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Self-Protection, Risk Information,
and Ex Ante Values of Food Safety
and Nutrition

Young Sook Eom

Over the past two decades, consumers have become increasingly concerned
about the safety afvailablefood and theotential linkage between diet and
health. Traditionally, economists have used observed purchase behavior and
tradeoffs that consumers make in the marketplace as ddyanferences about
consumers' preferences for and (implicit) values of ceidahproducts. How-
ever, health risks and nutritional content anly part of bundles of attributes
characterizindood products. That is, health risks and nutrition are nonmarket
goodswithout directlyobservable price components. Therefore ctihveven-
tional consumer demand analysis may not be dirapgjicable in measuring the
values that consumers place on changésoith safety onutrition components.

In these circumstances, a natural tendency of economic modeling strategy is
to establish some linkage between the nonmarket goods to be valued and
observable market goods or private actions. Indeed, currently available empir-
ical evidence suggests that consumers' concerns about food-related risks seem
to motivate them to undertake some types of protective actions to reduce health
risks (Swartz and StrartP81,Smith et al.1988,Foster and Just989, van
Ravenswaay and Hoeli®91a, Brown and Schrader 1990, Putler and Frazao
1991, Ippolito and Mathios1990, Hammitt 1986, Rae 1987, Zellner and
Degner 19890tt et al.1991,van Ravenswaay and Hoehn 1991b, Conklin et
al. 1992, Eom 1994).

While these studies provide evidence on consumers' revealed or stated
preferences for safer and healthier food, most of the valuation research on food
safety and nutrition has failed facorporate consumers' risk perception
processesito the behavioral framework. In studies investigating consumers'
aggregate responses, risk information was measured using crude proxies such

27



28 Young Sook Eom

as number of news accounts apjmepor dummy variables. On the other hand,

the studies of individual responses assumed that consumers were aware of the
technical estimates of risks with the exception of van Ravenswaay and Hoehn
(1991b) and Eom (1994).

Unfortunately, the objective measure of food-related risk is not likely to be
known exactly, even to scientific exqps. Indeed, prominent psychologists such
as Slovic et al(1985)argue that there is no objective risk. In their view, all
risks are subjective, whether judged by experts or lay people. In the formation
of subjective risks, however, consumeften have imperfect andcorrect
information about the event at risk and seem to be influenced by factors that are
different from those influencing experts' risk assessments (Arrow 1982, Viscusi
and Magat 1987, van Ravenswaay 1991). Recognizing this potential source of
market failure, public information programs—product labeling or hazard warn-
ing—are alternative policy options for government regulations concerning food
safety and nutrition. Growing empirical evidence suggests that consumers can
learn about risks and update their risk perceptions after receiving new
information (Viscusi and O'Connor 1984, Smith and Johnson 1988).

Therefore, a more plausible model describing consumers' behavior in the
presence of food-related risks should begith a formal analysis of thesk
perception process. This chapter proposes to develop such a framework when
consumption decisions must be made with incomplete information about food
product attributes but self-protectiantions to reduce adverse health effects are
available. Interms of the three classes of household health production activities
van Ravenswaay identified in the previous chapter (health maintenance, pro-
tection, and rehabilitation), the theoretical development in this chapter mainly
focuses on househole#ith protection activities to avoid harmful or hazardous
exposure to contaminants, residues, or nutrients.

When we interpret consumers' protective responses to information, it is
important to distinguish between two differemérspectives of valuation
measures—ex ante and ex post evaluation. Consumers' protective decisions
focus on the probability distribution of health effects, not on the realization of
health outcomes, arising from the consumption of certain food attributes. On the
other hand, consumers' behavioral adjustments are undertaken after receiving
(or acquiring) new information abotdod attributes. Hence, the valuation
measures that will be derived in this chapter are ex ante measures with respect
to health risks but ex post with respect to information about food attributes such
as food safety or nutrients.

The next section begins by reviewing the corigeal expected utility theory
as a description of consumer purchase behavior with uncertain product attri-
butes. However, our framework withodify the expecteditility theory to
address criticisms of the conventional framework (Arf®82, Slovic et al.

1985) and il extend it to a self-protectionmdel, allowing adjustments to risks
through averting behavior. Subsequently, we introduce a subjestifre
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protection model by treating the probability function as a subjective risk percep-
tion functionbased on available information. This formulation is static in the
sense that learning is not taken into account. Finally, we introduce multiple time
horizons into the subjective self-protection model to develop an integrated
conceptual framework of risk perceptions, learning, and self-protection actions.
This section also illustrates how information and self-protection can be incor-
porated into a Bayesian learning model. The last section provides some
concluding remarks.

Expected Utility Theory and Ex Ante Value for Risk Reductions

This section outlines a modélat describes a household's preferences in the
presence of uncertain food quality, and uses it to derive monetary measures of
willingness to pay for iuctions in health risks before the quality uncertainty is
resolved. A householdfsod purchasing decisions are made for all members
of the household, so heaithks from food consumption affect the entire house-
hold. However, following Becker's (1974) argument, we assume that a house-
hold decisiorprocess is the same as that of the household head, so that there
exists a household preference that reflects all members' tastes.

Suppose a representative household allocates its given income over the
primary food item(X) and other composite goo(¥). While the household
observes some food attributes (such as color, size, shape, or freshness) prior to
purchase, it does not know which particular "state of health" will actually occur
from the consumption of X. For simplicity, the household is assumed to face
only two states of the world—either the occurrence or nonoccurrence of adverse
health outcomes. Ifit consumes the food item (X) suspected to contain harmful
substances (residues or nutrients) over its lifetime, there is a probalufithe
adverse health outcome. Because heath ffissisified in the previous chapter
(for example, getting cancer or having a heart attack) often involve unique and
irreplaceable losses, the extreme characterization of health outcome seems
reasonable. In these cases, the househafbisned to evaluate consumed food
differently depending on the health outcome, implying state dependent
preferences (Cook and Graham 1977). Thus, the household's state-dependent
utility function can be defined as,(X,Y) if the health event occurs, and as
Ug(X,Y) if it does not occur.

Given the above assumptions, household consumption behavior can be
described as maximizing the following expected utility:

1) Max EU - (1 - m) U XY) + mUy(X.Y).
XY

In the expected utility framework, tipeobability of the adverse health outcome,
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n (i.e., the risk) isknown or objectively given to the househdlor the
household acts as if it were able to attach the exact probability to various pos-
sible states of the world). Thus, the riskjs considered exogenous informa-
tion over which the household has no control.

Following Becker(1965), weassume that the household face¥ud
income" budget constraint, M. The full income constraint is defined as:

2 M=wT+A=(m +w)X+Y=pX+Y

where:
m,: money price of goods X relative to price of Y,
w: wage rate,
t,. time spent for X relative to time spent on Y and assumed to be constant,
py: "full” price of X relative to "full* price of Y,
T: time endowment, and
A: non-wage asset income.

Since a household is assumed to make consumption decisions consistent
with its objective—maximizing expectedtility given the budget con-
straint—solving the constrained maximization problem, equations 1 and 2,
yields the following state dependent indirect utility functions:

3 EU = 2V,Mp) + (1 - 7) V,(Mp)

where \f, (Mp,) =UyX*(M,p}, M - X*(M,py); V¢M.p) = UgX*(M,p), M
- X*(M,p,)); and X* denotes an optimally chosen level of the commodity X.
The state-dependent indiredtlity functions inequation 3 are assumed to be
well behaved and tsatisfy the usugroperties such as nondecreasingness in
Y and convexity in p dV{/cM >0 anddV/op, <0, i=b,g).

It is important to note that risk,, is treated as a parameter, like pricg (p )
and incom&M) in the expected utility function. Hence, marginal willingness
to pay for changes of the exogenaisk can be derived by taking the total
differential of the expected utility function, equation 3. By setting dEU equal to
zero and setting ¢p equal to zero, we can soivéhe income change that
would need to be taken away from the household in response to an exogenous
risk reduction if the two changes are to keep expected utility constant:

vV, -V
(4) M _ b9 = MRS,, .
on VoM + (1 - m)/oV oM "

The left-hand side of equatioR 4 represents a gradient of the willingness to pay
(WTP) risk schedule, which is equal to the marginal value of risk reduction.
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The right-hand side of equation 4 is the marginal rate of substitution between
and M (MRS, ), which is the difference between state-dependent utility func-
tions divided by the expected marginal utility of income. However, it represents
anex antdradeoff between income and risk because the household must reveal
its value forrisk changes before it experiences the adverse health outcomes.
Equation 4 implies that trex antemarginal willingness to pay (MWTP) for the

risk reduction is equal to thex antemarginal rate of substitution between
income and risk. Note that equation 4 vgamnmonlymeasured in job risk
cases to represent the risk-dollar tradeoff selected by a worker (Viscusi 1979).
For the case of the risk of premature death, this ex ante fIRS  represents the
implicit value of one's statistical life. For the case of nonfatal injury, the rate of
tradeoff represents the implicit value of per unit risk of injury.

Self-Protection Model and Ex Ante Value of Risk Reductions

The situations considered in our analysis—consuming chemically contami-
nated food omtake of fat orcholesterol—can be viewed as a case in which a
household can take actions to reduce the food risks. For example, households
could change their food preparation methods (i.e., spend more time in cleanup
or cooking), or could decreaiee consumption of the suspected food items and
eventually shift to foodtems that are viewed to be safer and healthier. In
addition, households could engage in some preventative health behavior such
as having a cholesterol test done or visiting doctors regularly. However, given
the uncertainty of ultimate Héaeffects, any actions undertaken by a household
cannot yield aertaintyof protection, but can only provide the reduction of the
probability of the adverse health outcomes (i.e., the risk).

The recognition that risks can be affected by a household's action stimulated
Ehrlich and Becker (1972) to develop the self-protection model. They argued
that self-protection activities undertaken by a household would shift the whole
probability distribution to théeft to reduce the probability of adverse health
outcomes and raise the probabilitfaforable health outcomes. Therefore, the
household risk assessment wascribed as a function suchmras §(v), where
v is a vector of self-protection actions undertaken.

Our framework analyzing foogurchase decisionfellows Ehrlich and
Becker's view and treats self-protection agpe of avertindehavior. Thus,
the expecteditility framework discussed above is modified describe the
selection of self-protection actions undertaken (v) and how the self-protection
actions would affect the probabilitieg({)). Incorporating the opportunity of
self-protection, the household aims to select the level of self-protection, v, as
well as X and Y to maximize its expected utility as shown earlier:

(%) EU = (1 - %(v)) U(XY) + B(v) Uy(XY).
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The health riskz, is assumed to decrease as the household incresbes
protective activitiesdn/cv < 0). In addition, the household is assumed to know
how its self-protection actions wouddfect therisk function,y(v), as Ehrlich

and Beckel(1972)described. With the above assumptions, the heiglkh
becameendogenous in the household decision process but still remains
"objective" information in that the functional relationship of the nigf), is
known to the household.

The above description of the risk function allows the self-protection model
to adopt the household production framework in the sameasaverting
behavior models (Gerking and Stanlk386,Dickie et al.1987,Berger et al.
1987). Riskgr, is equivalent to a final service flow produced using a vector of
self-protection, v. Self-protection (vhay beconsidered to be household
activities combining the householder's time and other resources (for example,
a change in cooking preparation practices), and the purchase of nondurable
products or services as essential inputs of the production pro&eds.
protection is not a direct source of utility. It only serves to reduce the health risk
(i.e., nonjointness in the household productfon).

Including the "full” price of v, p , the household's "full income" budget con-
straint can be modified from equation 2 to equation 6:

(6) M=wT+A=m +w)X + Y+ (m +w)Vv
=pX+ Y+ pV

In equation 6, the opportunity cost of a household's time spenton v, X, and Y
is assumed to be equal to the market wage rate.

The household production framework enables us to look at a household's
choice problem in a two-stage decision process (Dickie et al. 1987, Deaton and
Muellbauer 1980). Irthe first stage, the household is minimizisegff-
protection expenditures to obtain a given level of health risk such as:

C(p,,m°) = C = min pv

)
s.t. m° = P(v).

This expenditure function has properties similar to a firm's cost function. Itis
positive, homogeneous of degree one, and concaveg, in p . By Shephard's
Lemma, the conditional demand function for self-protection is:

aC(p,,°)
V=—"+ "~
P,

\

(8) = V(p,,8°).
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In the second stage, expectadity is maximizedsubject to the budget
constraint that induces self-protection expenditiresn the first stage.
Substituting equation 7 into equation 5, the Lagrangian is defined as:

(9 L = [1 - §(O) UXY) + (C) UXY) + uM - pX - Y - C].

The optimallychosen self-protection expenditure, C, is to reduce risk but
also to reduce income left over for consumption. Maximizing the expected util-
ity for C, X, and Y subject to the budgeinstraint has the first order conditions:

(10) anloC (U, - U) ~p =0

(11) [(1 - m) dUfoX + maU/X] — pp, = O
(12) [(1 - m) U3Y + maUJ6Y] - W = 0
(13) M-pX-Y-C-=0.

Combining these equations gives:
oc_ 1 WU, -Yy
on  (om/oC) sl

- W, ~ Yy - MRS, .
[(1 - m)(©U/oY) + m(oUJaV)] =

(14)

The first term in equation 14 is the marginal self-protection expenditure
which is observable. The last term is éxeantemarginal rate of substitution
betweent and Y (MRS, ) which is unobservable. Because of the assumption
of the linear budget constraint and the ndized price of Y, the marginal utility
of a composite good Y is equivalent to the margir#ity of income (i.e.,
du;laY = aU,/oM) in each state dhe world (i = g,b). This leads MR$  to be
equal to MRS, . Hence, equation 14 can be rewritten as equation 15:

(15) oC _ )
on  [(1 - m)(©U M) + m(eUJoM)] |

The right-hand side of equation 15 is exactly the same as that of equation 4.
That means we can obtain equation 16 from equations 14 and 15:
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(16) M _oc _ 9Cp,°)

Oom Oom Oom

Equation 16 implies that the ex ante marginal willingness to pay for risk reduc-
tion is equal to the marginal self-protection expenditure of risk reduction. In
other words, the marginal benefit of the reduction in risks is equal to the mar-
ginal cost of producing the same levelmfby increasing the use of v. For
example, the willingness taay forreduced riskdrom Salmonellacontami-
nation can be measured by the cost of additional time that consumers are willing
to spend to preparhicken moresafely(Zellner and Degnet989). In this
framework, the estimation of marginal values of risk reductions requires only
knowledge of household production technology andpitiee of protective
behavior, p , not of unobservable households' preferences (see Smith 1990 for
a more formal discussion of the household production framework).

The second order condition to assuresiimum of expected utility requires
that:

2.
Znu, - uy -2 | D Ml
oC2 8 oC | oM oM
(17)
U U,
1-m S 4 g < 0.
oM? oM?2

In addition to the three assumptions made about the state-dependent utility
functions, theonly restriction required to guarantee inequality in equation 17
would be ¢?n/oC?) > 0.

It is noteworthy that derivation of the second order condition does not neces-
sarily require risk averse preferences. Even though the marginal utility of con-
sumption is increasing (i.€2U/oM?2> 0, i = b,g), there may be cases in which
inequality still holds. Thelesire to undertake self-protection might occur for
risk lovers as well as for risk averters.

Subjective Self-Protection Model and Value of Information

In the conventional expected utility framewarkd self-protection model, the
probability or probabilityfunction of the adverse health outcome was treated as
"objective" information inthat any household facing the sampeoblem will
assign the same probability. However, the uncertain situation causing the
adverse health outcomes is often unique and nonrepetitivéhe&pis little
opportunity to gain the experience thatusually associated with learning.
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Althoughthe risk of short-term acute health problems due to pesticide poison-
ing, for example, is relatively well understood, the risk of health effects posed
by long-term and low-level exposures to food contaminants (such as pesticide
residues) oharmful nutrients (such as fat) are not as well known. We cannot
assume thaanyindividual, whether an informed consumer or a professional
toxicologist, knows the technical risk or how it witspond to averting
decisions. Nonetheless, it is reasonable to expect that a household will have
subjective probabilistic beliefsAny assignment of subjective probability is
permissible, in principle, provided there is coherence in a household's judge-
ment about the relative likelihood of various values of unknown states of the
world (Winkler and Hays 1975).

Each household may perceive a different degrselgjective risks according
to its demographic background, knowledge about the event at risk, and past
experiences with similar situations. These factors will serve as a set of infor-
mation, |, to the household in the process of forming risk perceptions at a point
intime. Thus, incorporating information, a household's subjective risk percep-
tion can be defined as:

(18) 7 = P(vl)

where v denotes a vector of self-protection actions, and | represents information
available to the household. It is assumed that information, | in equation 18, is
exogenously provided and thus is not subject to the household's choices and
does not explicitly enter the budget constrairtierefore, while risk perceptions
become endogenous outcomes, information is still considered an exogenous
factor in the household decision process.

At the beginning of each period, a household is assumed to sakke
protection decisions and consumption plans X and Y, given a set of available
information about the uncertain event. A household's objective function can be
written as:

(19) EU = (1 - ¢(vl) UXY) + d(vl) Uy XY).
Following the analysis discussed earlier, the household's constrained expected

utility maximization problentan be stated equivalently as equation 20 in terms
of state-dependent indirect utility functions to yield:

(20) EU = (1 - llj(pvvl)) Vg(Mva + llj(pvvl) Vb(Mva)

where \p (MP,) =S 0xx(MP), - XEMP )V v ) = U s Mipy, M

- X*(M,p,); w(py,l) =w(CH(p,,1, %) = w(p, v*(p,,1,n9); and X*, Y*, and v*
represent the optimally chosen levels of X, Y, and v.
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Because of the exogeneity of information at epetiod of consumption
choice, marginal willingness toay for additional information agatan be
derived by taking the total differential of the expected utility function, equation
20. The change of information that we consider is not complefeabtigl! in
the sense that the information affects househnilsperceptions while still
leaving some uncertainty present. By setting dEU = 0 and holdjng dp, =dp =
dn = 0, we can solve for the income change that would be required in response
to exogenous additional information to keep expected utility constant:

A (1 -m VM + TV oM Al Mo

(21) oM _ \ Vg N om MRS Oom

Compared with the valuation measureisk reductions derived in equation 16,
the expressions in equation 21 measure the marginal willingngsy tor
information about health risk, reflecting individuals' incomplete knowledge
about the risk. Consumers' risk perceptions ear@ogenously determined
through the houselid health production activities in response to an exogenous
change in information about the risk. In this subjective self-protection model,
what consumers are evaluating is not food attributes (such as health risks) but
information about the food atttites. Thus, the valuation measure of additional
information in equation 21 captures both the direct effect of information on risk
perceptionsdr/cl) and indirect effects through marginal values of changes in
risk (MRS, ;).

Using the results of equations 14 and 15, which equate jRS  to marginal
self-protection expenditure, the specification of equation 21 can be reduced to
equation 22:

22) M M am _C om_ dC
ol on ol on ol ol

The first and last terms in equation 22 state that the marginal value of additional
information equals the marginal cost of information in terms of the reduction in
self-protection expenditures.

Since in the household production framework, whatever level of risk per-
ception chosen in the expected utility maximization process must be produced
at minimum cost, self-protection expenditure consists of C¥ =, wtp. I,
Taking the total differential of the self-protection expenditure function C*, the
third term of equation 22 can be re-stated as equation 23:

(23) oC omn _ omlol _dC

on ol omlov Y Al
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Substituting equation 2i8to equation 22 gives the expression for the marginal
value of information as:

(24) oM _ oml/al _ oC

ol omlov VAl

Equation 24 shows that tlex antemarginal willingness to pay for additional
information is equal to the marginal cost of achieving the same leviskof
perceptions®, by increasing the self-protection expenditurg C. Againgthis
anteMWTP expression does not require that we observe the ex ante MRS but
can be derived with knowledge of the technical relationship between informa-
tion and self-protection actions in the risk perception functions (see Gerking and
Stanley 1986 for parallel results from averting behavior models with certainty).
Marginal WTP for new information in equation 24 deserves further expla-
nation. First, a household's ex ante marginal willingness to pay will be higher
as its "full" price of v, p (mainly the opportunity cost of its time) is higher and
its marginal productivity of v in risk perception&r{cv) is lower. Equally
important, ex ante MWTP will be higher for those households in which new
information has greater impact on risk perceptiomsdl). Based on the result
of equation24, amore educated and/or more experienced household may
expresdower WTP in response ttew information about health risks. This
possible connection between individuals' demographic profites the
acquisition of and use of information hasen recognized by economists for
some time. For example, Grossmé®72) hypothesized that schooling
increases the efficiency of househbihlth production, and therefore that better
educated individuals may react to fisformation differently from less educated
people. Kenkel (1991) empirically found that education levels reflected in the
number of years of schooling helped individuals to undertake more preventive
actions by improving their knowledge of the relationship between protective
behavior and health outcomes.

Self-Protection Model with Learning and Value of Information

The analysis developed above incorporated self-protection and available
information into the risk perception process. But the process still is "static"; it
gives an account of effectsinformation on risk perceptions at a given point in
time but does not describe how a household acquires and uses the information
over time. In practice, the household takes self-protection actions while it
acquires more information (through product labeling or new media reports) and
learns about the risk. In this situation, the household's objective function at any
time period t =i is equal to equation 25:
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(25) EU, = (1 - $(v,1)) U0G0Y) + (vl) UX,Y).

The difference between equations 19 and 25 is that the acquisition of informa-
tion in equation 25 is a part of the household's optimizing choice at a particular
point in time, whereas information available in equation 19 was exogenously
given.

Since risk perceptions are endogenously determined, observed outcomes at
time t = i—subjective risk perceptions and household behavioral decisipns (X *,
Y;*, and y*)—reflect influences of both the acquired information and the
feasibility of self-protection. If so, it will be a difficult, if not impossible, task
to sort out the effects of information and self-protection on risk perceptions and
behavioral decisions in timelessexpectedutility framework. Hence, some
restrictions on this integrated framework are required to separate the relative
influence of acquired information and self-protection on risk perceptions from
that on averting behavior decisions.

Before proposing an integrated framework, consider first a simple Bayesian
learning model in which households update risk perceptions by observing
additional information in the form of nelabeling overtime (Viscusi1989).

For the sake of simplicity, we formulate the risk perception process only before
receiving new information about food-relatedks (i.e., t = 1) andhfter
receiving new information (i.e., t = 2After receiving new labeling information

at t = 2, the household will update its risk perception, which can be described
as a reduced form:

(26) T, = o

where
n,. a household's perceived risk after receiving information,
n4 : the perceived risk before receiving information,
ne sample risk inferred from risk message,
a; (i=1and s): the weights for the risk perceptions.

The posterior risk perception in equation 26 is a weighted average of prior risk,
n,, and "sample” riskg ;© The weights capture the household's assessment of
the relative precision of the underlying true distribution of the risk. The
Bayesian updating rule implies that thewould be positive and the, would

be 0 <ag < 1.

To develop an integrated modeling of averting behavior and learning over
time, consider one way self-protective actions that can be incorporated with the
Bayesian learning framewoudescribed as equatid@®6. Incorporatingelf-
protection into the Bayesian learning framework, the househmids risk
assessment at t = 1 would becopge,), where \ is a vector of self-protection
undertaken att = 1.



Self Protection, Risk Information, and Ex Ante Values 39

Assume that the functional relationshjfv) is known andprocessed
recursively. As Crawford1973) has shown, the recursive notation of the
information set at time t = 2, | , can be written as follows:

(27) L, = h(l,(v,), )

wherenagain denotes the "implicit* sample risk obtained through the product
label, |, designates a set of information available at time t = 1,;and v denotes
the level of self-protection chosen att = 1. The h(.) function in equation 27 can
be interpreted as an updating rule.

With new labeling information similar to that hypothesized to underlie
equation 27, posterior risk perception is determined to be:

(28) T, = P(Vyl,) = am(v) + am(v,) .

As we see in equatia?B, the household's new information would alter its
risk perception. It does not affect its perception of the effect of self-protection
on the parameters of risk assessment. In this specification, learning becomes a
part of a household's decision-making with risk. However, it is still separately
processedrom the householdisehavioral decisions (i.€'exogenous” learn-
ing). In other words, a household's decision-making with learning becomes a
sequential process; the amount and framing of information lead to revisions in
a household's risk p@ption tor,. Then, the household makes self-protection
decisions, y , using,| .

With this background, we now attempt to develop an integrated framework
describing the interaction between risk perceptions, learning, and behavioral
decisions. To link the information acquisition and leaning processes, the self-
protection model developed earlier is extended to a two-period context in this
section. With the extendéitine horizon for decision making, a more explicit
consideration can be given to the way posterior risk perceptions are influenced
by information as well as self-protection actions, and how learning takes place
overtime

Households' preferences are still represented byvtiee Neumann-
Morgenstern utility function, U(X , X ), where X =x (% ,.x ), t=12isa
vector of disaggregated consumption goods at timeli2= Thus, state-
dependent utility functions, {J (X X ) and,U {X,X ), in this final model
combine Cook and Graham(4977) single-period state-dependent utility
function with Epstein's (1975) two-period specifications.

To implement the model, several assumptions must be made: first, risk per-
ception,n,, and optimal averting expenditure; C , at t = 1 are assumed to be
known. Sowhen behavioral response to uncertainty takes place in the second
period, n, = ¢(G ) is used as a prior risk perceptiontiie posteriorisk
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perceptiongy,. Second, second-period price and income are known with cer-
tainty. Householdavings, S, result in certayiields (1 +r)*S at't = 2, where
ris an interest rate. Third, households still are assumed to be engaged in a two-
stage decision process according to the household production framework.
The objective of the two-period model is to investigate how uncertainty
about risk accompanied by the opportunity for learning influences the optimal
consumption plans and self-protection decisions. Households in this framework
select optimal levels of averting expenditurg, C , levels of savings, S, and con-
sumption levels for X and X .
Following Epstein (1975) and Chavas et al. (1986), the household's expected
utility maximization problem can be written as:

(29) Max E, = [EU)]
XpS*oV,

(30) EU2 - [1 - 1|J(V2,|2)] Ug(xlvxz) + 1|J(V2,|2) Ub(xlvxz)

where E denotes the expectation operaR8fittional on information available
attime t = 1. The household's budget constraint at each period would be:

(31) M, -p,/ X +C, +S att-1
(32) M2+(1+r)*S:pxz’XerC2 att=2

where M afl M, are the household's fuldmeet ¢ = 1 and t = 2, respectively,
and pxt’ , t=1,2 is &ector of prices of goods includirigne costs as well as

money prices.

In the first period, the househdids imperfect knowledge about the risk but
has subjective prior beliefs. tlie household has an opportunity to undertake
self-protection, € , and acquires new information through product labeling or
public provision, the household will form thentral tendency of the distribution
of posterior perceived risk based on a Bayesian framework.

A backward induction method is used to solve this sequeprtidllem
(DeGroot1970). If ahousehold receives new information about food-related
risks during the first period, then its risk perception would be updated according
to equation28. Because dhe "exogenous" learningrocess structured in
equation 28, the set of information available when the household makes choices
over X, and ¢ att=2; |, can be treated as an exogenous factor. So, the
second-period choice problem becomes:
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(33) EU, = Max (1 - ) U (X, X)) + m,UL (X} X)
XCy

(34) st m, = W(Cyl,)

(35) M, + (L + r)=S = pxz’ X, +C,.

Note that the choice of,v in equation 32 is cdkffé (0 the choice of G n
equation 34, because our framework is still based on the household production
framework. To take advantage of the interrelationship between periods, first
order conditions are solved using the Lagrangian:

ou
(36) 1 - m) ax: +n28—x:fu2pxz’ =0
orm
(37) —2U,-U) - =0
ac, = ° )
(38) M2+(1+r)*Ser2’X27C2:O.

Manipulating first order conditions will yield marginal conditions similar to
those in equatioi4. However, the expectadtility function at t = 2 is maxi-
mized given X . Thus, the expected value of the marginal utility of incogne, p ,
is also a function of X . The solution of equations 36-38 will be:

(39) X = XXy Py My + (L + 1)+S m))
(40) C, = C(C, Py, P 75)
(41) My = Hy(X, Cpy p,, M, + (L + 1)+S m)).

Substituting % * al C,* into equation 33 yields & € ante variable indirect
utility function conditional on X , S, andC :

(B3) EU, = [1 - $(C(1 )] Uy(XuXs) + W(C; (1)) Up(X,X;).
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The variable indirectitility function was defined b¥pstein(1975)and was
applied by Chavas et al. (1986) to derive the option price.

In the first period, the household chooses its optimal level of consumption
Xy, and savings, S, given averting expenditurg, C , provided that X and C are
determined in the optimal manner in the second period. However, the current
consumption decisions att = 1 must be made subject to uncertainty about future
risks. The first-period choice problem is to:

(42) EU, = Max E[EU,]
X;,S
(31) st. M, = rxlxl +C, +8S

Using the envelope theorem, first order conditions are:

U U
(43) E/1-m) —2+m, —2 - up,'|=0
2 axl 2 axl 1 Xy
(44) Myt E1(“2) (1 +r)=0
(45) M, - p,/% ~C, ~S-0.

The first order conditions, equations 43-45, can be solved for the optimal level
of current consumption, ;X * and savings, S*, where X * ¢ Xl(Ml’, Ty,

and S*=S(MM p, " ,n2)

Substituting X * and S* into equation 3@ields an ex ante unconditional
indirect expected utility function such as:

(46) EU, = [1 - (G (] VX X)) + W(C; (1) Vy(X( %)

» X r,m,.
where X' = 1tVI1,pX1, oL
r, 1,°).

Substituting equation 46 into equation 42 will lead the first period
maximization problem to equation 47 in terms of the ex ante indirect expected
utility function:

nd X« _X M xS,
a P

= 2 1 2+ (1 + r) Xl! pXZ/ I
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EU, = E{[1 - (G (I V(X[ %) +

V(G (1)) V(X[ X}

(47)

Taking total differentials withhespect toJ while Hging ELi constd™t: the

marginal willingness to pay for infortion, |, , which is chosen and paid at time
t = 1 will be given as equation 48:

(48) oM, i E,[((0n,/0C)(6C Lol )(V, - Vg)]*pxl |

A, B - m)aV oM, + 1,0V, /oM]]

Using the first order conditions, equations 37 @Bdand the assumption of
linear budget constraint at each period, equation 48 can be simplified as
equation 49:

(49) aIvll _ El[IJ’ZCZI]

ol, Hy

where G, <9C, al) arfl B, arfl K, are expected valuesgarginal utility of
income at t = 1,2. Thdetailed properties of these terms are illustrated by
Chavas et al. (1986). The left-hand side of equation 49 represents a change in
the first-period income that must be takamay inresponse to additional
information to keep a household's expeatélity constant. The additional
information acquired during t = 1 does not resolve the uncertain nature of risk
attime t = 2m,. Since we focus oex anteMWTP which is paid at the first
period, the posterior risk perception att = 2 can be viewed as the expected value
of future risk perceptions suchag= E;[{(I,v)]. As aresult, gand C,, in
equation 49 become random variables when evaluated at time t = 1, which are
functions ofr, as wellas M p, , and so on.

If the MWTP was paid, we obtain, = (1 + r)from

o : N ; equation 44.
Substituting this expression into equation 49: g

oM CoOMp.,, C
(50) P 1 E,(C,) + M
a, (L+r) W,

where CoV(y C,)) is the cova@nCe between p 5n d C - gince We are
dealing with two states of the world and the perceived tigkat time t = 1 is
assumed to be known, equation 50 can be reduced to:
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(51) M1 G COM, G
a, @+n a, m

Equation 51 suggests ththe ex ante marginal willingness to pay for additional
information is equal to thiiscountedmarginal self-protection expenditure plus
an adjustment term.

Now suppose that the amount of MWTP is chosen at time t = 1 but paid at
time t = 2; the marginal willingness to pay becomes:

M, oM
6 M M 4 G COMLCG)
3, a, al, m

As we see in equatioB2, the MWTP for information with learning is
represented by the sum of the marginal reduction of self-protection expenditure
due to improved information plus an adjustment term. The second term in
equation 52 was not included in the willingnespay measure derived in a
timeless framework (see equatidf). This adjustment terrmay reflect the
influence of second-der uncertainty on consumers' decision making related to
food risks. In other wals, the term may reflect effects of learning over time on
households' ability to make better consumption decisions, which may result in
reallocations of their constrained resources.

As shown in equatioB2, the sign and magnitude of the adjustment term
depends on how the marginal utility of income in the second period moves with
changes in the protective expenditure due to new informationQav(1y,

C;,)) and households' internal time preferences, which are embedded in the
marginal utility of income irthe first period, g . Because the expected value of
marginal utility ofincome at t = 1, y , is greater than zero, the sign of the
adjustment term depends on the sign of the covariance term, GO}(u ,C ).

Following the result proved by Chavas et(4B86)/ the adjustment term
in equation 52 can be shown to be positive. The specification of the Bayesian
updating rule in the subjective self-protection model, equa@iheads the
covariance term to be:

COMu,, C,) > 0 because

(53) ,

v, oV
S8 (V- V) >0,

oM, oM,

3

Oy *

Therefore, a relationship between the MWTP without learning and with
learning can be derived from equations 24 and 53:
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- S
ol, My

(54 | M| [ oc|,| 8| | M,  COMUy Cp)
al al al,

Equation 54 concisely summarizes the difference between values of infor-
mation with and without the learning opportunities. In response to new infor-
mation, the marginal changes of self-protection expenditure without the learning
opportunity (the second term in equation 54) is greater than those when house-
holds have opportunities to learn about the uncertain event (the third term in
equation54). Ashouseholds learn more about health risks arigorg food
contaminants or nutrients, they may recognize that they do not need to spend as
much on protective expenditures as before to achieve the same level of risk.
The consequent reductions in protective expenditure would allow households
to have more disposable income that can be reallocated to other consumption
activities.

This interpretation of the adjustment temay provide an explanation of
consumers' strong reactionstdremely low but unfamiliar food risks (e.g., the
Alar scare). If a houbeld has to take self-protection actions in a single period
context, while the process underlying food-related risks is involved in multiple
time periods, then the household may show alarmist reactions and overestimate
its tradeoffsbetween risk and income. This result in equation 54 is also
consistent with the empirical findings of market experiments (for example
Camerer1987), where individuals' learning opportunities, gained through
experience and better information, reduced biases in market prices with regard
to the predictions of a Bayesian model.

Concluding Remarks

This chapter was motivated by observations suggesting that food-related
risks (either arisindrom food contamination or dietatyabits) are not well
understood by consumers. Nonetheless, consumers seemed &eltake
protection actions to reduce the risks while learning more about risks in
response tmew information. To describe such situations, | developed a
conceptual framework investigating the effects of information and learning on
consumers' protective behavior. The framework incorporating the learning
procesdlid not change thbasic structure of the expected utility theory: self-
protection and consumption decisions tféct utility directlyare separated
from the processes of risk perception and learning. As long as we can identify
protective behavior undertaken specifically to reduce health risks, the values of
risk information could be measurdbm the knowledge of the technical
relationship between risk and self-protection action, which is observable in
principle. This three-way connection—perceptions, learning, and behavior—
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clearly has important implications for governmental effortadaress market
failure associated with the provision fofod safety andhutrition. Greater
understanding on the part of consumers, based on learning opportunities, may
reduce the degree of overestimation of small risks, as reflected in smaller self-
protection expenditures.

Unfortunately, the empirical implementation of the conceptual framework
developed in this chapter requires intensive data collection efforts. Required are
household-level primary data on patternfoofl consumption and expenditures,
time allocations including different cooking and shopping activities, wage rates,
and the priceand quantities of protective behaviors, along with measures of
levels offood attributes (such af®od safety andhutrition) consumed by the
same households. In addition, talarstand households' learning processes, we
need to accuratesicit consumer perceptions about food attribbiefreand
after receiving new information and tleéfect of changes in perceptions on self-
protection activities.

To date, the valuation research relatetbtul safety andhutrition largely
utilized three different dataources in various empirical applications: (1)
consumers' revealed responsegotm attributes or information about food
attributes in actual market-based situations (hedonic prialysis, quality-
augmented product demand arialyg2) consumers' stated purchase intentions
or expressed willingness fmy for safer products in hypothetical market
situations (contingent valuation method, conjoint analysisj3)laboratory
experiments involving purchase decisions on attribute-differentiated products
(e.g., Vickery sealed-bid auctions).

Moreover, most of this empirical research has considered the three aspects
of food safety economics— perceptions, behavior, and valuation—as separate
alternatives. One line of research focuseshi@m best to elicit consumers'
perceptions offood risks andhow to examine the influences of socio-
demographic characteristics on consumers' attitudes toward certain food
attributes. Other researchers emphaisiestifying the existence of a linkage
between nonmarkdbod attributes and observed self-protection actions by
analyzing consumer demand for attribute-differentiated food products. Others
attempt to estimate values of certéond attributes or willingness tpay for
safer products.

One direction that future valuation research can take to meet intensive data
needs is to examine the possibility of combining different sources of behavioral
responses in a utility-theoretic consumer chaicedel such as the one
developed in this chapter. For example, consumer preferdoicdsod
attributes can be jointly estimated by usibgth actual market demand
responses for food products and contingent behavior responses to information
about food attributes. Thimmposite research strategy will exploit individuals'
behavioral "windows" more completely and thusvyide more reliable measures
of the value of information about food safety and nutrition.
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Notes

1. This chapter was taken from research done for my dissertation at North Carolina
State University. | am indebted to V. Kerry Smith for insight#od constructive
suggestions on earlier versions of this paper.

2. Since M anat changed while p remained constant, the total differential reduced
to a partial differential. Thus thepartial derivative irequation 4,d{M/ax) is equal to
(dM/dr) given ¢ constant. This interpretation is applied to the discussions throughout
this chapter.

3. Thistype ofswitching behavior entails discrete choioghjch result in corner
solutions for food consumption deoiss. Eom (1994) describes a discrete choice model
in a situation involving risks from pesticide residues on fresh produce.

4. Perhaps this nonjointness assumption in the household production framework
may be equivalent to theeparabilityassumption between exposure to pollutants and
unobservableandomness affecting health, which permitted Quigb@92) toderive
some positive results in applying self-protection models. As a result of the nonjointness
assumption, ouanalysis excludes certain preventive health behaggoich as regular
physical exercise) that improve households' general health conditions as well as mitigat-
ing the adverse health outcomes associated with particular food contaminants or
nutrients.

5. When changes in expenditure on marketed protective behavior are used to
measure individuals' values annmarket goodsuch asisk information, wehave to
recognize that there are thrpessible measures{1) the change in expenditure on
protective behavior, v, given a constant income, M, (2) the change in expenditure on v
to hold the final service flows, constant, and (3) the change in expenditure on v to hold
expected utilityEU, constant. Thehird measure is a correct measuréndfviduals'
willingness to pay for the change in an exogenous factor, . In the case in which a pro-
tective behavior, v, is a perfect substitute for the exogenous factor, I, the second measure
will be equal to the third measure. However firg¢ measure is not the same as the third
measure because of the income reallocation associated with the change in | (see Smith
1990 for details).

6. More specifically, Viscusi and O'Connor (1984) assumed the random event (the
occurrence of the adverse health outcome) follows the sequence of Bernoulli trials and
prior risk perceptions follow beta distributions. The beta distribution is quite flexible and
can reflect a variety of skewathd symmetric shapes by varying the parameters of the
distributions (Winkler and Hays 1975). These properties are useful to explain the self-
protection model.

7. Chavas et al. (1986) proved that the covariance (COY(u ¢,),C (popitve
if [(apfoly) * (8C, 2l )] is positive.
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