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1, Introduction

In this paper we define a technology to be the relationship between an
agent's actions and the associated probability distribution of outcomes,

Models of the principal and agent problem usually include either the assumption
that agents have identical technologies (e.g., Harrié and Raviv [1978], .
Holmstrom [1979], and Shavell [1979b]) or, if they differ, asymmetric
information persists so that each agent knows all relevant parameters pertaining
to him but principals are not privy to this information (e.g., Rothschild

and Stiglitz [1976], Wilson [1977], and Spence [1974]). In this paper it is
assumed that technologies are not identical across agents and that information
concerning these differences is symmetric but initially not perfect., The
impact of an increment of information concerning the matching of agents to
their respective technologies is analyzed under various information structures
(of principals) and the associated contracts, Both efficiency and equity
effects are present1 and the relative importance of these effects are shown

to depend critically on the type of contract which exists between the principal
and agent, Although an insurance model is used to illustrate the welfare
effects of increasing information, alterations to the assumptions and
extensions of the results to other problems of the principal and agent variety
are indicated at convenient points throughout the paper.

An excellent set of examples to illustrate the importance of this
problem is provided by the potentially revolutionary advances in ''genetic
prophecy", that is, the ability to determine an individual's susceptibility to
a disease on.the basis of genetic markers, These genetic markers range from
hair colour to the level of a particular antigen in an individual's blood and

provide information of varying degrees of accuracy on the diversity of



individuals' predispositions to various types of diseases, An important
aspect of such information is the relationship between controliable
environmental factors (i.e., those which can be affected by an agent's actions)
and the uncontrollable genetic ones (i.e., those which cannot be altered).2
The genetic differences embodied in the relationship between environmental
factors and a particular disease can be described by using a different
technology for each group of persons possessing a specific genetic trait.
Such a technology can describe the relationship between an agent's actions
concerning the control of his environment and the probability of contracting
a particular disease. The precise forms of these technologies would differ
according to the diversity of relevant genetic factors. The use of genetic
markers represents imperfect information which improves the matching of
individuals to their appropriate technologies,

In many instances knowledge of the relationship between genetic and
environmental factors can lead to improvements in prevention or early
treatment of relevant diseases (i.e., an improvement in efficiency). For
example, the presence of the antigen HLA-Dw3 indicates a 278-fold increase
in the probability of getting celiac disease if the individual possessing
this marker habitually eats wheat and its products, The risk drops to
normal levels if such an individual begins to avoid such foods early in life
(Harsanyi and Hutton [1981, p. 128]). Since no strong relationship between
the consumption of wheat products and susceptibility to celiac desease
exists for persons without the marker, it is clear that the presence of this
genetic trait indicates a different technology between environmental factors
and disease rather than simply an exogenously determined higher probability
of getting celiac disease. The value of such information in terms of

efficiency may be substantial as those with the marker may find it worthwhile
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to avoid wheat products while those without the marker may not, However,
there is also the possibility that although information improves the
accuracy of determining the incidence of disease, it may not lead directly
to any efficiency gains, For example, the presence of the antigen HIA-B27
indicates an increased predisposition to the disease of arthritis but no
preventive care is known (see Harsanyi and Hutton [1981, p. 70]).

It is interesting to note that the value of this type of information
may depend on the existence or type of insurance contracts available in
the market, Suppose, for example, that in the celiac case health insurance
is available and contracts can be based on the agent's actions (i.e., the
consumption of wheat products) so that moral hazard poses no second best
problems, One can expect then that insurance premiums will be adjusted
according to the presence of the marker HIA-Dw3 only if the insured does not
avoid wheat products, However, if the increase in premiums is sufficiently
high that the agent finds it worthwhile to avoid consumption of wheat products
(and the associated higher insurance premium) then one may still conclude that
efficiency has been improved by this information., However, if the agent's
actions cannot be observed (the case of moral hazard) or, in addition, if
neither can his total insurance purchases be observed (nonexclusivity of insurance
provision) then the incentive effects of the increase in information cannot
be as easily ascertained,.

For the example of the marker HLA-B27 and arthritis it would appear that
equity effects would dominate efficiency effects even in the presence of
health insurance., Under a private scheme one might expect that such information
would lead to the assessment of differential premiums on the basis of the
presence of this genetic marker. Since no actions are known to affect the

conditional probabilities of getting arthritis then individual's who possess



the marker cannot avoid paying a higher premium regardless of whether
contracts are based on an agent's actions. Hence, in this exaﬁple information
would create equity effects but not any (direct) efficiency benefits,

As genetic testing becomes cheaper and more accurate the above mentioned
efficiency and equity implications will likely become increasingly significant,
Many of the examples discussed by Harsanyi and Hutton [1981] suggest that
both effects will often be present with respect to the relationship between
a genetic factor and the associated disease(s). Whether such information
would improve welfare is shown in this paper to depend not only on the
relationship between environmental and genetic factors but also on the
structure of insurance contracts, Of particular importance is whether the
insurer (principal) can observe the level of self-protection (the agent's
actions) and/or‘the aggregate level of insurance protection purchased by
a client,

In Section 2 the basic model for an insurance market with homogeneous
agents is reviewed. The model and results closely correspond to those of
Pauly [1974] and Shavell [1979b]., The method used in this paper to characterize
the heterogeneity of agents is described in Section 3, 1In Section 4 the
welfare implications of increases in information concerning the matching of
individuals to their appropriate safety technologies when the level of self-
protection is observed by firms is analyzed while the same is done in Section 5
for the situation in which neither the level of self-protection nor the
aggregate amount of insurance purchases made by an agent is observed by firms,
Since the anal&sis for the situation with self-protection observed by firms
is not changed by the assumption concerning the observability or nonobservability

of an agent's aggregate insurance purchases, the work in Section 4 covers



both possibilities, The welfare implications of increased information for
the standard moral hazard situation (i.e,, self-protection uﬁobservable but
aggregate insurance purchases observable) are investigated in Section 6.
The Conclusion includes policy implications of the results of the various
sections as well as a discussion of how the results of this paper fit into

the general literature of the impact of information on the principal and

agent problem,

2, The Model with Identical Agents: Existing Results

In this section the basic insurance model used throughout this paper is
presented, The model is essentially the same as that used by Pauly [1974] and
Shavell [1979b] and their results are reviewed., All notation is described as

it is used and is also summarized in an appendix at the end of the paper,

2,1 The Consumer (Insured)

The model employs a two-state approach in which the consumer's wealth
consists of a certain component of amount y, He sustains loss d if an accident
occurs (bad state) but no loss otherwise (good state), Therefore, if no insurance
or self-protection is used he receives wealth yg==y in the good state (no
accident) and yb =y-~-d in the bad state (accident), It is assumed that y > d,

Self-protection in this model is treated as a financial expenditure
although with appropriate normalization assumptions it could be treated as
effort expended, The extent of self-protection is represented by expenditure s
and the probability of an accident is p(s) with p’ <0, p” 2 0, p(0) = p > 0 and
0 <p(s) <1 Vs, Expenditure s is made before the revelation of the state of
nature so that wealth inclusive of self-protection expenditure but exclusive
of insurance is yg = y-s in the good state and yb =y=-d-s in the bad state;

these are sustained with probabilities 1- p(s) and p(s) respectively.



Insurance is modelled as a pay-out (net of premium) of amount q in the
bad state and premium § in the good state. The consumer faces an insurance
price schedule which may depend either on his total insurance purchases or his
level of self-protection, The precise form of the Pricing scheme, B = B(a,s),
is an outcome of the information structure of the insurer; namely, can the firm
observe either of a or s, The case for which s is directly observable by the firm is
treated in Section 2,3 while the moral hazard problem, the case for which s
is not observable, is analyzed in Section 2.4, The problem with both s and o
unobservable by the firm is considered in Section 2.5,

Expected utility for the consumer is assumed to depend only on wealth;

that is, it is state independent, Given that
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the consumer chooses a and s so as to maximize his expected utility (EU) where
g b

EU = [1 - p(s)]u@®) + p(s)u@y") 3)

He will, of course, take into account the effect that altering o or s has

on B, if any.

2,2 The Firm (Insurer)

The insurer is assumed to be risk neutral and to operate in a perfectly
competitive enviromment, Therefore, insurance contracts earn zero expected

profit; that is

B(L-p(s)) = ap(s) (4)

The form of the price schedule depends on the information structure of the
firm, 1In particular, if the insurer can observe s then the price schedule will

depend on this observation and the consumer will take into account the effect
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that alterations- in the level of self-protection will have on the price of
insurance, ‘This situation gives rise to a first-best solution (see Section 2.3).

If s cannot be observed by the insurer (at sufficiently small cost) but the

firm can observe a consumer's total insurance purchases then this latter information
can be used to infer the level of s, It is in this situation, termed moral hazard,
that the well-known second-best solution with partial insurance coverage occurs

(see Section 2.4), Finally, if neither s nor the total insurance purchased

by a consumer can be observed then the firm's price schedule will of necessity be

linear and partial insurance coverage cannot be a result (see Section 2,5),

2.3 Insurer Able to Observe s: First-Best Solution

Suppose the insurer can observe s and, therefore, make o and B depend on

s. The insurer's constraint becomes

B(s) (1 -p(s)) = a(s)p(s) %’
and the consumer takes into account the effect of altering s on o and B. Taking
(4)' into account (that is, substituting for B) the consumer's maximization

problem can be written as

max EU = [1- p(s)]u@®) +p(s)u(y®) (5)
QS

Using definitions (1) and (2) the first-order conditions for a maximum are

4 -’
-agEsg =7 [u(yb) = u(}'g)] + (1-p) (yg) [~ p(l - P% P o _ g3
(1-p)
¢t . by,
+pu’' ¥ )@ -1) =0 )
U . plu’ (yb) -’ (%)] =0 -



From equation (7) it is clear that yg = yb which implies a = d ~ B so that from
(4)’ we get o =d(l-p). Since y° = yb implies u(yb) = u(y®) and u'(yb) =u (v%)

it is straightforward to show, using equations (5) and (6) that

(8)

i

' (s) = -

determines the optimal level of s for the consumer., This level of s maximizes
expected per capita incomm? and, since individuals face no risk with full
coverage insurance (yb = g) a first-best result is achieved,
It is easy to see that observability of s by firms makes thé observation
of total insurance purchases made by insureds redundant, Therefore, this
section essentially covers both the cases with total insurance purchases observable

and not observable to firms given that s is observable,

2.4 Insurer Not Able to Observe s but Able to Observe Total
Insurance Purchases Made By a Consumer

If the insurer cannot observe s then the well-known tradeoff between

[}

risk-spreading and the efficient use of self-protection occurs (see Pauly [1974]).
Complete risk-spreading requires that yg = yb. However, without the ability to
monitor s full insurance eliminates the incentive to self—protect.4 This
problem, moral hazard, leads to the result that the "socially optimal" insurance
policy is one with less than full coverage., This also will be the market
solution,

In this case the price of insurance from the consumer's perspective does

depend on o but not on s; that is, B = B(a) is not generally a linear function,

The consumer's maximization problem is max EU with B a function of «, B(a). The

S,0
first order conditions are
b b
LY uP) - u B - (- P 5B) - pu’ °) = 0 ©) |

Lo - 6B By 6™ =0 (0)



From equation (9) it follows that the purchase of full insurance, yg = yb,
implies a corner solution, s = 0, By continuity, s = 0 for some yb < yg also,
Therefore, since the consumer's choice of s depends on his choice of o we can
write s = s(a) with ds/da = 0 for some o less than full insurance,

The insurer recognizes the interdependence of s and o and so we can
write p = p(s(a)). By observing o the insurer can infer s, The insurer,
therefore, chooses a price schedule B(a) in order to maximize the consumer's
expected utility subject to the zero expected profit condition, Noting that
yg ay - I%?é%%; - s and yb = y~-d+0o-5s ensures zero expected profit for
ﬁhe insurer this problem can be written as max EU which gives the following first
order condition, ¢

R dopy () L u(yB)] - 211 - P’ 5F) 4+’ D))
;b , 8 a%fj—;u'(ﬁ)_
+pu (y)-pu (y°)- T-p =0 (11)

Using the result of equation (9) we see that the first two terms of equation (11)
combine to give zero, The optimal price schedule derived from equation (11) is
characterized below in equation (12), The last equality is evident from

equation (10),

dp ds
4 Ldsda __pu &) _ds (12)
(1-p) Q-p)u )

Equation (12) can be interpreted as follows., Suppose effort were fixed at
s = 3. Then the first term of equation (12) corresponds to gﬁ| = S R
da s 1-p(s)

the actuarially fair price levied for an increase in insurance purchased by a

A
consumer given s = s is his present level of self-protection, However, as
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o increases the insurer must take into account the possibility that the
consumer's choice of s will change and, hence, so will the probability of loss.
This latter consideration explains the second term of equation (12), Moreover,

notice that full insurance is optimal (yg==yb) only ifl%& . %i = 0,

1]

2,5 Insurer Unable to Observe Either s or Total Insurance
Purchases Made By a Consumer

Just as it is sometimes assumed that the monitoring of self-protection

(or effort) is too costly for it to be practical for firms to observe s, it

may also be too costly for a firm to observe the amount of insurance purchases

made by a consumer from other sources., Although legislation generally excludes

(or at least attempts to exclude) the possibility of insureds buying insurance

in excess of the wvalue of the potential loss, such a limit is not sufficient

to rule out difficulties associated with the unobservability of a consumer's

total insurance purchases, In a working paper Arnott and Stiglitz [August 1981] -

discuss the difficulties associatdd with the unobservability of "informal

“

social institutions which serve to supplement insurance provided by the market";
for example, that provided among family members,
If a firm does not take into account '"other" insurance coverage of its
insureds then it may not make the correct inference concerning the level of
self-protection being used, It will be assumed in this section that the total
quantity of insurance purchased by a consumer cannot be observed by the
insurer, This being the case, consumers will always claim to have purchased
that level of insurance which places them at the lowest value for gg on the
insurer's schedule, The result is that price schedules will be effectively
linear; that is A

8 =_.P_(§LA_ o (13)
1-p(s) '
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where § is the level of self-protection employed by the consumer,

From the consumer's first-order condition (equation klO)) we see that
a is either zero (cornmer solution) or full insurance is purchased (yb==yg),
Therefore, unless no insurance is purchased it follows that consumers employ
no self-protection, The results of this section can be found in Pauly

[1974, pp. 50-52].°

3. Heterogeneity and Safety Technologies

Before presenting specific details of the assumptions concerning
the heterogeneity of the safety technologies for the insurance model a more
general description of differential technologies with possible applications
to various problems of the principal and agent variety is presented, By
doing so the reader can more readily apply the particular results for the
insurance market to other principal and agent problems,

Suppose an outcome x is a function of some choice variable e decided
upon by the agent as well as some other characteristic £ (i,e., x =£(E,e)
where x may denote a probability distribution of outcomes rather than a
deterministic result).6 Although it is in general not necessary to assume
that € is an endowed and unalterable characteristic this is done throughout
this paper. For an insurance problem x might represent the probability of
loss, e the level of self-protection employed and E some characteristic (e.g.,
genetic) that distinguishes one individual from another. 1In an employee-employer
relationship x may refer to the agent's output, E to some characteristic such
as '""matural ability" and e being effort expended, Although £ could be depicted
as having values within an interval [E,E], E<E, only discrete possibilities

with g e{gl,...,En} will be used.
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If a more desirable outcome is associated with a larger value for x
then some uniformity on the characterization of a problem can be imposed by
assuming, for example, that for some i #j, f(gi,e)::f(gj,e) V e with
strict inequality for some e, This is equivalent to the statement that an
individual of type i is in an absolute sense more productive than is an
individual of type j. It may also be the case that-gif(gi,e)‘§~§gf(§j,e)'Ve.
If ">" then the greater productivity of a type i individual is such that
his productivity increases more as a result of an increase in e while if
"<' holds then the greater productivity of type i relative to j diminishes
as both increase e, The difference is effectively constant if over different
levels of e the equality holds.7

The description of the technological differences could be expanded to
handle problems of increased sophistication, For example, consider the employer-
employee problem with x output per unit time, € an index of inate ability,

e effort, and E investment in education with x =f(§,e,E). One could then
investigate differences in the augmentation of individuals' productivity
resulting from an increase in education for a given level of effort, For
example, an increase in education for a given effort level may increase
productivity more for an individual of type i than for an individual of type j
(i.e., -a%f(gi,e,E) >-%f(§j,e,E)) or it may increase the cross product in that
marginal product of effort may be increased more by increases in education
for type i than for type j individuals (i.e., 52%% (gi,e,E):>§%%£ (gj,e,E)).
The possibility of learning about the correlation between training (E) and
the marginal productivity of effort may explain why in some cases on the job
training (e.g., apprenticeship) may be preferred to the accumulation of education

outside the work environment,

[0
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For the insurance problem let there be two types of individuals with
personal characteristics denoted by §=Gh or Gz. In the context of the health
examples provided in the introduction of this paper Gh could refer to a
genetic factor for a high risk type and Gz for a low risk type. Let
ph(s) =f(Gh,s) and P, (s) =f(G£,s) denote the self-protection technologies for
high and low risk types respectively where ph(s) refers to the loss probability
for a high risk type and P, (s) refers to the loss probability for a low risk
type, both for a given level of self-protection, s.

In order to maintain ease of definition it is assumed
that f(Gh,s)z f(Gz,s) Vs. Three possible additional assumptions which are

associated with the marginal productivities of using self-protection are

entertained, These are:

af(Gh,s) af(Gz,s)

(1) Case A: Ss = Ss s Vs
Bf(Gh,s) Bf(Gz,s) ,
(ii) Case B: < , Vs<s with "<" otherwise
Bs BS S'>0
Bf(Gh,s) af(Gz,S)
(iii) cCase C: > , V s<s’ with "2" otherwise
BS Bs S’>0

Since a reduction of a loss probability is associated with an improvement in
productivity these conditions are interpreted as follows, Case A refers to
the possibility that although ph>p£, the use of self-protection has no
differential impact on the loss probabilities of high and low risk types.
Although ph>p£, the use of self-protection is more productive for high risk
types than it. is for low risk types under Case B while for Case C the marginal
productivity of self-protection is greater for low risk types than it is for

high risk types.
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The specific example concerned with celiac disease provides an excellent
example of Case B (see Introduction), In this example let 5 represent the
monetized cost of avoiding (at various levels) consumption of wheat and
its products., Let Gh represent the genetic factor for those individuals with a
high susceptibility to celiac disease and Gz for low risk types., If no effort
is made to avoid consumption of wheat products early in life (s =0) then those
susceptible (§==Gh) are significantly more likely to contract celiac disease
than those who are not susceptible (§==Gz). However, the avoidance of wheat
products by high risk types (§==Gh) improves the chances of not contracting
celiac disease. The difference in productivity of s is sufficiently great
that for "large enough" values of s the risk of contracting celiac becomes
almost as small for high risk types as it is for low risk types.8 The

relationship between the safety technologies of high and low risk types is

Bf(Gh,s) af(Gz,s)
illustrated below (see Figure 1), Note that Ss < Se .

£(E,s)

\—_, £(Gs8)=p (s)
£(6,,5)=p, (s)

Figure 1
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The example of being able to distinguish among individuals' predisposition

to arthritis by use of the marker HIA-B27 provides a trivial example of Case A

aF(Gh,s) af(Gz,s)
with f(Gh,s) > f(Gz,s) and Ss = Ss (= 0) since no method of self-

protection is known, An exqmple of Case C would be provided by an instance
where an individual's susceptibility to a disease cannot be predicted but

different types may respond better than others to a treatment which avoids

. Bf(Gz,s) af(ch,s)
certain other medical costs, that is, f(Gh,0)==f(Gz,0) but Ss < Ss

In order to highlight the importance of some interesting comparative
statics results which are carried out later some further restrictions are
placed on the technologies (in particular for Cases B and C), These additional
restructions are noted below and the resulting characterizations (Cases K, ﬁ,

and &) are illustrated in Figures 2, 3, and 4,
Case A: ph(s) =p£(s)+60, 6°>0

p(s)

ph(S)

= — p,(s)

pL(S)

Figure 2
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Case B: p,(s) = Pz(s)-l-&(s)
8’ (s) €0 for s<s, s >0
6§(s) =0 and 6’ (s) =0 for s=5s

p(s)

P, (s)
P, (s)
Pz(s)

Figure 3

Case C: P, (s) = Pz(8)+6(3)
6’ (s) >0 for s<s and 8’ (s) =0 for s25, 5>0
6(0) = 0, iue0, Ph(o) = Pz(O).

p(s) |

Figure 4

in
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Notice that the added restrictions for Cases K, B and C do not lead to
violations of the somewhat more general conditions stated ea?lier in this
section, The added restrictions of §(s) =0, s=s for Case B and §(0) =0,
s2s for Case G are relaxed later.

It is not always the case that individuals possess perfect information
concerning their risk type. Therefore, knowledge about safety technologies
may be of a "pooled" or "mixed" type. In particular, consider the situation
in which no information concerning the differences in safety technologies is
available; that is, all economic agents (firms and consumers) perceive the
safety technology to be that which would be observed on the basis of pooled

data analysis, This perceived technology is represented by po(s) =thh(s)-+
quz(s) where 9y is the proportion of risk type i individuals in the population
(see Figures 2, 3, and 4).

Since po(s) is consistent with aggregative analysis of actual loss
experience, expectations are rational with respect to the information structure
available, Although throughout this paper implications of changes in the amount
of information available are studied, it is always assumed that expectations
are rational conditional on the state of information, Moreover, information is
assumed to be symmetric in this model; that is, consumers and firms are equally
knowledgable about the extent of information concerning the risk type of an
individual.9 In the following section the task of deriving implications
concerning the welfare effects of increased information relating individuals to

risk types is begun by considering the situation in which firms can observe the

level of self-protection employed by insureds.
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4, Value of Information with Self-Protection Observable by Firms

Since it is assumed in this section that s can be observed by the firm,
the analysis of consumer behavior from Section 2,3 is applicable, For
example, the relevant safety technology, represented by p(s) in Section 2,3,
is po(s) if no information concerning the risk type of individuals is available,

From Section 2,3 it follows that

P, (s) = qp, () +q,p,(s) = py(s)+q,6(s) (14)

The first-order condition for the consumer's maximization problem gives rise
. . . . . 1
to the optimal choice of self-protection being sg satisfying p;(sg) =-3 (see

equation (8)). Therefore,
1
’ = nl / = - =

This choice of sg is illustrated in Figures 5, 6, and 7.

The method of incorporating imperfect information into this model is to
assume that some characteristic, which is imperfectly correlated with each
individual's risk type, is observed by both consumers and firms, For simplicity,
assume it is a single dichotomous characteristic which defines two risk
categories denoted by the index ¢ = HyL for the high and low risk categories
respectively, Assume there are Kc individuals in category c while there are Ni
(i=h,4) individuals of risk type i in the population., If N is the total number
of individuals in the population then KH-I-KL = NLi'Nz = N, Therefore, if n,
represents the number of risk type i individuals belonging to category c, the

following relationships hold.
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gt = N ety T &y
(16)
nut L =N, nyLt oy, <K

Recall that 9 and q 4 represent the proportions of high and low risk types

in the population, By using 9. to denote the proportion of individuals of
risk type i in category c (i.e., 9% =%), a categorization scheme of
information value e can be defined as onec with Yy = 9 te- That is, for
O<ex<l- % @ categorization scheme of value e is one for which the proportion

of high risk types in the high risk category is greater than that in the

aggregate population by amount e, Since qu+ % = 1, qhH+ Uy = 1 and

X

Uyt te it is easy to show that, with k = K—L R

9y © qh-'-e
Ay, = q£+ek
9 %" ek @
Qn " Y"°

The level of self-protection employed when there is no information
concerning insureds' risk type is determined by equation (15) above. With
information of value e available the perceived safety technology for a member
of category c is pc(s) = qchz(s)+thph(s). Therefore, the level of self-
protection employed, sg, is determined by the first-order condition p:: (s) = - % .
Using the definition ph(s) =P, (s) + 6(s) and the results of equation set (17)
the first-order conditions which determine the levels of self-protection for
members of the high and low risk categories are given by equations (18) and (19)

respectively.
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1}

Fy(spse) = (P () - (g +e)’ (sp))d-1 =10 | (18)

F_ (sfse) = (-p, (s]) - (g, - ek) &' (s]))d-1 =0 (19)

In order to determine the welfare implications of increased information
we will differentiate wvarious expressions with respect to e, It is of
independent interest to differentiate expressions (18) and (19) with respect to
e in order to determine the impact of increased information on the level of
self protection used by members of the high and low risk category, For

members of the high risk category it can easily be shown that

dsﬁ = 0 Case f
7y > 0 Case ? (20)
< 0 Case C
F

These results follow since SEE < 0 according to the second order condition

H ds§ aﬁh/ae
(i.e., pﬁ > 0) and, therefore, de =" F Joe% has the opposite sign to that
‘H ""H

of 6'(s§). For members of the low risk category it can be shown that

dsi = 0 Case f
Py < 0 Case f (21)
> 0 Case C
OF
These results follow since SoF < 0 according to the second-order condition
L

) dsf BFL/Be
= - i. ’ *
(i.e., P > 0) and, therefore, P BFLlasi has the same sign as § (sL).

Using equations (18) through (21) we can obtain the relative sizes of

. % N . R dsi dsﬁ
S, Sy and sy for Cases &, B, and C., Also, the derivatives for de and 1=

can be noted. This is done in Figures 5, 6, and 7 below, The perfect information

solutions are indicated by using sz and sﬁ.
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p(s)

— pL(s) = Pz(s) + (qh" ek) 6

\ ph(s) =p£(s) +.é
\\w Py(8) =P () * (q¥eds

et —————————
pz(S)

* * * * * S




p(s)

q}Q=P£®)+6@L § <0
pH(s)=p£(s)+(qh+e)6(s)
pL(S)=p£(s)+(qh-ek)6(s]
pz(S)

p(s)

e P, (8)7P (8)*0(s), & >0

PH(S)=P£(S)+(qh+e)6(S)

pL(S)=p£(S)+(qh-ek)6(S)

pL(S)
* * *
s s s 5
o L 2
—
dsL
Tae 70

Case C: Figure?7

€

*
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The three cases used to characterize the difference between high and
low risk types is shown here to be quite rich, Upon compari;on of the
situations where there is no information and perfect information about each
individual's risk type specific safety technology it is possible that (i) low
risk types underutilize self-protection (sg < sj) while high risk types
overutilize self-protection (sz > s:) as in Case 6, (ii) low risk types
overutilize self-protection (sg > sz) while high risk types underutilize
self-protection (sz < sg) as in Case ﬁ or (iii) no overutilization or under-
utilization occurs (sz = sz = sﬁ) as in Case K. It is also interesting to
note that even though ph(s) 2 pz(s)'Vs, it may nevertheless occur that high
risk types will sustain a smaller probability of loss if sﬁ > sz, as is possible
for the characterization provided in Figure 6 (Case B).

It is easy to show that aggregate expected income is maximized by use
of perfect information (if it is available),lo The implications of an increasing
amount of imperfect information (e) is less intuitive, An increase in
information improves the properly classified individuals' perceptions of their
safety technologies as well as increasing the number of "correct matches",
However, the misclassified individuals' perceptions of their safety technologies
are worsened, Nevertheless, the net effect of an increase in e is an increase
in aggregate expected income., This result is derived below in Section 4.1,

Whether information is perfect or imperfect there will be distributional
consequences associated with its use., Given risk aversion of consumers this
is an important phenomenon, This issue is analyzed by consideration of the
Pareto welfaré implications of increases in e (see Section 4,2 below) and by use
of a Utilitarian social welfare function (see Section 4,3 below)., The results

are summarized at the end of this section,
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4,1 The Effect of Information on Expected Aggregate Income

Let y. . denote the expected income generated by a risk type i
individual in category c. Since e affects an individual's perception of
his safety technology and, hence, his choice of s, the expected income

generated via the use of s is also affected by e, We can write
=@ * * *Yy-d-s 22
Ey;o = (1=p;(s))(y=s) +p(s)(y-d-s) (22)

Consider the expected income generated by a high risk individual in the high

* * *
risk category, Ey .. Since Ph(s}l) = pz(sH) + 6(sH) we get

%
dEy * d
B = (-apy(sy) - a8'(sy) -1y 23)

Using the first-order condition for the optimal choice of self-protection by

members of the high risk category (see equation (18)), it follows that

%
dEy dsl_1
hH ¢
= 46 l) —— 2
de d (qh +e-1) Te 0 (24)

The sign of equation (24) is found by using the results of equation (20) with

associated &' § 0 and the fact that qh +e-1<0,

In a similar fashion the following expressions can be found and signed.

*
dEy. d
BL _ .7 5L
—-—de dd (qh ek ~1) e <0 (25)
dEyZH ’ ds:
e = d6 (qh+e) oy <0 (26)
*
dEy.GL , dsL
= - — 2
3o dé (qh ek) Te 0 27

te
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In each of the equations (24) through (27) the equality holds for
Case ﬁ, Otherwise, the expected income generated by properly classified
individuals rises as information increases while it falls for misclassified
individuals, as expected. There is a further effect of information and that
is on the number of misclassified individuals. It follows from the definition
of the value of information that the number of misclassified individuals
falls as e increases. This factor must be taken into account in order to
determine the aggregate efficiency effect of an increase in e.

Expected income generated by members of category ¢ is written below:

%
Eyc(sc,e) = thEyhc + qzcEyzc, c=H,L (28)
*
Eyc is a function of e (as well as of sc) since the qic's are a function of e
(see equation set (17)) and represent the impact that e has with respect to

the matching between risk type and risk category. Therefore, aggregate expected

* %
income, EY, is a function of Sy> St and e and can be written as below.

* % % *
EY(sy>8p.e) = KyEyy(sy.e) +K Ey; (sp5e) (29)
It follows that

OE d * OE d *
dEY yu Sy ¥, 951
+ KH o= + G = (30)
5L
%

Only the first term of gquation (30) can be non-zero since s, is
Ey
chosen to maximize Eyc (i.e.s 8’: = 0 and the envelope theorem applies).
5
T

o
Using equations (29), (28) and equation set (17) we get 7%} = KH(Eth-Eth

+ EYzL"EYzH)- From equation (22) and the fact that ph(s) = pz(s) + §(s) it

follows that11
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& - g [5(sp) - B(sy)]a 20 - €

Therefore, the impact on the efficiency gain resulting from an increase in
information is derived from the improved matching of risk types to appropriate
risk categories and this efficiency gain is greater the greater is the
difference between the two technologies. This result accords well with

. * *
intuition., In Case A s(sL) = G(SH) so no production efficiency occurs.

4.2 Pareto Welfare Implications of an Increase in Information

Since an increase in information leads to an increase in aggregate
expected income, it is natural to investigate the possibility of an increase
in information leading to a Pareto improvement in welfare. While an
increase in e implies an increase in the proportion of high-risk types
in the high risk category (and hence an increase in the price of insurance) ,
one might expect that in some circumstances this adverse effect may be
compensated for by a more efficient use of self-protection.12 However, such
a result is shown here not to be possible. That is, members of the high risk
category will always be made worse off as a result of an increase in e.

To demonstrate the above claim recall that everyone buys full coverage
insurance. Members of risk category c(=H,L) receive income Yo = y-Pc(s:)‘-s:

*
where Pc(sc) is the price of (full-coverage) insurance, which depends on the

dyH dyL
level of self-protection employed., It is shown below that e <0 and -a-é—? 0;

that is, a Pareto improvement does not occur,
: * * *
For members of the high risk category BH(sH) = qthh(sH)d-+q£sz(sH)d.

Therefore,

T

4
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*
. (s)  dq dg
Hd:H = [ dZH Ph<33> + dﬁH P.c(sz) la
ap, (s)ds, dsy ap,(s) ds.
P8/ 98y Pglsy Su
+ Loy —ds; =+ ds:; —la (32

The first term of equation (32) refers to the direct effect on the price of
insurance resulting from the changing proportion of high (and low) risk types
due to the change in e, The second term refers to the change in price resulting
from the change in the use of self-protection which results from a change in e
(i.e., improved knowledge of the safety technology). Using equation set (17)

and ph(s) -p’z(s) = §(s), we can rewrite equation (32) as

* *
ae_(s) 4
___ﬂ.esﬂ = 6(3:1)5 + (P‘é(s.;) + (qh+e)6 l(s:;)) -:is?ﬂ- d (33)

*
From the first-order condition for optimal choice of sy by members of the

% %
dPH(SH) * dsH
high risk category (see equation (18)) we get e - 5(sﬂ)d alrpe which
gives
dy.
H %*
et : R < 3
Te 6(sH)d 0 (34)
It can be shown in a similar fashion that
dy
1, %*
—_— = 16 >
e k (sL)d 0 (35)

Therefore, the improved perception of the safety technology by members
of the high risk category does not counterbalance the direct effect on price

caused by the increased proportion of high risk types. The following example
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using a discrete change in the safety technology more intuitively illustrates this

result.,

Suppose, as illustrated in Figure 8, that pz(s) = p and ph(s) + 6, 8<s

- T

’SZS.

Assume that, with po(s) = thh(s) + q'ep‘c(s), it is initially not economic for
all persons to employ self-protection s='§; that is thh(O)d+qu£(0)d <§d+§.
However, suppose if perfect information is available, it follows that ph(§)d+§
< ph(O)d so that perfect information leads to high risk types employing s= s.
Although this is a more efficient solution (i.e. fewer total resources are used
up) high risk types cannot be better off after information is available.
Otherwise, it would be the case that the price of insurance with s=s for all
individuals before categorization would have been cheaper than for s=0. There-

fore, some distributive risk must exist,

p(s)

p(s) =p+73, s<s
=P

-------------------- P, (s)

m' o o o > 0 - " e e -

o
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4,3 The Effect of Information on the Utilitarian
Social Welfare Function

A risk averse individual always purchases full insurance when s is
observed by firms, Therefore, income in the bad state equals income in
the good state for each member of a particular risk category (i.e.,
Yo=Y - Pc(sZ§ - s: as defined in the previous subsection). Letting EUc
denote expected utility for an individual in category ¢ (=H,L) it follows
that EUc = u(yc) Therefore, with Kc individuals in risk category c it follows

that the utilitarian social welfare function can be written as below.

W =Kuly,) +Kuly) (36)
Upon differentiation of W with respect to e we get, with use of equations (34)

and (35),

B - g L8(epu’yy) - ssu’yyla 37)

Upon comparison of equation (37) with equation (31) it is seen that

1
for the case of risk neutrality %% >0 as is g§'> 0. 3

However, risk aversion
on the part of insureds implies that u'(yL) <5u'(yH) so that 6(5:) > 6(s;) is
not sufficient to guarantee %g > 0; that is, the distributive risk associated
with increases in information is reflected by risk aversion.

Upon consideration of equation (37) the following condition can be

obtained:

< — (38)

* *
The fact that 6(sL) = 6(sH) represents the efficiency effect of information
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while the fact that u'(yH) > u'(yL) represents the equity effect. Therefore,
by looking at factors which tend to make 5(32) smaller relative to 6(s§) and/or
u'(yﬁ) larger relative to u'(yL) one can characterize parameter changes -~
which increase the relative importance of equity considerations (over efficiency
ones) and more likely lead to %g <O0.

In the specific situation of Case A (see Figure 5) there is no

* * * * aw

efficiency effect whatsoever (i.e., s = 855 = 5(sL) = 6(sﬂ) > e <0) as the
difference between high and low risk types' safety technology is independent
of s (i.e. 5'(5) = 0) and, hence, will be referred to as an autonomous
difference. This being the case, information has no role to play in the
efficient use of self-protection and dW/de <0 is assured, This result,
which is a corollary to the more general problem discussed and proved below,
can be extended to analyze situations similar to Cases B and C below.

Suppose we begin with a pair of safety technologies represented by
ph(s) and pz(s) and generate a new set of safety technologies ﬁi(s) and éi(s) .
which differ from the initial technologies according to an increase in the
autonomous part of the difference between them but without altering the
aggregate loss probability (i.e. a mean preserving spread between safety
technologies) . This procedure can be characterized by a parameter A > 0 with
p:["l(s) = ph(s) +-(-1]-1: A and p:’é(s) = pz(s) - -‘:—zb. Since %s =0 itg(is.’gzlusion has

%
no effect on the choice of s, and hence no effect on the ratio —%—. However,

8(sy)

an increase in A increases, ceteris paribus, the price of insurance for

members in the high risk category and decreases the price of insurance for

those in the low risk category. Therefore, vy, falls and Yy rises so that, given
risk aversion, an increase in information is more likely to lead to a decrease

in welfare as measured by W.14

[{}
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The effects of an increase in the autonomous difference between safety
technologies is illustrated for Case 6 in Figure 8 below, As 4 increases
there is an increase in ﬁi(s) and ﬁﬁ(s) while ﬁ}(s) and pf(s) fa11.15 Since
A has no effect on the choice of safety (s: or sg) the only relevant impact

is on the price of insurance and hence the values of Yy which falls and vy

which increases.

p(s)

- — By (®)
pH(S)
pL(S)
% —_ —_— R
B “"pL(S)
E3 * s
SH SL

Figure 9: Case C



32

Since individuals purchase full insurance and choose s so as to maximize
expected wealth when the level of self-protection is observable to firms, it
would seem an intuitive result that equity considerations become more important
the more risk averse are individuals, This is shown below to be the case for
individuals who possess constant absolute risk aversion (CARA) or constant
relative risk aversion (CRRA),

_e-aw’ a > 0, Therefore,

For the CARA utility function u(w)

’ -Qy.
u (y;) H  ayp-yy,) Yy - ¥y
B,_Y ~_ _~UL7H dl-]l _ (o . L e
[7-(?;)- -y, © and so g5t = (v, ~yyle 0. For the
Ye e u '(yH) y;ly
CRRA utility function u(w) = 3§77 ¥>0, y#1. Therefore, [yl =~
Y Y L yLY
y %* ¥y,
= (;I'-‘-) . Taking logs, [¢] = dnl+] = an;— it follows that
H H

YL > Yy and so Q%%l >0 also. To summarize, an incr%ase in the degree of risk
u(yy,) -
aversion as defined above leads to an increase in ﬁ;ﬂg}%ﬁ. Since the degree
L

d[-]*
dy

> 0 since

of risk aversion has no effect*on the level of self-protection there is no
6(sy)
counterbalancing effect on ++ Therefore, an increase in the degree of risk

6(sy)

aversion will, ceteris paribus, increase the likelihood that a greater extent

of information will cause a decrease in welfare (W).
The results of this section are summarized in the following multipart

theorens,

Theorem 4,1 When self-protection is observable to firms an increase in
information concerning insureds' risk type has the following consequences:
(i) aggregate expected income either rises or remains constant;

(ii) a Pareto-improvement in welfare will pot occur;

[

(iii) social welfare as measured by the utilitarian social welfare function
may be improved or worsened.
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Theorem 4,2 When self-protection is observable to firms the following
conditions increase the likelihood that an increase in information will
lead to a worsening in social welfare as measured by the utilitarian social
welfare function:

(i) an increase in the autonomous difference between safety technologies

(ii) an increase in the degree of risk aversion for either the constant
absolute or constant relative risk aversion utility functioms.

In light of Theorem 4,1 (especially results (i) and (ii)) one should
note that a Pareto-improvement is possible provided an appropriate redistribution
scheme is used. Therefore, social insurance schemes may be able to extract
the efficiency value of information while circumventing the adverse equity

effects,

5. The Value of Information with Self-Protection and the Aggregate
Insurance Purchases Unobservable by Firms

If the insurer is unable to observe either the level of self-protection
or the aggregate insurance purchases chosen by a consumer then either the
consumer purchases full insurance and uses no self-protection or he purchases
no insurance and chooses s accordingly (see Section 2.5). Before considering
the impact that an increase in information has on these decisions for the
model with heterogeneous agents, the effect that an increase in information (e)
has on the optimal choice of self-protection (s;,s:) when no insurance is
purchased is considered. This exercise is of independent interest and provides
results which are of use later in this section,.

If an individual belonging to risk category ¢ purchases no insurance

*
then his optimal choice of self-protectionm, S is determined by the problem
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m:x B, = [ P (s,) Ju(y - ) tp (s July-d-s)

which gives rise to the following first-order conditions for members of the

high and low risk categories respectively.

* 7. % * *
gy(syie) = py(sy) [u(y-d-sp) -uly- sy

* * * *
- [ = Py(sy) ]u'(y-sﬂ) -pH(sH)u'(y-d-sH) =0 39)
* ;. * * *
g (sp3e) = p(sp)lu(y-d-sp)-uy-spl
* . * * *
= [M-p(sp)lu(y-sp) -p (sp)u(y-d-sp) =0 (40)
*
dsc agc/ae
Therefore, e = - W « The second-ord:r condition for utllltg maximization
ds g
*
requires that Bgc/asc be negative so that -af has the same sign as -é-eg . Noting

that p.(sy) = py(s,) + (q +e)8(s)) and p (s) = py(s)) +(qh-ek)5(sL) it
follows that

Ogy

2 = 8'(sp [y -a- ) ~u(y - 5]

+ 8wty =) ~u'(y-d- 5] @)

ag % %* *
<2 = &6 (s luly-d-s) ~uly- 5]
% % *
- kﬁ(sL) [u'(y-sL) -u'(y-d-sL)] (42)
From the above considerations it can be shown that if 6'(3) 2 0, which holds

’ 7 d *I-I gI:I
: = —< i <
for Cases A (6 =0) and C (6 > 0), then e 0 (since S 0) and

* * *
Og, %, dsy dsy
<= >0 (since =— > 0). For Case B the signs of ——— and —T—— are indeterminate,
de de de de

*
The implications of an increase in information on the choice of Se is demonstrated

[{J

L]
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for Case A below by comparing the choice of self-protection before and after

imperfect categorizatiom.

p(s)
N\
N
N N

~
™~ - pH(s)
T = — — — — —p,(s)
e (s)

Py,

) K * * s

S

H so sL

FigurelO: Case A

The result that members of the high-risk category tend to use less
self-protection than do members of the low-risk category may seem counter-
intuitive at first glance;16 that is, it initially seems strange that
individuals who perceive an increase in their loss probability would reduce
their level of self-protection. However, an increase in s; leads to a
reduction in the probability of the bad state occurring (pH J) and a rise
in the probability of the good state ((1-pH)T) occurring. This represents
a shift in probability from the state with a relatively large marginal
utility of income to a state with a relatively small marginal utility of

* *
income (i.e., u'(y-sH-d) > u'(y-sH)). However, an increase in the level
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of self-protection, s;, would lead to an increase in the difference between

these marginal utilities. Since this difference is relatively more important

to members of the high risk category it is not so surprising that they reduce -
expenditure on self-protection while, mutatis mutandis, members of the low

risk category increase expenditure on self-protection. In Case C this

phenomenon is further supported by the fact that the use of self-protection

is relatively more productive for low risk types (i.e. 5’(s) >0 = gz(s) < pé(s)

which means an increase in the use of s reduces the loss probability more for

a low risk type than for a high risk type). For case B the use of self-

protection is relatively more productive for high ris§ types so that the two

ds
above~-mentioned effects conflict and the signs of ?E?’ c = H,L are indeterminate,

17
We can now investigate the implications that an increase in information
has with respect to the Utilitarian social welfare function, With both self-
protection and aggregate insurance purchases unobservable by firms, individuals
choose one of two possible strategies to maximize their expected utility .
(see Section 2,5). An individual either purchases full insurance and uses no
self-protection or purchases no insurance and chooses an optimal level of self~
protection as described by equatioms (39) and (40) for high and low risk cate-
gory members, respectively. The case where no insurance is purchased
before or after the increase in information is considered first,
Letting yg denote income received by an individual belonging to category
c(=H,L) in state j (=g,b) it follows that yg = y-sz and yz = y-s:-d if
no insurance is purchased. Expected utility for a risk type i individual in

category c can be written as below.

EU, = [1 -p.(s*) Juy® + p.(s*)u(yb) (43)
1cC 1" C [ 1 C (o4

to
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Using qic’ the proportion of risk type i individuals in category c we can
write average expected utility for an individual in category c as follows:
EUc = thEUhc + qzcEU.%c (44)

Therefore, the Utilitarian social welfare function can be written as in either

of the following two equations;l
* *
Wsgsspse) = Ky By + K B 5)

x %
W(sgsspse) = Kylau B, + 40 B0,
+ Ky [q BV + 9 EU, ] (46)

Using equation (47) it follows that

OEU_ d OEU. d
W B %M L 2%
de —3e+KH Ssﬁ de +KL SSL de (47)

*
However, S, is chosen to maximize EUc (see equations (39) and (40)) so that
the last two terms of equation (47) are zero (according to the envelope theorem).

Therefore, using equation (46) and equation set (17) it follows that
W - g [EU. -EU, ] +K [KEU, - KEU__] (48)
de  Nu'EUhp mEUgyt TR EED, hL

Using the definitions ph(s) = pz(s) + 6(s) and k = 'Kﬁ" it follows that

X
Lo g o luy- -0 - uly-sp]
+ 8(s) [u(y - o) ~uly - s - @)1} %9)

Equation (49) can be used to determine the welfare implications of an

increase in information as is illustrated below:
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% % *
6(s;) Ju(y-s,;) ~u(y-d-s)
W = Y =z il 1
M Z0oas—E——3 - (50)
8(sy) u(y-sp)-u(y-d-s)
Now, for Cases A and C we have from our previous analysis concluded that
* * * * %* *
sy, > Sy which implies that u(y - sH) >u(y - sL) and u(y - Sy~ d) 2u(y - sy - d).

Al & _ P oy8 P ogandy-s >y-s . Theres isk i
80, YH YH L YL nd y SH Yy 1, ererore, rlsk aversion assures

* * * *
that u(y - sﬂ) -u(y - Sy - d) <u(y- sL) -u(y - sy - d) so that the right side of
* *
equation (50) is less than 1. Since 5(sL) = 5(sH) the left side of equation (50)
aw

is greater than 1 so that de > 0. The result for Case B appears to be

indeterminate,

Theorem 5,1 If no insurance is purchased either before or after an increase
in information the said increase leads to an improvement in social welfare
as measured by the utilitarian social welfare function at least for Cases

A and C,

The above results suggest that an increase in information may improve
welfare when a consumer's level of self-protection and aggregate insurance
purchases are not observable by the firm. The improvement occurs as a result
of a change in the "ex ante" optimal level of self-protection. Emphasis on
the ex ante nature of the improvement in the efficient use of self-protection
is important and is illustrated by the result that an increase in information
leads to a reduction in the level of self-protection for members of the high
risk category and an increase for members of the low risk category even when
the marginal productivity of self-protection is identical for both groups.

As mentioned at the beginning of this section, however, it is also

possible that an individual will purchase full coverage insurance and employ

{¢

”
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no self-protection., This being the case, it is also important to incorporate
the effects that changing information has on the price of insurance and the
decision to rely exclusively on insurance or exclusively on self-protection,
Rather than providing a complete taxonomy of results for each of Cases A, B
and C and all the possibilities of full coverage insurance versus no
insurance only, two groups of possibilities are considered. These two
possible results are sufficiently comprehensive for our purposes as they
provide opposing conclusions and offer the insight desired.

Firstly, suppose that both before and after the extent of information
increases all individuals purchase full coverage insurance. This being the
case, no self-protection is employed in any situation so that expected
aggregate income remains unchanged., It is clear that for Cases A and B
members of the high risk category must pay a higher price for insurance after
the increase in information while members of the low risk category pay less.
Therefore, information provides no efficiency benefits and worsens the
distribution of :lncome.]9 The consequence is a reduction in the level of
welfare (W),

Alternatively, suppose that before the extent of information increases
everyone purchases full-coverage insurance while after information increases
members of one of the two categories do not purchase insurance and instead
rely exclusively on self-protection., For Case C (see Figure 7) it is clear
that the expected utility obtained by members of the low risk category is
greater than that obtained by members of the high risk category when individuals
rely exclusively on self-protection (i.e., purchase no insurance). Since they

experience the same expected utility when full insurance is purchased and
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self-protection is zero (i.e., before the increase in e) thgn as information in-
creases continuously members of the low risk category are the first to switch
from purchasing insurance to using self-protection., Since expected utility
doesn't change for those who continue to buy full insurance (since §(0) = 0)

an increase in information leads to a Pareto-improvement in welfare and,

a fortiori, an increase in W, This result is preserved as high risk category

members also change their decision. However, the same cannot be said for Cases
A and B as 6(0) # 0 and an increase in e leads to an increase in the insurance
premium for members of the high risk category.

The former of the above two results highlights the possibility of an
adverse distributive effect that an increase in information can cause when
insurance is purchased. The second of the results emphasizes the efficiency
potential of information with respect to the dichotomous choice of relying
exclusively on self-protection or insurance. This provides an interesting
augmentation to Theorem 4,1(i) which takes account of the benefit of information
in improving the use of self-protection in a marginal context. The following

theorems summarize these results,

* *
Theorem 5,2 Suppose full coverage insurance (implying Sy = 8, < 0) is

purchased before and after an increase in information. This being the case,
welfare as measured by the Utilitarian social welfare function is either

reduced (Cases A and B) or unchanged (Case C).

* %
Theorem 5.3 Suppose full coverage insurance (implying sy = 8, = 0) is

purchased before an increase in information but that members of one risk
category (at least) do not purchase insurance afterwards. This being the
case, a Pareto-improvement in welfare occurs for Case C and, a fortiori,
social welfare (W) increases. Some distributive risk will generally be

associated with Cases A and B,
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6. The Value of Information with Moral Hazard
If a firm cannot observe the level of self-protection employed by
. a consumer but can observe the consumer's aggregate insurance purchases then
the firm can infer the level of self-protection (s) from the amount of
insurance purchased (0). Nevertheless, a change in O leads to a change
in the optimal level of s chosen by the consumer and since s cannot be
directly monitored only a second-best contract can be constructed. This
is an example of the well-known problem of moral hazard (see Section 2.4).
Since contracts are not made contingent on the level of self-protectionm,
information concerning differences in individuals' safety technology cannot
be used directly to improve the efficiency of contracts, However, such

information will have an impact on the price of insurance offered to various

LN

types of individuals and so indirectly will affect the level of self-protection
chosen by individuals, Therefore, information has both equity and efficiency
effects, As is seen below, the analysis for this section demonstrates an
interesting combination of effects analogous to those found in Sections 4 and
5. Comparisons are reserved for the end of this section.

Using, once again, yi to denote income received by members of category
c(=H,L) in state j (=g,b) and letting (GE,BC) represent the insurance contract

(i.e., the price schedule) for individuals in risk category ¢ it follows that

&
c

Ve =Y¥-Be - S (31)

yz y-d+0£c-sc (52)

The insurer chooses ab, Bc such that

- ap (s)
-.cc _c 3
Bc 1_pc(sc) (53)
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The insurer cannot observe directly the level of 8¢ but.can infer it from the
individual's choice of .
A consumer in risk category c chooses the level of self-protection
(sc) and insurance coverage (0%) (taking equation (53) into account) so as
to maximize expected utility; that is
max EU_ = (1-p_(s)u(r®) + p (s)u(z) (54)

Q48
c’’c

which gives rise to the following first-order conditions:

®U, o g
s, = p(s) luly) ~uyd1-(1-p (s ))u’(y))
-p (s )u'(yD) = 0 (55
aEUc a'Bc: 7, g t, b
3 B3 (1 -p (s Nu'(y) +p (s )u(y) =0 (56)

Expected utility for a member of risk category ¢ can be written as
a function of the parameter e, representing the extent of information, and

the endogenous variables o, and 8.3 that is, EU(ac,sc;e). Therefore,

dEU OEU OEU dor, aEuc ds,

c c _¢c
de  Oe "'Bac de T Bsc de G

According to the envelope theorem (i.e., equations (55) and (56)) the first

two terms on the right side of equation (57) vanish, Therefore,

dEU. dp.
2 = o(sp) [utyp) - uB) 1 - 2 (1-p(su’GH (59
Cchonsta.nt
dEU. dag
——deL = kﬁ(s:) [u(y$) -u(yg)l - deL (-p (e’ (59

CXL constant

o

(e



43

We can now consider the impact of an increase in information on the

Utilitarian social welfare function which can be written as follows:

* % % %
W(sys sy, 0y00p5€) = Ky By + K EO, (60)

Using equations (57), (58) and (59) it follows that

% = Kﬂfﬁ(s:) [u(yﬁ) -uy) 1+ 6(s:> [u(y%) - u(yz) ]

S, A - p.(s))u (58

Pui ) o’y

de OLHconstant pH SH H KH
dp %

- (=D (1 -p (s)u’sD) (61)
de O'.Lconstant L SL N yL KL

Upon comparison of equation (61) with equation (49) we see that the first

L]

term of equation (61) represents an efficiency effect of increased information.

- One noteworthy difference persists, however, since yg in equation (61) takes

. . . g * % b * Kk

into account insurance purchases (i.e., Yo = Y-8, B, and y, =y~ s, T, - d).
The next two terms of equation (61) represent the price effects of increasing
information. Using equation (53) and the definition pL(sL) =p£(sL) + (qh-ek) 5(sL)
and pH(sH) = P,G(SH) + (qh+e) 5(sﬁ) we get the following result for the

price effects:

*
aﬂﬁ(sﬂ)

ice effects = K { w(yd) - ———u'GB]  (62)
price ects KH i -pL(s:)] L . -pﬂ(s:)] B

Therefore, although we can combine previous results from which comparisons
s can be made, the issue of the value of information when moral hazard persists
is more difficult to analyze than for the previously considered information

2
structure. At least we can identify the various effects,
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7. Conclusions

The problem of moral hazard in the principal-agent relationship has
been studied extensively in the recent economics literature, However, most
of these studies assume that agents are homogeneous., Models depicting
adverse selection, in which individuals are heterogeneous, generally ignore
the problem of moral hazard (e.g., see Rothschild and Stiglitz [1976],

Wilson [1977], and Hoy [1982]). In this paper a model of an insurance market
in which individuals differ according to safety technologies rather than
simply on the basis of exogenously determined probabilities is presented.

The analysis does not, however, represent a merging of the problems of adverse
selection and moral hazard since information concerning differences between
individuals' safety technologies is assumed to be symmetric. Therefore, the
analysis here is perhaps better thought of as an extension of the moral hazard
literature than of the adverse selection literature. However, if one were to
alter this model by assuming that the insured (agent) knows his own safety
technology but the insurer (principal) is not, at least initially, privy to
this information then the problems of adverse selection and moral hazard would
be truly combined.

Holmstr®m [1979] and Shavell [1979a] have recently considered the value
of imperfect information in the context of a principal and agent model with
moral hazard. However, their analysis is quite different from that used in
this paper. In their models agents are homogeneous and information relates
to the imperfect observation of the level of effort taken by the agent or,
in this case, the level of self-protection. In the models presented in

this paper agents are heterogeneous and information relates to the imperfect

{3

i
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matching of individuals to safety technologies.
Besides analyzing the effects of increasing information used to
match individuals to their appropriate safety technologies when moral hazard
persists, this paper also considers this phenomenon for related models in the
principal and agent domain. These other instances include the cases where
self-protection (the agent's actions) is observable to the firm as well
as the case where an agent's aggregate insurance purchases (as well as his
level of self-protection) are unobservable to the firm. From a policy
perspective all of these results are of interest since any particular information
structure is possible; which one of these that will actually persist in a
particular situation depends on the costs of making the relevant observationms.
Although this paper uses the example of an insurance problem, the
results can be extended in a straightforward manner to the general principal-
agent problem, For example, MacDonald [1982] presents a model where
information which improves the matching of workers' skills to appropriate tasks
becomes available symmetrically to worker (agent) and employer (principal) .
Using the results of this paper one could investigate further this phenomenon
when implicit or explicit insurance on wage variations is present (e.g., provided
by the employer or a union) and where the observability or nonobservability
of effort provided by the worker is also a relevant possibility, The particular
information structure which is assumed has an important impact on the model,
There are further interesting aspects of the problem presented in this
paper which could be considered. The extent of information concerning the

matching of individuals to their safety technologies is assumed in this paper to
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be detérmined exogenously. Interesting insights might be provided by a model
which treated information endogenously. The extent to which firms will invest
in such information acquisition may depend on such factors as market structure.z1
It may also be interesting to try various explicit methods for modelling
information acquisition. Suppose, for example, that we use past experience
as a method of acquiring information on an individual's safety technology. If
complete technologies are unknown (i.e., ph(s), pz(s) or pH(s), pL(s)) then
individuals will probably change their behavior (level of s) as they gain more
experience concerning their loss probabilities. The result may be an
jdentification problem; namely, is a change in one's loss experience an
indication of risk class membership or an effect resulting from an alteration
in the level of self-protection chosen. Such problems are eliminated in this

paper as information is treated as if it were obtained by controlled

experimentation,

-

1]
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Appendix A

Summary of Notation

insured's expenditure on self-protection
loss sustained in state with accident

payout (net of premium) paid in state with
accident

premium paid if no accident occurs

probability of accident given level of self-
protection s

assume: p' <0, p” >0, p(0)=p > 0,
p(®) =p <1,0<p(s) <1 Vs,

certain income, y 2> d

income if no accident (good state)

income if accident occurs (bad state)
Note: In some instances B =Q =0 or s = O.

index for risk types: i=h for high risk
types, i=4 for low risk types

index applies to risk category: c¢=H for
high risk category, c¢=1L for low risk
category.

extent of information (defined below)

number of individuals of risk type i in
population

number of individuals in category c
total number of individuals (Nh+N£=KH+KL=N)

number of individuals of risk type i assigned
to category ¢

T Nt = &y
) nentop T KL

Dyy + nLL =



ic

5L %4

Pi(S)

P (s)

(@B

EU
c
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Proportion of individuals who are of risk
type i in the aggregate population (qi = Ni/N)

Proportion of individuals who are of risk
type i in category ¢ (0 < a4, <1.

s q£+qh=1, q£L+th=1, Gty =1

is defined so that

7

Yy = 9 +e, 0Oses=s I-qh
@ Qg T, tek

Qpr, = 9 - ek

Qg = g = & cm

amount of self-protection employed by members

of the low and high risk categories respectively
probability of loss for risk type i

define: ph(s) = py(s) + 8(s), 8(s) 20
perceived probability of loss for members of
risk category c .

.o pc(S) = qchz(S) + thph(S)

\®

insurance contract offered to members of
category c

price of full coverage insurance to members
of category c¢

income received by members of risk category c
in state j; c¢=H,L; j=g,b

expected income generated by a risk type i
individual assigned to category c

average per capita expected income

actual expected utility for an individual of
risk type i in category c¢

actual expected utility for an individual of
risk type 1

perceived expected utility for a member of
risk category c¢
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Appendix B
The following comparative statics exercise refers to Section 6. The

exercise is completed only for members of the high risk category.

Consumer: max~ EU = [1 - pH(sH)]u(yfI) + pH(sH)u(YE)

*w%
where yg=y- B, - 8
H H H
b
Y = - d + aH - 8y

By = f(aH,sH(aH;e);e)

‘with Eﬂﬁ =-I:E- +'—————§—§g§ s from eqn. (13)
Oy Py (l-pH)

f.o.c.

OEU

S = Fr (s pogpe) = (s ) [u(rn) = uG8) = [opy(s 1o’ oB) - o’ 75 = 0

QEU _ 2 oy _df /. 8 N
Sy T ) = [opglep] ¢ G0 0 + pyleyu’ G = 0
- L
de aaH asH de
= ¥ -
. ds, ) de aagu do, ) BSH N de
"t de 1J1 > de M
x
asH o
where |J| = 2 9| > 0 from second order conditions
oF  OF
osy oo
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+ pyls H)u (yH)

1 .
% ) pH(s e’ (yH) + 5 aH u (yfl)] + a"’n’%ﬂ “”(Ylgi) - Py u” (yi) - Py u"(y;)

S = Plsp) G- v O05) + (opye )] SE- dor, ¥ O + Pl Op) - pylep’ G

2
%QE_H < - -;H[l-pn(s N 8 + G- ) [1-py (e )]’ 55) + (s )

5 = Y '(sH)[u(y;) - u(yg)] + 6(s )[u (yH) - (yH)] + pH(s '’ (yH) dt

+ [opy(slu” (8) &£

2
gz = 8(s) —a'}'l uf (yH [1-py(s)] dg4§e u’ (yH) + [1-py (s )]( aH) u’ (v g) df
+ 8(sp’ (7o)
oF" aF
where <— and < 0 for s.0.cC.
38, BOLH

1 2 2
However, BF OF s oOF N OF cannot be signed.
de BOLH BsH de
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Footnotes

N .
Chin Lim, Glenn MacDonald and John McMillan provided helpful

suggestions to an earlier version of this paper.

1The possibility that information may have undesirable equity effects
is illustrated by Hirshleifer [1971]. MacDonald [1982] provides a notable
exception to the use of models with homogeneous technologies and concentrates
on the efficiency effects of information which improves the match between
agents' skills and their job assignments. A richer set of information
structures is considered in this paper as well as explicit concern for

equity effects.

21n a book which provides numerous interesting examples of such
relationships, Harsanyi and Hutton [1981, p. 22] note that "Every disease has
both environmental and genetic components...(and that)...the relative

weights of (these) factors vary according to the disease."

3Per capita expected income is E§ = [L-p(s)](y-s) + p(s)(y-d-s).

Choosing s to maximize Ey gives p’ (s) = -~%.

4If utility is state-dependent this conclusion does not necessarily

follow.

5In the papers by Pauly [1974], Shavell [1979b] and in this paper it is
assumed that the model is "well-behaved". In particular it is assumed that in-
difference curvesin g-p space are quasi-concave and the consumer's second
order conditions hold for interior solutions. Arnott and Stiglitz [1982]
demonstrate that with the presence of self-protection (effort in their case)
this condition does not follow necessarily from the assumption of risk aversion.
Nevertheless, we will treat the problem here as if it were well-behaved mathe-
matically without giving the explicit conditions (see Arnott and Stiglitz

[1982]).
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6Arrow [1971] provides an example of such a technique for distinguishing
among individuals with f being utility, e being educational attainment and

£ being ability.

7Arrow [1971] uses an analogous set of conditions to determine an
optimal expenditure rule (e.g., on education) over a heterogeneous group

of individuals.

8The presence of the antigen HLA-Dw3 is a marker (predictor) of the
characteristic § = Gh. The analysis of this paper allows for any degree

of accuracy of such markers or other types of information.
9This is likely to be the case when information is embodied by a

statistical correlation between a (costlessly) observable personal

characteristic and an individual's risk type.

10
Average per capita expected income, which equals actual average
income when full insurance is purchased, is Ey = qh[(l-ph(sh))(w-sh) +

Py, (8, W-d-s, )] + q,[A-p, & DW-5,) + P,(s,)(W-d-s,)]. Solving the problem
max E;r gives rise to choices of 8, = si‘ and 8, = sl’: to maximize Ey-r.

8 ,,8

4h

Therefore, in case A information has only distributive consequences (i.e.,
* * *

8, =8, = sh).

llt is easily seen from Figures 5, 6 and 7 that 6(3;:) 2 6(33) with
equality holding for Case ; The term KH has little significance since the
actual improvement in matching depends simultaneously ou-l([_I and the size of
the change in e. Taking KH as fixed implies that all relevant measurement
of information improvements depends on the size. of the change in e. ©Note,

however , that perfect information (i.e., Yy = l, q 2 =0 1)

> g, = 05 Ay, =
is possible only if Kﬂ = Nh

~
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12
That is, an increase in e has a direct effect on Py the perceived

probability of loss for individuals in the high risk categor&. Since an increase
in e increases Py it also results in a higher price of insurance. However,

an increase in e also leads to a better perception of their safety technology
which may lead to a more efficient use of s which either reduces Py °F elimi-.

nates some nonproductive expenditure on s.

3
It is not surprising that an increase in information leads to an increase
in welfare for the utilitarian social welfare function under conditions of risk

neutrality since aggregate expected income rises.

Y 4
14 u (y,,)
As y_ rises and y. falls the ratio —r——g— increases. An increase in A
L H u (yp)

increases 6(3:) and 6(s§) by equal amounts. Since 6(s:)>’6(s;) it follows that

5(s¥)

i falls as a result of an increase in A. From equation (39) it is obvious
6(s )

H
that both of these effects increase the likelihood that %g‘will be negative.

15From previous definitions it follows that the modified loss probability

perceived by individuals in risk category c is p:(s) = thp;(s)‘+ qch;(s).

Substitution for p* = p, (s) +-l— A and p* =p,(s) - L A and use of equation set
h h 9, ) ) q,

4 * = L L * = - .1—- ‘ .1_.
(17) leads to p,(s) = py(s) + ea(qh + qJ(,‘)A and p_(s) =p,(s) eK(qn + qz)A'

* % * * % % * ok
The price of insurance is PH(sH) > PH(S;) and PL(SL) < PL(sL) where Pc(sL)
is the price of insurance in the modified case. Therefore, an increase in 4
increases the price of insurance for members of the high risk category and
decreases it.for members of the low risk category. The results discussed in

footnote 14 then follow.

6 . »
Notice that an increase in information for Case A is like an increase in

the autonomous difference between safety technologies.
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If for Case B an increase in information leads to a greater use of s
for low risk fypes and a reduction in s for high risk types then ex post effi-
ciency may be worsened since s is relatively more effective in reducing losses

for high risk types.

18
Note that actual probabilities rather than perceived probabilities are

used in construction of EUic' This convention is uncontroversial here since
the utilitarian socialnwelfare function is used and expectations are rational
in an overall frequency sense. The use of perceived versus actual proba-
bilities may otherwise be viewed as controversial if a different social welfare

function is used. For an explanation, see Hammond [1l98l].
19 . . . . .
Information has no distributive impact in Case C since pz(o) = ph(o) =
p,(0) = py(0).
20The comparative statics for this section are presented in Appendix B e

and demonstrate the difficulty of signing the expressions.

21The extent to which a firm's information is reflected in prices may
influence the incentive to acquire information (see Grossman and Stiglitz [1980]).

Market structure is another factor which is likely to be important.
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