standard, the policymaker chooses an expected damages standatdalzxpected damages should
exceed Dhot more than 1p percent of the time. Rather than consider several sources of uncertainty,
here we focus only on uncertainty regarding the effectiveness of treatment in reducing damages. As a
result, there is no need &@sume a lognormal distribution, and we assume instead thdzntiage
function is distributed normally about some mean. Additionally, the original models and applications
assume that some parameters affect mean risk more thanigimee of risk and that the opposite is true
of other parameters. Here, we asstina¢ the variance of damage%, is constant, and that only the
mean of damages, W(T), is affected by treatrifent.

Formally, in the context of our model, the safety rule approach can be expressed as:

(39) Pr{P(A) - D(T) > D} <1 - p.

Because damages are normally distributed, possible to express this in terms of thean and
standard deviation of damages:

(40) P(A)U(T) + Z(p) - o] < D,

where Zf ) is the critical value of the normal distribution that is exceeded with probability 1 -

Rather than minimizing sociabsts subject to a constraddtermined by the safety rule, as was
done in theoriginal safety rule models, tmodel here will focus only on the resoummmstrained
problem. Assuming that (39) holds with equality, we consider two different objective functions that are
minimized with and without the resource constraint. The first objective is to minimize the probability
that the given standard, 3 violated, and the other is to minimize the standard (making it as stringent
as possiblevhich will be violated 1 p percent of the time, where is taken as given. We then
examine how an exogenous change irstaadard deviation of damagesaffects the allocation of
resources between prevention and treatment. Again, resulés confirm our initial intuitiomvhile
others do not, and the results are shown to depend upon which criterion is used.

Minimizing the Standard
As mentioned above, in this formulation, the objective is to find the most stringent standard that can
be expected to be satisfied a given percentage of the time. This may seem the opposite of how standards

are set in real life situationbut this formulation iffective in demonstrating the sensitivity of the
comparative static results to model specification. The unconstrained problem is to

37



(41) Minimize D = P(A)[u(T) + Z(p) - o].
AT

This yields the first-order conditions:
(42) P - (L +Zo) =0=P =0 and
(43) Pu =0=p" =0.

These simply require that prevention and treatment be used until the probability and mean damages of
an illness can be reduced natfier. It should be clear that this must be the case. In the absence of any
cost considerations in the objective function or througmatraint, the marginal cost of both prevention
and treatment is zero, and they witith beemployed until their margindlenefits are also zero. It
should also be clear that the variance of damages has no effect on the equilibrium levels of prevention
and treatment.

With a resource constraint, the problem becomes:

(44) Minimize D = P(A)[u(T) + Z(p) - d]
AT

st A+PQA) - T<R.

Assuming that the constraint holdgh equality (andsuppressing arguments for ease of exposition),
this yields first-order conditions:

(45) R-A-P-T-=0,
(46) P"-M+Z-0)-A2+P -T) =0, and
47) P-pw-2-P=0,

wherel is the Lagrangian multiplier. These yield the comparative static results

2 _ 1
oA _ PZP o g 8T L PZPAPT) o

30 [H] 3o H,|

where|H,| < 0.

Figure2.8 shows how an increase in the standard deviation affects the choice between prevention
and treatment. The iso-expenditure curve is drawn and labele&sn the resource-constrained
version of the interim damage case, only one effect exists. Because the chashggsimot affect the
relative “prices” of prevention and treatment, there is no resource-substitution or resource-sHift effect.
Because the constraint on resources means that the iso-expenditure curve does not shift outward, there
is no damage-shift effect either. The only effect that still exists is the damage-substitution effect which
makes the iso-expected-damage curve steeper, rotating from B to D , so that equilibrium treatment falls
from T; to T, and equilibrium prevention rises fromy A tg A . This is consistent with intuition in that
we would expect an increase in the uncertainty regarding the usefulness of one of our tools to reduce the
extent to which it is employed. As the effectivenesseaitment becomes more uncertainweeld
expect that society would be more reluctant to rely on it, thus shifting resources toward prevention and
away from treatment.
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FIGURE 2.8 Effect of an Increase in the Variance of Damages Given a Resource Constraint and a Fixed
Margin of Safety

T

-
18]
-k -

A, A,

Minimizing the Probability of Exceeding the Standard

In this scenario, the policymakers have chosen some minimum level of expected damages to serve
as the safety standard, and the objective is to choosedlsedéprevention and treatment that minimize
the probability that the standard is violated. The objective function is to:

Minimizep = 271
(48) AT

D - P - u(D)
P(A) - o

st. A+ P(A) - T <R,
or, equivalently,
. D
49 Minimize —— -
(49) PSS H(m)

st. A+ P@A) - T < R.
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It is clear from (49) that under this criterion,

Thus,with this formulation, an increase in uncertainty regarding the effectiveness of treatment has no
effect on the amount of resources invested in prevention or treatment.

These results are less intuitive at first glance. Figure 2.9 shows the distribution of expected damages
in the absence of any preventiont@atment and the distribution after prevention and treatment are
employed(but beforec increases). Prevention and treatment are used to shift the distribution of
expected damages downwdial the left) by decreasing the probability of an illness occurring and by
reducing the mean of damages if an illness does ottis.has the effect of reducing the area of the
distributionwhich liesabove the expected damage standard,Fiyure2.10 shows the left most
distribution from Figure 2.9 before and aftancreases. The increasesinvidens the distribution, so
that a greater area of the distribution is abovéHdwever, prevention and treatment can do no further
good in reducing this area, because they have already Hiéftdistribution as far left as possible, given
the resource constraint.

FIGURE 2.9 Distribution of Expected Damages Before and After Treatment and Prevention Are
Employed

e___
/ )
P(A®)(T*) POM(0) D Expected

Damages
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FIGURE 2.10 Effect of an Increase in the Variance of Damages Given a Resource Constraint and a
Fixed Level of Expected Food Safety

P(A*)u(T*) D Expected
Damages

Conclusions

While theory suggsts that the use of treatment may be a useful means of dealing with the problem
of food safety, it haseceived very little attentiomdm regulators and theoreticians alike. If society were
risk averse and prevention and treatment were equally effective at reducing expected damages, treatment
would bepreferred. In general, we do not exptwt they will be equally effective, and some
combination of the two is preferredlhis leads us to ask: What is the optimal combination of
prevention and treatment, and what factors affect this combination?

In an attempt to answer these questions, we began by trying first to determine what is the appropriate
definition of efficiency in the food safety context. We fithdit the threseemingly different criteria
considered here are in fact closely related, and each yields a set of solutions that are merely subsets of
a larger family of solutions. All three criteria yield solutions on a common locus of solutions; the exact
location of the solution on the locus dependsvbith criterion is being examined. The resource-
constrained and damage-constrained definitions are constrained versions of the Pareto definition and thus
provide second-best solutions vdiich thePareto definition is a special case. Turning to the factors
which affect the optimal allocation of resources between prevention and treatment, we find, despite the
similarities of the definitions, that the effects of these exogenous factors depend on which definition is
used. While the results may seem to contradict intuition at first, they do confirm microeconomic theory.

Our results suggest, on thee handthat moreattention should be paid to the traddmffween
prevention and treatment and that more attention should be focused on the use of treatment as a policy
tool for reducing the damages caused by foodborne illness. On the other hand, our results show that the
definition of efficiency against which prevention and treatment allocations are judged may play a more
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importantrole than is generally thoughEfficiency is often defined without mut¢hought regarding

alternative definitions or the fact that these alternatives mjiglat different, sometimes opposite,
conclusions. In situationshere exante and exyost variablesare substituted farne another, the
definition of efficiency plays a pivotal role in how allocations are viewed.

Notes

1James Barrett is a Ph.D. Candidate, DepartmeBtafiomics, University of Connecticut and
Kathleen Segerson is Associate Professor, Department of Economics, University of Connecticut. The
authorswish to thank the Food Marketing Policy Center at the University of Conndatidunding
support of this project.

2For a seminal work covering this and other issues, see Raiffa 1968.

3Given linear utility functiongconstant marginal utilities) and the availability of exogenous wealth
transfer mechanisms, Pareto optimality is equivalent to aggregate wealth maximization. See Miceli and
Segerson (1995) and Shavell (1987) for a thorough discussion of these issues.

“4For other examples of this type of formulation, see Lichtenberg and Zilberman (1988), Lichtenberg
et al. (1989), and Harper and Zilberman (1992).

St is also possible to model these choices per unit of consumption or production, which would also
abstract from the consumption decision.

6see Miceli and Segerson (1995) and Shavell (1987) for a thorough discussion of this and related
issues.

/(7a) and (7b) can be shown to be equivalent by comparing the Lagrangians. The Lagrangian for
(7a) is:

A+P@A) T - APA) - D] + A - D,
and the Lagrangian for (7b) is:

A+ P(A) - T+ P@A) - DT - uPA - D] + - D,
or _
A+PA) T+ (@1 -wPA -DM] +p-D.

A comparison of the two Lagrangians shows that the only difference between them is the value of the
multipliers which, of course, will not affect the optimal levels of A and T.

8If the constraint is not binding, (7b) reduces to (3).

9This is analogous to the result that profit maximization implies cost minimization, but cost
minimization does not imply profit maximization.

19fD > D", the constraint in (7a) is not binding and the solution is identical to the Pareto optimal
solution.

IAn alternative is to specify a constraint that requires the sum of actual expenditure on both (A +
T) to be less than or equal to the resources available. However, under such a constraint, resources would
be "wasted," i.e., the constraint would not be binding, if no iliness occurred and thus no expenditure on
treatment was needed.

12We makethis assumption in order to consider exogenous increaseslé@vehef uncertainty.
Alternatively, we could specify? = 64(B,T) wherep is an exogenous parameter that shiftgiven T.

13ve would not expect this to be the casedffected P, thus changing the slope of the expenditure
line.
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