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Abstract

In this survey we present some of the more significant results in the literature
on adverse selection in insurance markets. Sections 1 and 2 introduce the sub-
ject and section 3 discusses the monopoly model developed by Stiglitz (1977) for
the case of single-period contracts and extended by many authors to the multi-
period case. The introduction of multi-period contracts raises many issues that
are discussed in detail : time horizon, discounting, commitment of the parties,
contract renegotiation and accidents underreporting. Section 4 covers the liter-
ature on competitive contracts. The analysis becomes more complicated since
insurance companies must take into account competitive pressures when they
set incentives contracts. As pointed out by Rothschild and Stiglitz (1976), there
is not necessarily a Cournot-Nash equilibrium in presence of adverse selection.
However, market equilibrium can be sustained when principals anticipate com-
petitive reactions to their behaviour or when they adopt strategies that differ
from the pure Nash strategy. Multi-period contracting is discussed. We show
that different predictions on the evolution of insurer profits over time can be
obtained from different assumptions concerning the sharing of information be-
tween insurers about individual’s choice of contracts and accidents experience.
The roles of commitment and renegotiation between the parties to the contract
are important. Section 5 introduces models that consider moral hazard and ad-
verse selection simultaneously and section 6 treats adverse selection when people
can choose their risk status. Section 7 discusses many extensions to the basic
models such as risk categorization, different risk aversion, symmetric imperfect
information, multiple risks, principals more informed than agents and uberrima
fides.

Keywords : adverse selection, insurance markets, monopoly, competitive
contracts, self- selection mechanisms, single-period contracts, multi-period con-
tracts, commitment, contract renegotiation, accidents underreporting, risk cat-
egorization.

JEL Numbers : D80, D81, G22.

Dans cette revue de la littérature, nous présentons les résultats les plus
pertinents sur l'antisélection dans les marchés d’assurance. Les sections 1 et
2 introduisent le sujet, alors que la section 3 discute du modele de monopole
développé par Stiglitz (1977) pour le cas a une période et développé sur plusieurs
périodes par la suite. La section 4 couvre le marché concurrentiel. L’existence
de T’équilibre et son optimalité sont discutées en détail en utilisant différents
concepts, dont celui de Cournot-Nash et celui de Wilson. Les contrats multi-
périodiques sont aussi revus en détail. Nous montrons que les roles des en-
gagements et de la renégociation sont importants pour expliquer différentes
caractéristiques des contrats observés dans différents marchés. La section 5 in-
troduit le risque moral, alors que la section 6 permet aux individus de choisir
leur type de risque. Finalement, la section 7 conclut en introduisant toute une
série d’extensions.

Mots clés : Antisélection, marchés d’assurance, monopole, concurrence, mé-
canisme d’autosélection, contrats & une période, contrats a plusieurs périodes,



engagement, renégociation des contrats, sous-déclaration des accidents, caté-
gorisation des risques.
Classification JEL : D80, D81, G22.

1 Introduction

In 1996, the European Group of Risk and Insurance Economists used its annual
meeting to celebrate the twenty-year birthday of the Rothschild and Stiglitz
(1976) article: “Equilibrium in Competitive Insurance Markets: An Essay in
the Economics of Imperfect Information”. At this meeting, many papers on
adverse selection were presented and a subset of these presentations is now
published in a 1997 issue of the Geneva Papers on Risk and Insurance Theory.

One of these articles was written by Rothschild and Stiglitz (1997) them-
selves. Their main topic was the role of competition in insurance markets, with
an emphasis on underwriting in a world with imperfect information. They argue
that insurance competition using underwriting on preexisting conditions (such
as genetic conditions) can limit the welfare benefits of insurance. In this survey,
we are mainly limited to a subset of situations involving imperfect information
in the insured-insurer relationship since we analyse situations of standard ad-
verse selection where the insured has more information about his risk than the
insurer. However, we will consider extensions where insurers learning activities
on individual characteristics that are not known by the insureds. We will also
drop the assumption that risks are exogenous to individuals.

Adverse selection can be a significant resource allocation problem in many
markets. In automobile insurance markets, risk classification is mainly explained
by adverse selection. In health insurance, different insurance policies or con-
tracts are offered to obtain some self-selection between different groups. In life
insurance, the screening of new clients with medical exams is an accepted ac-
tivity also justified by asymmetrical information between the insurer and the
insured. These three resource allocation mechanisms can be complements or
substitutes and adverse selection is not always a necessary condition for their
presence. For example, in automobile insurance, we observe that insurers use
risk classification and different deductible policies. Risk classification is usually
justified by adverse selection, but the presence of different deductibles can also
be explained by proportional transaction costs with different observable risks. A
difficult empirical test is to verify whether the presence of different deductibles
is justified by residual adverse selection or not! Another empirical test would be
to verify whether bonus-malus schemes or multiperiod contracts with memory
are explained in different markets by the presence of moral hazard, or by that of
adverse selection or both. We shall not discuss these tests or these mechanisms
in detail here, since other chapters of this book are concerned with these issues



(Chiappori, 2000, Dionne, 2000). Instead, we will review the major allocation
mechanisms that can be justified by the presence of adverse selection. An em-
phasis will be put on self-selection mechanisms in one-period contracting since a
large part of the literature was devoted to this subject in the early literature (on
risk classification, see Crocker and Snow, 2000). We will also discuss in detail
some extensions of these basic models. Particularly, the role of multi-period
contracting will be reviewed in detail. Finally, we will discuss the more recent
contributions that focus on the effect of modifying the basic assumptions of the
standard models. In particular, we will see how introducing moral hazard in the
basic Rothschild and Stiglitz (1976) model affects the conclusions about both
the nature and the existence of an equilibrium. The same exercise will be done
for the monopoly model. Another subject will be insurance when individuals
can choose their risk status. Other extensions concern the introduction of mul-
tiple risks, adverse selection and uberrima fides, the consideration of different
risk averse individuals, the consideration of imprecise information about acci-
dent probabilities, and even, the case where the insurer is more informed than
the insured about loss probabilities. This survey has to be considered as an
update of Dionne and Doherty (1992).

2 Basic assumptions and some fundamental re-
sults

Without asymmetric information and under the standard assumptions of insur-
ance models that we shall use in this article (same attitude toward risk and
same risk aversion for all individuals in all classes of risk, one source of risk,
risk neutrality on the supply side, no transaction cost in the supply of insur-
ance, and no moral hazard), a Pareto optimal solution is characterized by full
insurance coverage for all individuals in each class of risk. Each insured sets his
optimal consumption level according to his certain wealth. No other financial
institution is required to obtain this level of welfare. Both risk categorization
and self-selection mechanisms are redundant. There is no need for multi-period
insurance contracts since they are not superior to a sequence of one-period con-
tracts. Finally, the two standard theorems of welfare economics hold and market
prices of insurance are equal to the corresponding social opportunity costs.

In insurance markets, adverse selection results from asymmetric informa-
tion between the insured (agent) and the insurer (principal). The insureds are
heterogeneous with respect to their expected loss and have more information
than the insurance company which is unable to differentiate between risk types.
Naturally, the high risk individual has no incentive to reveal his true risk which
is costly to observe by the insurer. As pointed out by Arrow, a pooling of risks
is often observed in insurance markets. “In fact, however, there is a tendency
to equalize rather than to differentiate premiums... This constitutes, in effect,



a redistribution of income from those with a low propensity of illness to those
with a high propensity...” (Arrow, 1963; p. 964).

Akerlof (1970) showed that if all insurers have imperfect information on
individual risks, an insurance market may not exist, or if it exists, it may not be
efficient. He proposed an explanation of why, for example, people over 65 have
great difficulty in buying medical insurance : “the result is that the average
medical condition of insurance applicants deteriorates as the price level rises
- with the result that no insurance sales may take place at any price” (1970;
p.- 492). The seminal contributions of Akerlof and Arrow have generated a
proliferation of models on adverse selection. In this survey we shall, however,
confine attention to a limited subset. Many authors have proposed mechanisms
to reduce the inefficiency associated with adverse selection : the “self-selection
mechanism” in one period contracts which induces policyholders to reveal hidden
information by selection from a menu of contracts, (Rothschild and Stiglitz,
1976; Stiglitz, 1977; Wilson, 1977; Miyazaki, 1977; Spence, 1978; Hellwig, 1986),
the “categorization of risks” (Hoy, 1982; Crocker and Snow, 1985, 1986, 2000),
and “multi-period contracting” (Dionne, 1983; Dionne and Lasserre, 1985, 1987;
Kunreuther and Pauly, 1985; Cooper and Hayes, 1987; Hosios and Peters, 1989;
Nilssen, 1990; Dionne and Doherty, 1994; Fombaron, 1997b, 2000). All of them
address private market mechanisms. In the first case, insurers offer a menu
of policies with different prices and quantity levels so that different risk types
choose different insurance policies. Pareto improvements for resource allocation
with respect to the single contract solution with an average premium to all
clients can be obtained. In the second case, insurers use imperfect information
to categorize risks and, under certain conditions, it is also possible to obtain
Pareto improvements for resource allocation. In the third case, insurers use the
information related to the past experience of the insured as a sorting device (i.e.
to motivate high risk individuals to reveal their true risk ex ante).

Before proceeding let us comment briefly on some standard assumptions. We
assume that all individuals maximize expected utility. The utility functions of
the individuals in each risk group are identical, strictly concave and satisfy the
von Neumann-Morgenstern axioms. Utility is time independent, time additive
and state-independent. In many models there is no discounting. Individuals
start each period with a given wealth, W, which is non random. To avoid
problems of bankruptcy, the value of the risky asset is lower than W. All risks
in the individual’s portfolio are assumed to be insurable. Income received in a
given period is consumed in that period; effectively there is no saving and no
banking. Insurers are risk neutral and maximize the value of their cash flows or
profits. Insurers write exclusive insurance contracts and there are no transaction
costs in the supply of insurance. Finally, the insureds are assumed to be unable
to influence either the probabilities of accident or the damages due to accidents;
this rules out any problem of moral hazard.

To simplify the presentation we explicitly assume that insurers are risk neu-
tral. An equivalent assumption is that insurers are well diversified in the sense



that much of their total risk is diversified by their own equity holders in the
management of their personal portfolios. The presence of transaction costs
would not affect the qualitative conclusions concerning the effects of adverse
selection on resource allocation in insurance markets (see Dionne, Gouriéroux
and Vanasse, 1998, for more details). However, proportional transaction costs
(or proportional loadings) are sufficient to explain partial insurance coverage
and their explicit introduction in the analysis would modify some conclusions in
the reference models. For example, each individual in each class of risk would
buy less than full insurance in presence of full information and the introduction
of adverse selection will decrease further the optimal coverage for the low risk
individuals. Consequently the presence of adverse selection is not a necessary
condition to obtain different deductibles in insurance markets.

The presence of many sources of non insurable risks or of many risky assets
in individual portfolios is also an empirical fact that is not considered in the
models. As long as these risks are independent, the conclusions should not be
affected significantly. However, the optimal portfolio and insurance decisions in
the presence of many correlated risks and asymmetrical information in one or
in many markets is still an open question in the literature.

In reality, we observe that banks coexist with insurers who offer multi-period
insurance contracts. The presence of saving and banking may change the con-
clusions obtained for multi-period contracts under

asymmetrical information. Particularly, it may modify accidents reporting
strategies and commitment to the contracts. However, with few exceptions
(Allen, 1985, moral hazard; Dionne and Lasserre, 1987, adverse selection; Fu-
denberg, Holmstrom and Milgrom, 1986, moral hazard; Caillaud, Dionne and
Jullien, 1999, insurance and debt with moral hazard. See Chiappori et al., 1994,
for detailed discussion of different issues) research on principal-agent relation-
ships has not envisaged the simultaneous presence of several alternative types
of institutions.

The assumption of exclusive insurance contracting is discussed in Section 4
and some aspects of the discounting issues are discussed in Section 3. There
remain the assumptions on the utility function. Although the theory of decision
making under uncertainty has be challenged since its formal introduction by
von Neumann and Morgenstern (Machina, 1987, 2000), it has produced very
useful analytical tools for the study of optimal contracts such as, for example,
optimal insurance coverage and the associated comparative statics, as well as
the design of optimal contracts under moral hazard or the characterization of
optimal insurance policies under adverse selection. In fact, very few contribu-
tions use non-linear models in insurance literature (see however Karni, 1992;
Gollier, 2000; Doherty and Eeckhoudt, 1995) and none of these has addressed
the adverse selection problem. In this survey we then limit the discussion to
the linear expected utility model. We also assume that utility functions are not
function of the states of the world and that all individuals in all classes of risks



have the same level of risk aversion. As we will see, some of these assumptions
are not necessary to get the desired results but permit the discussion to focus
on differences in the risk types.

3 Monopoly

3.1 Public information

There are two possible states of the world (z € {n,a}) : state (n), “no accident”
having the probability (1 — p;) and state (a), “accident” having the probability
0 < p; < 1. Consumers differ only by their probability of accident. For sim-
plicity, there are two types of risk in the economy (i € {H, L} for high and low
risk) with pyg > pr. Each consumer owns a risky asset with monetary value
D(z); D(a) = 0 in state (a) and D(n) = D in state (n). Therefore the expected
damage for a consumer of type ¢ (E;D(x)) is p; D.

Under public information and without transaction cost, a risk neutral private
monopoly! would offer insurance coverage (net of premium) (/3;) for an insurance
premium (¢;) such that a consumer will be indifferent between purchasing the
policy and having no insurance (Stiglitz, 1977). In other words, the private
monopolist maximizes his total profit over «;, 8; and A;:

Problem 1

Max)\i Zqi (1 —pi) s —piB;) (1)

Qg Bi)

under the individual rationality (or participating) constraints

V(Ci | pi) = V(C® | pi) >0 i=H,L 2

where V(C; | p;) is the expected utility under the contract C; = {ay, 8;} :

V(Ci|pi)) =piUW =D+ 3;)+ (1 —p;) UW — a);

U(-) is a twice differentiable, strictly increasing and strictly concave function
of final wealth(U'(-) > 0,U"(-) < 0);

W is non random initial wealth;

CY denotes self-insurance; C° = {0, 0} implies that

1For an analysis of several reasons why a monopoly behavior in insurance markets should
be considered, see Dahlby (1987). For examples of markets with a monopoly insurer see
D’Arcy and Doherty (1990) and Dionne and Vanasse (1992).



V(CY | pi) = pUW — D)+ (1 —p;) UW); V(C° | p;) is the reservation
utility. Below this level, individuals will self insure.

q; is the number of policies sold to consumers of type i;

A; is a Lagrangian multiplier for constraint (2).

It is well known that full insurance, 8; = D — «of (for ¢ = H, L), is the
solution to the above problem and that (2) is binding for both classes of risk,
which means that

V(C; | pi) =V(C° | p;) i=H,L

or
* *
o =piD+ 27,

where 2z} is the maximum unit-profit (or the Arrow-Pratt risk premium) on
each policy. In other words z} solves : U(W —p;D — zF) = p,U(W — D) + (1 —
p)UW).

The private monopoly extracts all the consumer surplus. However, there is
no efficiency cost since each individual buys full insurance as under perfect com-
petition®. This is the classical result that Pareto efficient risk sharing between a
risk-averse agent and a risk- neutral principal shifts all the risk to the principal.
To sum up we can write :

Proposition 1 In presence of public information about insureds’ underlying
risk, an optimal contract between a private monopolist and any individual of
type i is characterized by :

a) full insurance coverage, ; = D — a;

b) no consumer surplus, V(CF | p;) = V(C° | p;).

Both solutions are shown at C}; and C} in Figure 1 where C? is the “initial
endowment” or self-insurance situation and where the vertical axis is wealth in
the accident or loss state and the horizontal axis is wealth in the no-loss state.

Insert Figure 1 here.

Any point to the north-west of C° and below or on the 45° degree line
represents the wealth of the insured with any contract where o; > 0 and 3, > 0.
Since the monopoly solution implies no consumer surplus, it must lie on each

2 As in the perfect discrimination case, the monopolist charges a price of insurance to each
consumer equal to marginal cost. All potential consumer surplus is collected into monopoly
profits so there is no dead weight loss. This result would not be obtained with a proportional
loading or unit profit.



risk type indifference curve passing through C°. These indifference curves are
strictly convex since U(+) is strictly concave by assumption®.

3.2 Private information and single-period contracts

Under private information the insurer does not observe the individual’s risk
types*, and must introduce mechanisms to ensure that agents will reveal this
characteristic. Stiglitz (1977) extended the Rothschild-Stiglitz (1976) model to
the monopoly case. In both contributions, price-quantity contracts® permit the
separation of risks by introducing incentives for individuals to reveal their type.
Low risk individuals reveal their identity by purchasing a policy which offers
limited coverage at a low unit price. Thus they trade off insurance protection
to signal their identity. Formally, risk revelation is obtained by adding two
self-selection constraints to Problem 1 :

i#J

Equation (3) guarantees that individual i prefers C; to C;. Let us use Agr,
and Ap g for the corresponding Lagrangian multipliers where gy, is for the self-
selection constraint of the H type risk and Ay g is that for the L type. Ay and
ArLg cannot both be positiveﬁ. From Figure 1 it is easy to observe that, if the
high risk individuals are indifferent between both contracts (Agz > 0), the low
risk individuals will strictly prefer their own contracts (ALy = 0). Moreover,
Arp cannot be positive when Ay, is zero since this leads to a violation of (2).
Therefore, a feasible solution can be obtained only when Ay > 0 and Apg = 0.

Figure 1 shows the solution to the maximization of (1) subject to (2) and
(3) where low risk individuals choose a positive quantity of insurance” 57 > 0

3Since individuals of different types have the same degree of risk aversion, at each point
in the figure, the absolute value of the slope of the high-risk indifference curve is lower than
that of the low-risk individual. For example at point C°, U (W)(1 — pg)/U (W — D)py <
U'(W)(1 —pr)/U (W — D)pr. At equilibrium points Cj; and C7}, the respective slopes (in
absolute values) are (1 —pg) /pg and (1 —pr) /pr. This is true since under full insurance,
the insured of type ¢ has W — p; D — 27 in each state.

4For models where neither the insurer nor the insured know the individuals’ probabilities of
accident, see Palfrey and Spatt (1985), Malueg (1988), Boyer, Dionne and Kihlstrom (1989)
and De Garidel (1997).

5We limit our discussion to private market mechanisms. On public provision of insurance
and adverse selection, see Pauly (1974) and Dahlby (1981).

6Technically the preference structure of the model implies that indifference curves of indi-
viduals with different risks cross only once. This single crossing property has been used often
in the sorting literature (Cooper, 1984).

"It is important to note that there is always a separating equilibrium in the monopoly case.
However, the good risk individuals may not have any insurance coverage at the equilibrium.
Property 4 in Stiglitz (1977) establishes that C7* = {0,0} when qg /qr exceeds a critical ratio
of high to low risk individuals where g; is the proportion of individuals ¢ in the economy. The



and high risk individuals buy full insurance coverage (837 = B7%). Separation
of risks and profit maximization imply that V(CF | pu) = V(C}* | pu). As
discussed above, it is clear that (2) and (3) cannot both be binding for the high
risk individuals when it is possible for the low risks to buy insurance. In fact,
Figure 1 indicates that C}; is strictly preferred to Cj; which means that high
risk individuals get some consumer surplus when the monopolist sells insurance
to the low risk individuals. In other words, the rationality constraint (2) is not
binding for the H individuals (A = 0).

Another property of the solution is that good risk individuals do not receive
any consumer surplus (A, > 0). However, as discussed above, they strictly
prefer their contract to the contract offered to the bad risk individuals. In other
words

V(Ci Ipr) =V(C®|pz) and V(Ci*|pr) > V(CE |pz),

which means that the self-selection constraint is not binding for the low risk
individuals while the rationality constraint is.

In conclusion, one-period contracts with a self-selection mechanism increase
the monopoly profits under private information compared with a single contract
without any revelation mechanism, but do not necessarily correspond to the
best risk allocation arrangement under asymmetrical information. In particular,
good risk individuals may not be able to buy any insurance coverage or, if
they can, they are restricted to partial insurance. As we shall see in the next
section, multi-period contracts can be used to relax the binding constraints and
to improve resource allocation under asymmetrical information. In summary

Proposition 2 In the presence of private information, an optimal one-period
contract menu between a private monopoly and individuals of types H and L
has the following characteristics :

a) By =D — a3 81 <D —a3*

b) V(Cy | pr) > V(C° | pu); V(CT* | pr) = V(C° | pL)

o) V(CY [ pr) =V(CT" | pr); V(CT | pL) > V(CE | pL)-

Proof. See Stiglitz (1977). m

Stiglitz (1977) also considered a continuum of agent types and showed that
some of the above results can be obtained under additional conditions. However,
in general, the presence of a continuum of agent types affects the results.?

magnitude of the critical ratio is function of the difference in accident probabilities and of the
size of the damage. Here, in order to have C}* # {0,0}, we assume that gy /qr is below the
critical ratio.

8In other context, Riley (1979a) showed that a competitive Nash equilibrium never exists
in the continuum case (see also Riley, 1985).



3.3 Multi-period insurance contracts

Multi-period contracts are often observed in different markets. For example,
in many countries, drivers buy automobile insurance with the same insurer for
many years and insurers use bonus-malus systems (or experience rating) in order
to relate insurance premiums to the individual’s past experience (Lemaire, 1985;
Henriet and Rochet, 1986; Hey, 1985; Dionne and Vanasse, 1992, 1997). Long
term contracting also is observed in labour markets, workers’ compensation
insurance, service contracts, unemployment insurance and many other markets.
The introduction of multi-period contracts in the analysis gives rise to many
issues such as time horizon, discounting, commitment of the parties, myopic
behaviour, accident underreporting, renegotiation. These issues are discussed
in the following paragraphs.

Multi-period contracts are set, not only to adjust ex-post insurance pre-
miums or insurance coverage to past experience, but also as a sorting device.
They can be a complement or a substitute to standard self-selection mecha-
nisms. However, in presence of full commitment, ex-ante risk announcement
or risk revelation remains necessary to obtain optimal contracts under adverse
selection.

In Cooper and Hayes (1987), multi-period contracts are presented as a com-
plement to one period self-selection constraints. Since imperfect information
reduces the monopolist’s profits, the latter has an incentive to relax the remain-
ing binding constraints by introducing contracts based on anticipated experi-
ence over time. By using price-quantity contracts and full commitment in long
term contracts, Cooper and Hayes introduce a second instrument to induce self-
selection and increase monopoly profits : experience rating increases the cost to
high-risks from masquerading as low-risks by exposing them to second-period
contingent coverages and premia.

Cooper and Hayes’ model opens with a direct extension of the standard one-
period contract presented above to a two-period world with full commitment
on the terms of the contract. There is no discounting and all agents are able
to anticipate the values of the relevant futures variables. In order to increase
profits, the monopolist offers contracts in which premiums and coverages in the
second period are function of accident history in the first period. Accidents are
public information in their model. The two period contract C? is defined by :

2
Ci = {aivﬁiv aiav/giav O‘i’naﬂin}

b2

where a and n mean “accident” and “no accident” in the first period and where
ay; and B;;(I = a,n) are “contingent” choice variables. Conditional on accident
experience, the formal problem consists of maximizing two-period expected prof-
its by choosing C# and C% under the following constraints :

10



V(C? | pi) = 2V(C° | pi) (4.1)

i# ]
where
V(C?p) = pUW —D+8;)+ (1 —p)UW — ;)

+pi [PkUW =D+ B;) + (1 —pi) U(W — aia)]
+(1—pr) [pkUW =D +5,,)+ (1 —pr) U (W — )]
k=i,j 4,5=H,L i#].

The above constraints show that agents are committed to the contracts for
the two periods. In other words, the model does not allow the parties to rene-
gotiate the contract at the end of the first period. Moreover, the principal is
committed to a loss related adjustment of the insurance contract in the second
period negotiated at the beginning of the first period; the insured is committed,
for the second period, to buy the coverage and to pay the premium chosen at
the beginning of the first period. It is also interesting to observe from (4) that
the decisions concerning insurance coverage in each period depend on the an-
ticipated variations in the premiums over time. In other words, (4) establishes
that variations in both premia and coverages in the second period are function
of experience in the first period. Using the above model, Cooper and Hayes
proved the following result :

Proposition 3 In the presence of private information and full commitment,
the monopoly increases its profits by offering an optimal two-period contract
having the following characteristics :

1) High risk individuals obtain full insurance coverage in each period and are
not experience rated R R R

aH = 6}\Hn = aHaa ﬁH = BHa = ﬁHn

where B =D —ag

2) Low risk individuals obtain partial insurance with experience rating

aLn < aL < aLam ﬁLa < BL < BLn

3) Low risk individuals do not obtain any consumer surplus, and high-risk
individuals are indifferent between the two contracts

V(G Ipe) =2V (C |pr),
v (Ch o) =V (G2 Ipn).
Proof. See Cooper and Hayes (1987). m

The authors also discussed an extension of their two-period model to the
case where the length of the contract may be extended to many periods. They

11



showed that the same qualitative results as those in Proposition 3 hold with
many periods.

Dionne (1983) and Dionne and Lasserre (1985, 1987) also investigated multi-
period contracts in presence of both adverse selection”? and full commitment on
the part of the insurer. Their models differ from that of Cooper and Hayes
in many respects. The main differences concern the revelation mechanism, the
sorting device, commitment assumptions and the consideration of statistical in-
formation. Moreover, accidents are private information in their models. Unlike
Cooper and Hayes, Dionne (1983) did not introduce self-selection constraints
in order to obtain risk revelation. Instead risk revelation results from a Stack-
elberg game where the insurer offers a contract in which the individual has to
select an initial premium by making a risk announcement in the first period.
Any agent who claims to be a low risk pays a corresponding low premium as
long as his average loss is less than the expected loss given his declaration (plus
a statistical margin of error to which we shall return). If that condition is not
met, he is offered a penalty premium. Over time, the insurer records the agent’s
claims and offers to reinstate the policy at the low premium whenever the claims

frequency become reasonable again'’.

Following Dionne (1983) and Dionne and Lasserre (1985), the no-claims
discount strategy conmsists of offering two full insurance premiums!! (F! =
{am,ar}) in the first period and for t = 1,2, ...

N(t)
pri1 ) =aqif Y 0°/N (1) < EgD (z) + 55"
s=1
= oy, otherwise
where
g is the full information premium corresponding to the declaration (d),
de {H, L}

0° is the amount of loss in contract period s, 6° € {0, D}

9Townsend (1982) discussed multi-period borrowing-lending schemes. However, his mech-
anism implies a constant transfer in the last period that is not compatible with insurance in
presence of private information.

10This type of “no-claims discount” strategy was first proposed by Radner (1981) and
Rubinstein and Yaari (1983) for the problem of moral hazard (see also Malueg (1986) where
the “good faith” strategy is employed). However, since the two problems of information
differ significantly the models are not identical. First the information here does not concern
the action of the agent (moral hazard) but the type of risk which he represents (adverse
selection). Second, since the action of the insured does not affect the random events, the
sequence of damage levels is not controlled by the insured. The damage function depends
only on the risk type. Third, in the adverse selection model, the insured cannot change his
declaration and therefore cannot depart from his initial risk announcement although he can
always cancel his contract. Therefore, the stronger conditions used by Radner (1981) (robust
epsilon equilibrium) and Rubinstein and Yaari (1983) (“long proof”) are not needed to obtain
the desired results in presence of adverse selection only. The Law of the Iterated logarithm is
sufficient.

11T fact their formal analysis is with a continuum of risk types.

12



ay is a penalty premium. «y is such that U(W — ay) < V(Co | pr)
Ey D(z) is the expected loss corresponding to the announcement (d)
(52“0 is the statistical margin of error

N(t) is the total number of periods with insurance; N(t) < ¢.
N(#)

Therefore, from the construction of the model, >  6°/N (t) is the average
s=1

loss claimed by the insured in the first N(¢) periods. If this number is strictly
less then the declared expected loss plus some margin of error, the insurer offers
ag. Otherwise he offers . The statistical margin of error is used in order not
to penalize too often those who tell the truth. But it has to be small enough to
detect those who try to increase their utility in announcing a risk class inferior
to their true risk. From the Law of the Iterated Logarithm, one can show that

dfiv(t) = \/2703 log log N(t)/N(t), v>1
where o2 is the variance of the individual’s loss corresponding to the declaration
(d) and 6(Iiv(t) converges to zero over time (with arbitrary large values for N(t) =
1,2).

Graphically, we can represent FyD(z) + 6fiv(t) in the following way :

Insert Figure 2 here.
As N(t) — o0, E4D(z) + 63" — E4D(x).
Over time, only a finite number of points representing (26°/N(t)) will have
a value outside the shaded area.

Proposition 4 below shows that the public information allocation of risks is
obtainable using the no-claims discount strategy as T' — oo and as long as the
agents do not discount the future'2.

Proposition 4 Let i be such that:
a; — E;D(z) >0 and UW — o) > V(C° | py).

Then, when T — oo, there exists a pair of optimal strategies for the individual
of type i and the private monopoly having the following properties:

1) the strategy of the monopoly is a “no-claims discount strategy”; the strat-
eqy of insured i is to tell the truth about his type in period 1 and to buy insurance
i each period;

2) the optimal corresponding payoffs are af — E;D(x) = zf and U(W —a) =
V(CO ‘ pi)’i =H,L;

3) both strategies are enforceable.

121n general, introducing discounting in repeated games reduces the incentives of telling
the truth and introduces some inefficiency because players do not care for the future as they
care for the current period. In other words, with discounting, players become less patient and
cooperation becomes more difficult to obtain. See Sabourian (1989) and Abreu, Pearce and
Stacchetti (1990) for detailed discussions on the discount factor issues in repeated contracts.
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Proof. See Dionne and Lasserre (1985). m

It is also possible to obtain a solution close to the public information alloca-
tion of risks in finite horizon insurance contracts. Dionne and Lasserre (1987)
showed how a trigger strategy with revisions'® may establish the existence of
an ¢ equilibrium. This concept of e equilibrium is due to Radner (1981) and
was also developed in a moral hazard context. Extending the definition to the
adverse selection problem, Dionne and Lasserre (1987) defined an ¢ equilibrium
as a triplet of strategies (principal, low risk individual, high risk individual)
such that, under these strategies, the expected utility of any one agent is at
least equal to his expected utility under public information less epsilon. In fact,
the expected utility of the high risk individual is that of the full information
equilibrium.

As for the case of an infinite number of periods'*, Dionne and Lasserre (1987)
showed that it is in the interest of the monopolist (he obtains higher profits)
to seek risk revelation on the part of the insured rather than simply use the
statistical instrument to discriminate between low-risk and high-risk agents. In
other words, their second main result shows that it is optimal to use statistical
tools not only to adjust, ex-post, insurance premiums according to past expe-
rience, but also, to provide an incentive for the insured to announce, ex- ante,
the true class of risk he represents. Finally, they obtained that a multi-period
contract with announcement dominates a repetition of one-period self-selection
mechanisms (Stiglitz, 1977) when the number of periods is sufficiently large
and there is no discounting. This result contrasts with those in the economic
literature where it is shown that the welfare under full commitment is equal
to that corresponding to a repetition of one period contracts. In fact here, a
multiperiod contract introduces a supplementary instrument (experience rating)
that increases efficiency (Dionne and Doherty, 1994; Dionne and Fluet, 1999;
Fombaron, 1997b).

Another characteristic of Dionne and Lasserre (1987) model is that low risk
agents do not have complete insurance coverage when the number of periods is
finite; they chose not to insure if they are unlucky enough to be considered as
high risk individuals. However, they always choose to be insured in the first

I3Radner’s (1981) contribution does not allow for revisions after the initial trigger. However,
revisions were always present in infinite horizon models [Rubinstein and Yaari (1983), Dionne
(1983), Radner (1985), Dionne and Lasserre (1985)]. A trigger strategy without revision
consists of offering a premium corresponding to a risk declaration as long as the average loss
is less than the reasonable average loss corresponding to the declaration. If that condition is
not met, a penalty premium is offered for the remaining number of periods. With revisions,
the initial policy can be reinstate.

14Gee also Gal and Landsberger (1988) on small sample properties of experience rating
insurance contracts in presence of adverse selection. In their model, all insureds buy the same
contracts and resort to experience is made in the premium structure only. They show that the
monopoly’s expected profits are higher if based on contracts which take advantage of longer
experience. Fluet (1998) shows how a result similar to Dionne and Lasserre (1985) can be
obtained in a one period contract with fleet of vehicles.
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period and most of them will obtain full insurance in each period. Finally, it
must be pointed out that the introduction of a continuum of agent types does
not create any difficulty in the sense that full separation of risks is obtained
without any additional condition.

In Dionne (1983) and Dionne and Lasserre (1985) there is no incentive for
accidents underreporting at equilibrium since there is no benefit associated with
underreporting. When the true classes of risk are announced, insureds cannot
obtain any premium reduction by underreporting accidents. When the number
of periods is finite, matters are less simple since each period does matter. In
some circumstances, the insured has to evaluate the trade-off between increased
premiums in the future and no coverage in the present. This is true even when
the contract involves full commitment as in Dionne and Lasserre (1987). For
example, the unlucky good risk may prefer to receive no insurance coverage
during a particular period in order to pass over a trigger date and have the
opportunity to pay the full information premium as long as his average loss is
less than the reasonable average loss corresponding to his class of risk.

We next address the incentive for policyholders to underreport accidents.
The benefits of underreporting can be shown to be nil in a two-period model with
full commitment and no statistical instrument and when the contract cannot
be renegotiated over time (Dionne and Doherty, 1992). To see this, let us go
back to the two-period model presented earlier (Cooper and Hayes, 1987) and
assume that accidents are now private information. When there is ex ante full
commitment by the two parties to the contract one can write a contract where
the net benefit to any type of agent from underreporting is zero. High risk
individuals have full insurance and no experience rating at equilibrium and low
risk individuals have the same level of expected utility whatever the accident
reporting at the end of the second period. However, private information about
accidents reduces insurer’s profits when we compare with the situation where
accidents are public information.

In all the preceding discussions it was assumed that the insurer can precom-
mit to the contract over time. It was shown that an optimal contract under full
commitment can be interpreted as a single transaction where the incentive con-
straints are modified to improve insurance possibilities for the low risk individu-
als and to increase profits. Since there is full commitment and no renegotiation,
accident histories are uninformative on the risk type. This form of commitment
is optimal in Dionne (1983) and Dionne and Lasserre (1985) since, as in the
Arrow-Debreu world, neither party to the contract can gain from renegotiation.
However, in a finite horizon world, the role of renegotiation becomes important
since self-selection in the first period implies that future contracts might be in-
efficient given the public information available after the initial period. When
the good risks have completely revealed their type, it becomes advantageous to
both parties, the insurer and the low risk individuals, to renegotiate a full insur-
ance contract for the second period. Although the possibilities of renegotiation
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improve welfare in the second period, they violate the ex-ante self-selection con-
straints and reduce ex-ante welfare. In other words, renegotiation limits the
commitment possibilities and reduces ex-ante parties welfare. For example, if
the high risk individuals anticipe renegotiation in the second period, they will
not necessarily reveal their type in the first period (Dionne and Doherty, 1994).

Formally, we can interpret the possibility of renegotiation as adding a new
constraint to the set of feasible contracts : unless parties can precommit not
to renegotiate then contracts must be incentive compatible and renegotiation-
proof (Dewatripont, 1989; Bolton, 1990; Rey and Salanié, 1996). In order to
reduce the possibilities for renegotiation in the second period, the insurer who
is unable to commit not to renegotiate after new information is revealed, must
set the contracts so that the insured type will not be perfectly known after the
first period. This implies that the prospect of renegotiation reduces the speed of
information revelation over time. In other words, the prospect of renegotiation
can never improve the long term contract possibilities. In many circumstances,
a sequence of one period contracts will give the same outcome as a renegotiated-
proof long term contract; in other circumstances a renegotiation- proof long term
contract dominates (when intertemporal and intertypes transfers and experience
rating are allowed, for example) (Hart and Tirole, 1988; Laffont-Tirole, 1987,
1990, 1993; Dionne and Doherty 1994; Fombaron 1997a; see the next section for
more details).

Hosios and Peters (1989) presented a formal model that rules out any rene-
gotiation by assuming that only one-period contracts are enforceable'®. They
also discussed the possibility of renegotiation in the second period when this
renegotiation is beneficial to both parties. Although they cannot show formally
the nature of the equilibrium under this alternative, they obtained interesting
qualitative results. For example, when the equilibrium contract corresponds
to incomplete risk revelation in the first period, the seller offers, in the second
period, a choice of contract that depends on the experience of the first period.
Therefore accident underreporting is possible without commitment and renego-
tiation. This result is similar to that obtained in their formal model where they
ruled out any form of commitment for contracts that last for more than one
period. Only one-period contracts are enforceable. They showed the following
results. 0

150n limited commitment see also Freixas, Guesnerie and Tirole (1985), Laffont and Tirole
(1987) and Dionne and Fluet (1999).

16However, separating equilibria are possible with discounting since future considerations
are less relevant. In a model with commitment and renegotiation, Dionne and Doherty (1994)
obtain a similar result : when the discount factor is very low a separating equilibrium is always
optimal in a two-period framework. Intuitively, low discount factors reduce the efficiency of
using intertemporal transfers or rents to increase the optimal insurance coverage of the low
risk individuals by pooling in the first period. See Laffont and Tirole (1993) for a general
discussion on the effect of discounting on optimal solutions in procurement when there is no
uncertainty. See Dionne and Fluet (1999) for a demonstration that full pooling can be an
optimal solution when the discount is sufficiently high and when there is no commitment.
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Proposition 5 In absence of any form of commitment from both parties to the
contract:

1) Without discounting, separating equilibria do not exist; only pooling and
semi-separating equilibria are possible.

2) Accident underreporting can now affect the seller’s posterior beliefs about
risk types and insurance buyers may fail to report accidents in order to avoid
Premium increases.

Proof. See Hosios and Peters (1989). m

This result implies that the insurer does not have full information on the
risk types at the end of the first period; therefore, accidents reports become
informative on the risk type contrary to the Cooper and Hayes model. However,
the authors did not discuss the optimality of such two-period contract. It is not
clear that a sequence of one period contracts with separating equilibrium does
not dominate their sequence of contracts.

4 Competitive contracts

We now introduce a competitive context. Competition raises many new issues
in both static and dynamic environments. The two main issues that will be
discussed here are 1) the choice of an adequate equilibrium concept and the
study of its existence and efficiency properties, and 2) the nature of information
between competitive insurers (and consequently the role of government in facil-
itating the transmission of information between insurance market participants,
particularly in long term relationships).

It will be shown that many well-known and standard results are function
to the assumption on how the insurers share the information about both the
individual’s choice of contracts and accident experience.

In a first step, the situation where no asymmetric information affects the
insurance market is presented as a benchmark. Then, issues raised by adverse
selection problem and the remedies to circumvent it are discussed.

4.1 Public information about an individual’s characteris-
tics

In a competitive market where insurance firms are able to discriminate among
the consumers according their riskiness, we would expect that insureds are of-
fered a menu of policies with a complete coverage among which they choose

This result is due to the fact that, under no-commitment, the possibilities of rent transferts
between the periods are limited.
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the one that corresponds with their intrinsical risk. Indeed, under competition,
firms are now constrained to earn zero expected profits. When information on
individual risk characteristics is public, each firm knows the risk type of each
individual. The optimal individual contract is the solution to:

Problem 2

Mazg pilU(W =D+ 5;)+ (1=p)UW — ;) + Mi[(L=pi)o =pifBi], i = H, L

where (1 — p;)a; = p;3; is the zero-profit constraint.

As for the monopoly case under public information, the solution to Problem
2 yields full insurance coverage for each type of risk. However, on the contrary
to monopoly, the optimal solutions C; and C} in Figure 3 correspond to levels
of consumer welfare greater than in the no-insurance situation (C°). As already
pointed out, the monopoly solution under public information also yields full
insurance coverage and does not introduce any distortion in risk allocation. The
difference between the monopoly and competitive cases is that, in the former,
consumer surplus is extracted by the insurer, while in the latter it is retained
by both types of policyholder.

Under competition, a zero-profit line passes through C° and represents the
set of policies for which a type 7 consumer’s expected costs are nil for insurers.
The absolute value of its slope is equal to the (absolute) ratio %. Each point

on the segment [CYC7] has the same expected wealth for an individual of type
i than that corresponding to C°. The full information solutions are obtained
when the ratio of slopes of indifference curves is just equal to the ratio of the
probability of not having an accident to that of having an accident. To sum up,

Proposition 6 In an insurance world of public information about insureds’
riskiness, a one-period optimal contract between any competitive firm on market
and any individual of type i (i = H, L) is characterized by:

a) full insurance coverage, ; = D — o

b) no firm makes a surplus, = (C} | p;) =0

c) consumers receive a surplus V (C; | p;) >V (C° | p;) .

Characteristic b) expresses the fact that premiums are set to marginal costs
and characteristic ¢) explains why individual rationality constraints (2) are au-
tomatically satisfied in a competitive context. Consequently, introducing com-
petitive actuarial insurance eliminates the wealth variance at the same mean or
corresponds to a mean preserving contraction.

Insert Figure 3 here.

In a usual way, under perfect information, competition allows to attain one-
period solutions which are first-best efficient. This result does not hold when
we introduce asymmetric information.
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4.2 Private information and single-period contracts

In the presence of adverse selection, the introduction of competition may lead to
fundamental problems with the existence and the efficiency of an equilibrium.
When insurance firms cannot distinguish among different risk types, they lose
money by offering the set of full information contracts (C';, C5) described above,
since both types will select C} (the latter contract requires a premium lower
than C}; and in counterpart, covers also totally the incurring losses). Each
insurer will make losses since the average cost is greater than the premium of
C}, which is the expected cost of group L. Under asymmetrical information,
traditional full information competitive contracts are not adequate to allocate
risk optimally. Consequently, many authors have investigated the role of sorting
devices in a competitive environment to circumvent this problem of adverse
selection. The first contributions on the subject in competitive markets are by
Akerlof (1970), Spence (1974), Pauly (1974), Rothschild and Stiglitz (1976) and
Wilson (1977). The literature on competitive markets is now very large and it
is not our intention here to review all contributions. Our selection of models
was made with criteria that will be identified and explained when it will become
appropriate!”.

A first division that we can make is between models of signaling (informed
agents move first) and of screening (uninformed agents move first) (Stiglitz
and Weiss, 1984). Spence (1974) and Cho and Kreps (1987) models are of
the first type and are mainly applied to labor markets in which the workers
(informed agents) move first by choosing an education level (signal). Then
employers bid for the services of the workers and the latter select the more
preferred bids. Cho and Kreps (1987) present conditions under which this three-
stage game generates a Riley (1979a) single-period separating equilibrium!®.
Without restrictions (or criteria as those proposed by Cho and Kreps (1987))
on out-of-equilibrium beliefs, many equilibria arise simultaneously, which limit
considerably the explanatory power of the traditional signaling models'®.

Although it may be possible to find interpretations of the signaling models
in insurance markets, it is generally accepted that the screening interpretation
is more natural. Rothschild and Stiglitz (1976) and Wilson (1977) introduced
to the literature insurance models with a screening behavior. In Rothschild
and Stiglitz model only a two-stage game is considered. First, the uninformed

17See Cresta (1984) and Eisen (1989) for other analyses of problems of equilibria with
asymmetric information.

18 A Riley or reactive equilibrium leads the Rothschild-Stiglitz separating equilibrium re-
gardless of the number of individuals in each class of risk.

191n fact, multiple equilibria are the rule in two-stage signaling models. However, when such
equilibria are studied, the problem is to find at least one that is stable and dominates in terms
of welfare. For a more detailed analysis of signaling models see the survey by Kreps (1989).
On the notion of sequential equilibrium and on the importance of consistency in beliefs see
Kreps and Wilson (1982).
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insurer offers a menu of contracts to the informed customers who then choose
among the contracts in the second stage.

Let us start with the Rothschild and Stiglitz (1976) model in which the
insurers set premia with constant marginal costs. Each insurer knows the pro-
portions of good risks and bad risks in the market but has no information on an
individual’s type. Moreover, each insurer cannot, by assumption, buy insurance
from many insurers. Otherwise, the individual insurers would not be able to
observe the individuals’ total amount of insurance and would not be able to
discriminate easily?’. Each insurer observes all offers in the market. Finally,
the insurer only needs to observe the claims he receives?!.

Clearly, the properties of the equilibrium depend upon how firms react to
rival offers. In a competitive environment, it seems reasonable to assume that
each insurer takes the actions of its rivals as given. The basic model by Roth-
schild and Stiglitz described in the following lines considers that firms adopt a
(pure) Nash strategy. Then, a menu of contracts in an insurance market is an
equilibrium in the Rothschild and Stiglitz sense if a) no contract in the equi-
librium set makes negative expected profits and b) there is no other contract
added to the original set that earns positive expected profits.

Under this definition of the equilibrium, Rothschild and Stiglitz obtained
three significant results:

Proposition 7 When insurers follow a pure Cournot-Nash strategy in a two-
stage screening game:

a) A pooling equilibrium is not possible; the only possible equilibria are sep-
arating contracts.

b) A separating equilibrium may not exist.

¢) The equilibrium, when it exists, is not necessarily a second-best optimum.

A pooling equilibrium is an equilibrium in which both types of risk buy
the same contract. Recall that the publicly observable proportions of good-risk
and bad-risk individuals are respectively qr, and gy (with ¢z + ¢ = 1) and the
average probability of having an accident is p. This corresponds to the line C°F
in Figure 4a. To see why the Nash definition of equilibrium is not compatible
with a pooling contract, assume that C; in the figure is a pooling equilibrium
contract for a given insurer. By definition, it corresponds to zero aggregate
expected profits; otherwise, another insurer in the market will offer another

20 Jaynes (1978) and Hellwig (1988) analyzed the consequences of relaxing this assumption.
More particularly, they showed under what conditions an equilibrium exists when the sharing
of information about customers is treated endogenously as part of the game among firms.
They showed that it is possible to overcome Rothschild-Stiglitz’s existence problem of an
equilibrium if insureds cannot buy more than one contract. Finally, Hellwig (1988) showed
that the resulting equilibrium is more akin to the Wilson anticipatory equilibrium than to the
competitive Nash equilibrium.

21In fact, this is a consequence of the exclusivity assumption. Moreover, since we consider
static contracts, observing accident or claims does not matter. A conclusion, that will not be
necessarily true in dynamic models.
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pooling contract. Because of the relative slopes of the risk type indifference
curves, there always exists a contract Cy that will be preferred to contract C;
by the low-risk individuals. The existence of contract Cy contradicts the above
definition of a Nash equilibrium. Consequently, if there exists an equilibrium,
it has to be a separating one in which different risk-type consumers receive
different insurance contracts.

Insert Figure 4a here.
Insert Figure 4b here.

As for the monopoly case, the formal solution is obtained by adding one self-
selection constraint (3) that guarantees individual i prefers C; to C; to Problem
2. By a similar argumentation to the one used in the determination of the
optimal solution in the monopoly situation, it can be shown that only the self-
selection constraint of the H risk type is binding at full insurance. Again the
profit constraint is binding on each type so the problem is limited to find an
optimal contract to the low-risk individual since that of the high risk individual
corresponds to the public information case (o = af; = D — fg):

Problem 3

Mazx — pLUW —D+B.)+ (1 —pL)UW —ar)

ar,Br, AL, AHL

subject to the zero-profit constraint

(1 —pr)ar =pLfy,
and the self-selection constraint

UW —ajf) =pgUW — D+ 1)+ (1 —pa)UW — ar).

At equilibrium, the high-risk individuals receive full insurance since the low-
risk self-selection constraint is not binding. The solution of Problem 3 implies
that the low-risk type receives less than full insurance??. We can summarize the
description of the separating equilibrium with the following proposition:

Proposition 8 In the presence of private information, an optimal menu of
separating one-period contracts between a competitive insurer and individuals of
types H and L has the following characteristics:

a) By =D —aif; B <D — a3

b) V(CF* | pi) > V(C® | p;) i=H,L

¢) V(Cy | pa) =V(CI" |pu); V(CT" [ pr) > V(Cy | pr)-

22Partial coverage is generally interpreted as a monetary deductible. However, in many
insurance markets the insurance coverage is excluded during a probationary period that can
be interpreted as a sorting device. Fluet (1992) analyzed the selection of an optimal time-
deductible in presence of adverse selection.
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Graphically, Cj; and C7* in Figure 4b correspond to a separating equi-
librium. In equilibrium, high-risk individuals buy full insurance (C3;), while
low-risk individuals get only partial insurance C;*. ?* Each firm earns zero
expected profit on each contract. This equilibrium has the advantage for the
low-risk agents that their equilibrium premium corresponds to their actuarial
risk and does not contain any subsidy to the high-risk individuals. However,
a cost is borne by low-risk insureds in that their equilibrium contract delivers
only partial insurance compared with full insurance in the full information case.
Only high-risk individuals receive the first-best allocation. Finally, the sepa-
rating equilibrium is not necessarily second-best optimal when it is possible to
improve the welfare of individuals in each class of risk. We will come back to
this issue.

The second important result from Rothschild and Stiglitz is that there are
conditions under which a separating equilibrium does not exist. In general,
there is no equilibrium if the costs of pooling are low to the low-risk individuals
(few high-risk individuals or low ¢qp, which is not the case in Figure 4b since
the line C°F’ corresponds to a value of gz higher than the critical level quS
permitting separating equilibria) or if the costs of separating are high (struc-
ture of preference). In the former case, given the separating contracts, the cost
of sorting (partial insurance) exceeds the benefits (no subsidy) when profitable
pooling opportunities exist. But, as already shown, a pooling contract cannot
be an equilibrium. This negative result has prompted further theoretical in-
vestigations since many insurance markets do function even in the presence of
adverse selection.

One extension for the existence of an equilibrium is to consider a mixed
strategy in which an insurer’s strategy is a probability distribution over a pair
of contracts. Rosenthal and Weiss (1984) showed that a separating Nash equi-
librium always exists when the insurers adopt this strategy. However, it is not
clear that such strategy has any particular economic interpretation in insur-
ance markets as in many other markets®*. Another extension is to introduce a
three-stage game in which the insurer may reject in the third stage the insured’s
contract choice made in the second stage. Hellwig (1986, 1987) showed that a
pooling contract may correspond to a sequential equilibrium of the three-stage
game or it can never be upset by a separating contract whenever pooling is
Pareto preferred. Moreover, contrary to the Rothschild and Stiglitz two-stage

230n the relationship between the coverage obtained by a low-risk individual under
monopoly compared to that under the pure Nash competitive equilibrium, see Dahlby (1987).
It is shown, for example, that under constant absolute risk aversion, the coverage obtained
by a low-risk individual under monopoly is greater than, equal to, or less than that obtained
under competition as the monopolist’s expected profit on a policy purchased by low-risk in-
dividuals is greater than, equal to, or less than its expected profit on the policy purchased by
high-risk individuals.

24See also Dasgupta and Maskin (1986) and Rothschild and Stiglitz (1997). On random-
ization to improve market functioning in presence of adverse selection see Garella (1989) and
Arnott and Stiglitz (1988).
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model, the three-stage game always has a sequential equilibrium in pure strate-
gies. The most plausible sequential equilibrium is pooling rather than sorting,
while in a three-stage game in signaling models (Cho and Kreps, 1987) it is
the pooling rather the separating equilibria that lack robustness. As pointed
out by Hellwig (1987), the conclusions are very sensitive to the details of game

specification?®.

Another type of extension that permits the existence of equilibria is to allow
firms to consider other firms’ behavior or reactions in their strategies and then
to abandon the Nash strategy in the two-stage game. For example, Wilson
(1977) proposed an anticipatory equilibrium concept where firms drop policies
so that those remaining (after other firms anticipated reactions) at least break
even. By definition, a Wilson equilibrium exists if no insurer can offer a policy
such that 1) this new policy yields nonnegative profits and 2) remains profitable
after other insurers have withdrawn all unprofitable policies in reaction to the
offer. The resulting equilibrium (pooling or separation) always exists. A Wilson
equilibrium corresponds to the Nash equilibrium when a separating equilibrium
exists; otherwise, it is a pooling equilibrium such as C; in Figure 4a%%. Finally,
we may consider the Riley (1979) reactive equilibrium where competitive firms
add new contracts as reaction to entrants. It is shown that an equilibrium
always corresponds to separating contracts.

Wilson also considered subsidization between policies, but Miyazaki (1977)
and Spence (1977) developed the idea more fully. They showed how to improve
welfare of both classes of risk (or of all n classes of risk; Spence (1977)) with
low-risk class subsidizing the high-risk class. In fact Spence showed that, in a
model in which firms react (in the sense of Wilson) by dropping loss-making
policies, an equilibrium always exists. In all the above models, each of the
contracts in the menu available is defined to permit the low-risk policyholders
to signal their true risk. The resulting equilibrium is a break-even portfolio
of separating contracts, and exists regardless of the relative value of qg. The
separating solution has no subsidy between policies when gy > g¢ly M S, More
formally we have

Proposition 9 A Wilson-Miyazaki-Spence (WMS) equilibrium exists regard-
less of the value of qur. When qi > i M9, the WMS equilibrium corresponds
to the Rothschild-Stiglitz equilibrium.

One such equilibrium (Cs, Cy) is presented in Figure 5 for the case of two risk
classes with cross-subsidization from the low to the high-risk group. The curve
denoted by frontier in Figure 5 is the zero aggregate transfers locus defined such

25See also Fagart (1996a) for another specification of the game. She generalized the work of
Rothschild and Stiglitz. Her paper is dealing with a game where two principals compete for an
agent, when the agent has private information. By considering a certain type of uncertainty,
competition in markets with asymmetric information does not always imply loss of efficiency.

26See Grossman (1979) for an analysis of the Wilson type equilibrium with reactions of
insureds rather than reactions of sellers.
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that the contracts pairs yield balanced transfers between the risk-types, and the
subset (C5,Z) in bold is the set of contracts for the low-risk individuals that
are second-best efficient. The derivation of the optimal contracts with transfers
is obtained by maximizing the following program:

Problem 4

Max ptUW —D+ 5, —t)+ (1 —pr)UW —ap —t)

ar,Br.t.s

subject to the non-negative aggregate profits constraint

qrt = qus

the zero-profit constraint before cross-subsidization
(1—pr)ar > prBy,
the self-selection constraint
UW = ajf +5) > puU(W = D+ B, — 1)+ (1 - pi)U(W — oy, — 1)
the positivity constraint
s>0

where s and t are for subsidy and tax respectively.

When the positivity constraint is binding, (Cs5, Cy) corresponds to the Roth-
schild Stiglitz contracts (C}/, C7*) without cross-subsidization. When the pos-
itivity constraint holds with a strict inequality, the equilibrium involves subsi-
dization from low risks to high risks®’.

The Wilson-Miyazaki-Spence (WMS) equilibrium (C3, Cy) solves this pro-
gram if (C3,Cy) is second-best efficient in the sense of Harris and Townsend
(1981). An allocation is second-best efficient if it is Pareto-optimal within the
set of allocations that are feasible and the zero-profit constraint on the portfo-
lio.?8 In competitive insurance markets, Crocker and Snow (1985) proved the
following proposition, that can be seen as an analogue with the welfare first
theorem (Henriet and Rochet, 1991):

Proposition 10 A Wilson-Miyazaki-Spence (WMS) equilibrium is second-best
efficient for all values of qg.

27For a proof that the equilibrium can never imply subsidization from high-risks individuals
to low-risks individuals, see Crocker and Snow, 1985.

28Gee Crocker and Snow (1985,1986) for more details. See Lacker and Weinberg (1999) for
a proof that a Wilson allocation is coalition proof.
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Proof. See Crocker and Snow (1985).

Subsidization between different risk classes is of special interest for char-
acterizing the notion of second-best optimality and simultaneously the shape
of optimal redistribution in insurance markets. Indeed, the optimal allocation
on these markets (given the incentive constraints imposed by adverse selection)
involves cross-subsidization between risk types. Thus, the second-best efficient
contracts resulting from this redistribution are described for low-risk individu-
als by the frontier in bold in Figure 5 (see Crocker and Snow, 1985). It can be
shown that a Rothschild and Stiglitz equilibrium is second-best efficient if and
only if gy is higher than some critical value gly M S which is itself higher than
the critical value qgs permitting the existence of a Nash equilibrium. Then, as
mentioned, a Nash equilibrium is not necessarily efficient. The same conclusion
applies to the Riley equilibrium since it sustains the Rothschild and Stiglitz
solution whatever gg. In the income-states space, the shape of this curve can
be convex as shown in Figure 5 (Dionne and Fombaron, 1996) under some un-
restrictive assumptions about utility functions. More precisely, some conditions
about risk aversion and prudence indexes guarantee the strict convexity of the
efficiency frontier: the insurance coverage (3 offered to low-risks is a convex
function in the subscribed premium «y. Moreover, high risks are offered a cov-
erage [ which is a linear function in the premium o . It was shown by Dionne
and Fombaron (1996) that this frontier can never be strictly concave under risk
aversion. At least, a portion of the frontier must be convex.??

Insert Figure 5 here.

Despite the presence of non-convexities of this locus in the income-states
space, the correspondence between optimality and market equilibrium is main-
tained (see Prescott and Townsend, 1984, for a general proof of this assertion
and Henriet and Rochet, 1986, for an analysis in an insurance context). Conse-
quently, the conventional question about the possibility of achieving a second-
best efficient allocation by a decentralized market doesn’t raise. So an analogue
to the second optimality theorem holds for an informationally constrained in-
surance market (Henriet and Rochet, 1986): even though government cannot a
priori impose risk-discriminating taxes on individuals, it can impose a tax on
their contracts and so generate the same effect as if taxing directly individuals
(Crocker and Snow, 1986).

Finally, as we will in section 7, another possibility to deal with equilibrium
issues is to use risk categorization (see Crocker and Snow, 2000, for a more
detailed analysis).

29For more general utility functions, the curvature can be both convex and concave in
the premium but must necessarily be convex around the full insurance allocation under risk
aversion. For more details, see Pannequin (1992) and Dionne and Fombaron (1996).
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4.3 Multiperiod contracts and competition

The aspect of competition raises new technical and economic issues on mul-
tiperiod contracting. Indeed, the value of information affects considerably the
process of decision-making in a competitive insurance market. Let us begin with
Cooper and Hayes’ (1987) analysis of two-period contracts with full commitment
on the supply side.

4.3.1 Full commitment

Cooper and Hayes used the Nash equilibrium concept in a two-period game
where the equilibrium must be separating®. In fact, they considered two differ-
ent behaviors about commitment on the demand side. First, both insurers and
insureds commit themselves to the two-period contracts (without possibility of
renegotiation) and second, the insurers commit to a two-period contract but the
contract is not binding on insureds. We will refer these respective situations as
contracts with full commitment and with semi-commitment, respectively. When
competitive firms can bind agents to the two periods, it is easy to show that,
in the separating solution, the contracts offered are qualitatively identical to
that of the monopoly solution with commitment: high-risk agents receive full
insurance at an actuarial price in each period while low-risk agents face price
and quantity adjustments in the second period. Suppose that gy is such that
a Rothschild and Stiglitz equilibrium is second-best efficient. Then it can be
shown that the two-period contract with full commitment dominates®' a repeti-
tion of Rothschild and Stiglitz contracts without memory. As for the monopoly
case, this result is due to the memory effect (see Chiappori et al., 1994 for a
survey on the memory effect).

When the authors relax the strong commitment assumption in favor of semi-
commitment, and consider that insureds can costlessly switch to other firms in
the second period, they show that the presence of second-period competition
limits but does not destroy the use of experience rating as a sorting device. The
difference between the results with full commitment and semi-commitment is
explained by the fact that the punishment possibilities for period-one accidents
are reduced by the presence of other firms that offer single-period contracts in
the second period.

The semi-commitment result was obtained by assuming that, in the second
period, entrant firms offer single-period contracts without any knowledge of in-
sureds’ accident histories or their choice of contract in the first period. The

30In other words, they implicitly assumed that the conditions to obtain a Nash separating
equilibrium in a single period contract are sufficient for an equilibrium to exist in their two-
period model.

31For a proof of this assertion, see Fombaron 1997a.
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new firms’ optimal behavior is to offer Rothschild and Stiglitz separating con-
tracts®? to the market®>. By taking this decision as given, the design of the
optimal two-period contract by competitive firms with semi-commitment has to
take into account at least one supplementary binding constraint (no-switching
constraint) that reduces social welfare when we compare to full commitment.
The formal problem consists of maximizing the low-risks’ two-period expected
utility by choosing C% and C% under the incentive compatibility constraints,
the nonnegative intertemporal expected profits constraint and the no-switching
constraints:

Problem 5
C%?«g%V(Ci | pL)
s.t.
V(C? | pi) 2 V(CF | pi) i,j=H,L, i#]
m(Cr | pr) + [pr7(Cra | pr) + (1 = pr)m(Crn | pr)] > 0
V(Cis | pi) 2 V(C] | pi) i=H, L s=a,n.

By the constraint of non-negative expected profits earned on the low risks’
multiperiod contract, this model rules out the possibility for insurers to offer
cross-subsidizations between the low and the high risks (and circumvent any
problems of inexistence of Nash equilibrium). Since this constraint is obviously
binding at the optimum, only intertemporal transfers are allowed by Cooper
and Hayes.

Using the above model, Cooper and Hayes proved the following results, sum-
marized by Proposition 11:

Proposition 11 Under the assumption that a Nash equilibrium exists, the opti-
mal two-period contract with semi-commitment is characterized by the following
properties:

1) High-risk individuals obtain full insurance coverage and are not experience
rated: V(Ciy, | pr) = V(Cpy | pr) = V(Cpy | pr) = UW — afp);

while low-risk individuals receive only partial insurance coverage and are
experience rated: V(C5, | pr) < V(C}, | pr);

2) High-risk agents are indifferent between their contract and that intended
to low-risks, while low risks strictly prefer their contract:
V(CH Ipu) =V(CE" | pr) and V(CT* | pr) > V(CE | p):

3) Both high and low risks obtain a consumer surplus:

32 Actually, the Rothschild and Stiglitz contracts are not ever necessarily the best policy
rival firms can offer. Assuming that outside options are fixed is restrictive. Such a issue is
discussed in the next section.

33Recall here that the authors limited their focus on separating solutions.
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V(CF | pi) >2V(C° | py), i = H, L;

4) The pattern of temporal profits is highballing on low-risks’ contracts and
flat on high-risks’ ones:

m(CL [ ) 2 0 = [pr7(C, | pr) + (1 — pr)w(CT, [ pL)]

and 7(Cy | pr) = 7(Cyyy | i) = 7(Chy,, | pr) = 0.

In other words, the presence of competition, combined with the agents’ in-
ability to enforce binding multiperiod contracts, reduces the usefulness of long
term contracts as a sorting device and consequently, the potential gains of long
term relationships. This conclusion is similar to that obtained in the monopoly
case (in which the principal cannot commit on nonrenegotiation) since the no-
switching constraints imposed by competition can be reinterpreted as rationality
constraints in a monopolistic situation.

The fourth property in Proposition 11 means that, at equilibrium, firms
make positive expected profits on old low-risk insureds (by earning positive
profits on the low risks’ first period contract) and expected losses on new low-
risk insureds (by making losses on the second-period contract of low-risks who
suffered a first-period loss, greater than positive profits on the low risks’ contract
corresponding to the no-loss state in the first period). In aggregate, expected
two-period profits from low-risks are zero.

As in the monopoly situation, all the consumers self-select in the first period
and only low-risk insureds are offered an experience-rated contract in the second
period based on their accident history®*. This arrangement provides an appro-
priate bonus for accident free experience and ensures that low risks who suffer
an accident remain with the firm?3®. This temporal profit pattern, also labeled
highballing by D’Arcy and Doherty (1990), was shown to stand in contrast with
the lowballing predicted in dynamic models without commitment. In particular,
D’Arcy and Doherty have compared the results obtained by Cooper and Hayes
under the full commitment assumption with those of the lowballing predicted
by Kunreuther and Pauly (1985) in a price competition. With about similar as-
sumptions on commitment, Nilssen (1990) and Fombaron (1997b) also obtained
a lowballing prediction in the classic situation of competition in price-quantity
contracts.

Although Cooper and Hayes were the first to consider a repeated insur-
ance problem with adverse selection and full commitment, some assumptions
are critical. The first criticism refers to the ability for insurers to commit to
long term relationships. Indeed, the assumption of precommitment by insurers
straightforwardly converts a multiperiod program into a single-period problem

34But not on their contract choice.

35In fact, the corresponding expected utility of the low-risk individual who did not have an
accident in the first period (and stays) is strictly greater at equilibrium to that corresponding
to the entrant one-period contract.

28



where the incentive compatibility constraints are adequately modified to take
into account the long-term nature of the relationship. Under this assumption,
since the first-period contract choices do reveal the individual risks, the initial
agreement on the second period contract could be renegotiated at the beginning
of the second period (under full information) in a way that would improve the
welfare of both parties. Consequently, the two-period contract with full com-
mitment is Pareto-inefficient ex-post, i.e. relative to the information acquired
by insurers at that time. Some recent articles in the literature have investigated
other concepts of relationships between an insurer and his insureds, involving
limited commitment: the no-commitment assumption represents the polar case
of the full commitment situation (section 4.3.2) and the commitment with rene-
gotiation appears to be an intermediate case between the full commitment and
the no-commitment (section 4.3.3).

The second criticism refers to the exogeneity of the outside options. In
Cooper and Hayes’” model and in most dynamic models, firms are supposed
to offer the same contract to a new customer, whatever his contractual path
and his accident history. Behind this assumption on competitive behavior, it is
implicitly assumed that the information revealed by the accident records and
possibly by contractual choices does not become public*S. However, this as-
sumption is not very realistic with regard to the presence, in some countries,
of a specific regulatory law that obliges the insurers to make public these data.
This is the case in France and in most European countries for automobile in-
surance, where the free availability to accident records is a statutory situation.
Consequently, models with endogenous outside options are more appropriate to
describe the functioning of the competitive insurance market in these countries.
This alternative approach will be discussed in the two next sections.

As a result to these above strong hypotheses, the literature obtains the same
predictions than in the static model about the equilibrium existence issue3” and
about the self-selection principle. These predictions do not hold any longer
when we assume limited commitment and/or endogenous outside options.

4.3.2 No-commitment

In this section, the attention is paid to competitive insurance models in which
the contractual parties can only commit to one-period incentive schemes, i.e.
where insurers can write short-term contracts, but not long-term contracts.
The no-commitment is bilateral in the sense that each insured can switch to
another company in period two if he decides to do so. Such situations are

36When an individual quits a company A and begins a new relationship with a company B,
he is considered by the latter as a new customer on the insurance market.

37Cross-subsidizations between risk types remain inconsistent with equilibrium, so that
problems for equilibrium existence also exist in a multiperiod context.
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particularly relevant in liability insurance (automobile or health insurance for
example) where long term contracts are rarely signed. Despite this inability to
commit, both parties can sign a first-period contract that should be followed by
second-period contracts which are conditionally optimal and experience-rated.
This sequence of one-period contracts gives rise to a level of intertemporal wel-
fare lower than that of full commitment but, in some cases, higher than in a
repetition of static contracts without memory.

Kunreuther and Pauly (1985) were the first to study a multiperiod model
without commitment in a competitive insurance context. However, their inves-
tigation is not really an extension of the Rothschild and Stiglitz’ analysis since
the authors consider competition in price and not in price-quantity®®. They
argue that insurers are unable to write exclusive contracts; instead they pro-
pose that insurers offer only pure price contracts (Pauly, 1974). Moreover, they
assume that consumers are myopic: they choose the firm which makes the most
attractive offer in the current period. At the other extreme, the classic dynamic
literature supposes that individuals have perfect foresight in the sense that they
maximize the discounted expected utility over the planning horizon.

Despite the major difference in the assumption about the way insurers com-
pete, their model leads to the same lowballing prediction than other studies,
like the ones developed by Nilssen (1990) and by Fombaron (1997b), both using
the basic framework of the Rothschild and Stiglitz model where firms compete
by offering price-quantity contracts. Insurers make expected losses in the first
period (on the new customers) and earn expected profits on the policies they
renew (on the old customers). The similarity in this pattern of intertemporal
profits is mainly due to the fact these three contributions assume that insurers
do not write long term contracts while, as we saw, Cooper and Hayes permit-
ted long term contracting. In Nilssen’s model, an important result is to show
that pooling contracts could emerge in dynamic equilibrium (pooling on the
new insureds) when the ability to commit lacks in the relationships, so making
the cross-subsidizations compatible with equilibrium. Moreover, contrary to the
Kunreuther and Pauly model, the absence of commitment does not rule out sep-
aration. His result has been extended in Fombaron (1997b) who shows that at
equilibrium, semi pooling can emerge in the first period, followed by separation
in the second period, and this is made possible by introducing mixed strategies
played by insureds. This technical process, also labeled randomization, permits
to defer the revelation of information and so, facilitates the respect of sequen-
tial optimality constraints required by models with limited commitment. It was
used by Hosios and Peters (1989), as we saw, in a monopoly situation without
commitment and by Dionne and Doherty (1994) in a competitive context with
commitment and renegotiation. Moreover, in contrast with the mentioned-above
literature, the model makes the outside options endogenous to the information
revealed over time. The formal program presented below (Problem 6) is the

383They let insurers offer contracts specifying a per-unit premium for a given amount of
coverage.
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most general. This program includes the Nilssen’s model as a particular case
(more precisely, for both z = 1,27, = 0 and C¢ = CF° where z; € [0;1]
measures the level of separation of type i). However, some results are con-
trasted in Table 1 that permits to compare the different results according to the
assumptions in the models.

Concerning the interfirm communication, it is assumed in Fombaron (1997b),
that companies learn about the risk characteristics of their insureds by observing
claims records and contract choices, but will not share these private informa-
tions freely with rival firms. As a consequence, the rival firms do not have
access to accident histories. However, they are assumed to observe in period
2 the contract any insured has chosen in period 1. There are many ways to
obtain verified information about the terms of a contract. The most elementary
consists for insurers of requiring that any insured shows his precedent contract®’
(generally, the contractual agreement mentions at least the amount of premium
and the level of coverage). With regard to the assumption of asymmetric in-
formation about accident records between insurance market participants, the
following model is not different from those developed by Cooper and Hayes
(1987), Kunreuther and Pauly (1985), Nilssen (1990) or Dionne and Doherty
(1994).

In Fombaron (1997b), a particular attention is paid to the value of infor-
mational asymmetry between competing insurers. When firms maximize, they
take into account how their actions (i.e. their contract offers) affect over time
the reactions of their rivals. So, each firm, in a monopolistic position in the
second period, may act in a way to prevent the potential rivals to offer more
appealing contracts than those offered to its clients.

Solving the two-period model without commitment requires to use the con-
cept of Nash Perfect Bayesian Equilibrium*® (NPBE). Given this notion of se-
quential equilibrium, we work backwards and begin by providing a description
of the Nash equilibrium in the last period.

In period 2, 6; and a\n solve the following subprograms imposed by the
constraints of sequential optimality, for s € {a,n} respectively where a means
accident in the first period and n means no-accident:

Problem 6
C/'; cargmax Y. ¢s(x;)m(Cis | pi)
i=H,L
s.t.

39For a more detailed argumentation of information sharing, see Kunreuther and Pauly
(1985) and D’Arcy and Doherty (1990).

40This concept implies that the set of strategies satisfies sequential rationality given the
system of beliefs and that the system of beliefs is obtained from both strategies and observed
actions using Bayes’ rule whenever possible.
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V(Cis | pi) 2 V(Cis |pi) 4,5 =HL, i#j
V(Cis | pi) >V(C | p;)  i=H,L

where posterior beliefs!! are defined by

Gia(zi) = 4iPi%i
a K3 -
Y. QrPETE
k=H,L
qi(1 —pi)x; .
o an(e) =~ T = L

k=H,L

For given beliefs, the second-period optimization subprogram is similar, in
some sense, to a single-period monopoly insurance model with adverse selection
(Stiglitz 1977, in section 3.2) for a subgroup of insureds and where no-switching
constraints correspond to usual participation constraints. Indeed, in the absence
of commitment and because of informational asymmetries between insurers,
each informed firm can use his knowledge on his old insureds to earn positive
profits in the second period. However, this profit is limited by the possibility
that old insureds switch to another company at the beginning of the second
period. Contrary to a rival company, a firm which proposes sets of contracts
in the second period to his insureds can distinguish among accident-groups on
the basis of past accident observations. Each company acquires over time an
informational advantage relative to the rest of competing firms on the insurance
market.

Formally, C¢¢ represents the best contract a rival uninformed company can
offer to i-risk type. In other words, C§¢ describes the switching opportunities
of any insured 7 at the beginning of period 2. Clearly, since contract choices
are observable by rival firms, Cf¢ depends on z;. If no high risk self-selects in
period 1, such that all high risks are pooled with low risks, the observation of
contract choices does not reveal information on individual risk-types and, as
a consequence, C¢ = CFS. At the other extreme case, when the first-period
contracts are fully separating, the contract choice reveals individual risk-types
to any insurer on the insurance market and C;¢ will be a first-best contract
CFB,

The PBE of the complete game is a sequence of one-period contracts (Cf, C},, Cf )
for every i = H, L, such that:

Problem 7

4put differently, giq(x;) and gin(z;) are the probabilities at the beginning of the second
period that, among the insureds having chosen the pooling contract in the first period, an
insured belongs to the i-risk class if he has suffered a loss or no loss in the first period
respectively.
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(C;,C,. Cr) € g )V<CL | pL)+0[pLV (Cra | p)+(1—pL)V(Crn | pL)]
Ci,Cia,Cin
s.t.

2i(1+ 0)V(CI¥|pi) + (1 — 2:) [V (Cilps) + 5(in(6;|pi)j\(1 — pi)V(Cinlpi))]
> V(Cjlpi) + 6(piV (Cjalpi) + (1 — pi) V(Cjnlpi))

Z qz(xz)’fr(cz‘pl) + 5[ Z Qia( 1 za|p2 Z qzn z zn|pz)] el 0

i=H,L i=H,L i=H,L

where 6;,1, 6;” solve Problem 6 for s = a,n respectively.

Problem 7 provides the predictions summarized in Proposition 12.

Proposition 12 In the presence of private information, each company may in-
crease the individuals welfare by offering two contracts, a sequence of one-period
contracts and a multiperiod contract without commitment having the following
characteristics:

1) Both high and low-risk classes obtain partial insurance coverage in each
period and are experience rated: V(C}, | p;) < V(C5, | pi), i=H,L;

2) High-risk are indifferent between a mix of a sequence of Rothschild Stiglitz
contracts and the multiperiod contract, also subscribed by low-risk individuals:

er(1+0)V(CH | pr) + (1 —2u)V(CF | pr) = V(CE | pr)

and the low-risks strictly prefer the multiperiod contract:

V(C% | pr) >z (1+0)V(CES | pr) + (1 —2)V(C? | p1), 21, € [0,1];

3) High and low-risk individuals obtain a consumer surplus:
V(CE [ pi) > (14 0)V(C? | pi), i = H, L;

4) Aggregate expected profits earned on the multiperiod contract increase over

time: ':%:qu'(ﬁcz) ©(Cf | pi) < Z > is(zi)m(CF5 | pi)-

i=H,Ls=a,n

Concerning the existence property, it can be shown that a Nash Perfect
Bayesian Equilibrium exists for some values of parameters (i.e. for every gy
such that gz > ¢N¢ (> ¢B¥) where NC is for no commitment). As a conse-
quence, the existence property of equilibrium is guaranteed for a set of parame-
ters smaller than in the static model.

Similar assumptions on commitment and observations of individuals acci-
dent history explain that Nilssen (1990) and Fombaron (1997b) obtain similar
predictions on lock-in (each firm earns a positive expected profit on its old cus-
tomers since it controls information on past experience!?). Moreover, different

42Cromb (1990) considered the effects of different precommitment assumptions between the
parties to the contract on the value of accident history. Under fully binding contracts, the
terms of the contract depend only on the number of accidents over a certain time horizon while
under other assumptions (partially binding and no binding) the timing of accidents becomes
important.
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assumptions on allowed strategies (only pure strategies are played by insureds
in Nilssen while in Fombaron, insureds are allowed to randomize between con-
tracts), obviously lead to different properties of equilibrium in terms of existence
(see Table 1).

Finally, in order to evaluate the effects of a regulatory law about interfirm
communication, Fombaron (1997b) considered the extreme polar situation in
which a regulatory law constrains insurers to make public records data such
that rival firms do have access to all accident records. If competing firms have
identical knowledge about insureds risks over time, no experience rating is sus-
tainable in equilibrium and allocative inefficiency results from dynamic contrac-
tual relationships. The “too large” amount of revealed information is shown to
destroy efficiency and existence of dynamic equilibria. In contrast, as we saw,
when rival firms do not have access to accident records, equilibrium involves
experience-rating and dynamic contracts achieve second-best optimality, since
informational asymmetries between competing firms make cross-subsidization
compatible with Nash equilibrium. As a consequence, insureds are always bet-
ter off when accidents remain a private information*®. The next section is
devoted to an analysis of multiperiod contracts under an intermediary level of
commitment from insurers.

431n a context of symmetric imperfect information (see section 7.3), de Garidel (1997) finds
also that accident claims should not be shared by insurers.
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4.4 Commitment and renegotiation

Dionne and Doherty (1994) introduced the phenomenon of renegotiation in long
term relationships in insurance markets. Two-period contracts are considered
where insureds can leave the relation at the end of the first period and in-
surer is bound by a multiperiod agreement. The difference with Cooper and
Hayes’ model appears in the possibility of renegotiation. Indeed, insurers are
allowed to make a proposition of recontraction with their insureds which can
be accepted or rejected. In other words, parties cannot precommit not to make
Pareto-improving changes based on information revealed at the end of the first
period. As shown in Dionne and Doherty (1994), the Cooper and Hayes’ solu-
tion is not renegotiation-proof. This means that sequential optimality fails since
parties’ objectives change over time. If renegotiation cannot be ruled out, the
company and its insureds anticipate it, and this will change the nature of the
contracts. Thus, in order to ensure the robustness against renegotiation proce-
dure described above, we must impose either the constraint of pooling in the first
period or the constraint of full insurance for both types in the second period in
addition to standard constraints in Cooper and Hayes’ optimization program.
The new program can be written as Problem 7 except for the second-period
constraints imposed by sequential optimality. Indeed, renegotiation-proofness
means that the second-period contracts are robust to Pareto-improving changes
and not only for increasing the insurers’ welfare. Consequently, second period
contracts cannot be solved as a subprogram which maximizes expected profits
of insurers. In contrast, they must solve, in the last period, a standard com-
petitive program which optimizes the low-risks welfare (in each group a and
n). Moreover, no-switching constraints must appear in these subprograms in a
similar way than in the model without commitment.

If we consider a general model in which all kinds of transfers are allowed
(intertemporal and intertypes transfers), problem 6 can be rewritten in the
context of semi-commitment with renegotiation as follows :

Problem 8

—

Cis € argmaxV(Cprs|pr) for s=a,n
s.t.
V(Cis | pi) 2 V(Cjs | pi) i,j=H,L, i#]
Z qis(mi)ﬂ-(cis |p7, > Ts

i=H,L

V(Cis | pi) 2 V(C{®|pi)  i=H,L.

Dionne and Doherty (1994) first show that fully separating strategies, once
made robust to renegotiation, degenerates to an outcome which amounts to that
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of a replication of single-period contracts in terms of welfare, when insureds are
bound in relationships. If insureds are allowed to quit their company at the
end of period 1, the program includes, in addition, no-switching constraints
and as a result of this more constrained problem, the outcome will be worse
in terms of welfare relative to a sequence of static contracts without memory.
This negative result on separating contracts suggests efficiency will be attained
by a partial revelation of information over time (as in no-commitment model).
Dionne and Doherty then show that the solution may involve semi-pooling in
the first period followed by separated contracts. They show that the equilib-
rium is fully separating when the discount factor is low and tends to a pooling
for large discount factors. Moreover, they obtain a highballing configuration of
intertemporal profits, contrary to the lowballing prediction resulting from mod-
els without commitment. Thus, commitment with renegotiation provides the
same predictions than those in Proposition 12 except for the fourth result that
becomes : %Lqi(zi)ﬂ(C;‘ Ipi) > > X Gis(zi)m(CF | i)
1=,

i=H,Ls=a,n

However, if a more general model is considered (Fombaron 2000), in which
all kinds of transfers are allowed (intertemporal and interindividual transfers)
and outside options are endogenous, results are different in some points of those
obtained in Dionne and Doherty (see Table 1). More precisely, the configuration
in equilibrium doesn’t necessarily exhibit a decreasing profile of intertemporal
profits for the company, so that the fourth result in Proposition 12 becomes

here 1 > qi(z)m(CF [p)) s > >0 qis(x)w(CF | pi)-

i=H,L i=H,Ls=a,n

This means that the insureds’ welfare optimization in period 2 (in models
with commitment and renegotiation) instead the profits maximization (in mod-
els without commitment) doesn’t necessarily rule out the possibility of lock-in.

More importantly, it is possible to establish that a competitive insurance
market has always an equilibrium. This result is due to the compatibility of
cross-subsidization with equilibrium, as opposed to the result in static models.
The economic intuition can be the following: an additional instrument can serve
to make rival offers less attractive. It consists for informed insurers of offering
unprofitable contracts in the second period. This instrument is possibly used
in a case of commitment with renegotiation but can not be enforced in no-
commitment situations. Endly, as in models without commitment, insureds are
always better off when the information about accident records remains private,
i.e. in a statutory situation where no regulatory law enforces companies to make
public records data.

Finally, the issue of consumer lock-in and the pattern of temporal profits
should motivate researchers to undertake empirical investigations of the signif-
icance of adverse selection and of the testable predictions that permit discrim-
ination between the competing models. To our knowledge, only two published
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studies have investigated these questions with multi-period data and their con-
clusions go in opposite directions. D’Arcy and Doherty (1990) found evidence of
lowballing which supports the non-commitment assumption while Dionne and
Doherty (1994) obtained that a significant group of insurers in California used
highballing a result that is more in the line of some form of commitment. It
is interesting to observe that this group of insurers attracts selective portfolios
with disproportionate numbers of low risks. This result reinforces the idea that
some form of commitment introduces more efficiency.

Insert Table 1 here.

5 Moral hazard and adverse selection

Although in many situations principals face adverse selection and moral hazard
problems simultaneously when they design contracts, these two types of asym-
metrical information have been given separate treatments so far in the economic
literature on risk-sharing agreements. Both information problems have been in-
tegrated into a single model where all the parties of the contract are risk neutral
(Laffont and Tirole, 1986; Picard, 1987; Caillaud, Guesnerie, Rey and Tirole,
1988; Guesnerie, Picard and Rey, 1988). Although these models involve un-
certainty, they are unable to explain arrangements where at least one party is
risk averse. In particular they do not apply to insurance. More recently, some
authors have attempted to integrate both information problems into a single
model where the agent is risk averse.

As already discussed by Dionne and Lasserre (1988) such an integration of
both information problems is warranted on empirical grounds. Applied studies
are still few in this area, but they will find it difficult to avoid considering both
kinds of information asymmetry.

5.1 Monopoly and multi-period contracts

Dionne and Lasserre (1988) showed how it is possible to achieve a second-best
allocation of risks when moral hazard and adverse selection problems are present
simultaneously. While they draw heavily on the contributions of Rubinstein and
Yaari (1983), Dionne (1983) and Dionne and Lasserre (1985), the integration of
the two types of information problems is not a straightforward exercise. Since
an agent who has made a false announcement may now choose an action that
is statistically compatible with his announcement, false announcements may go
undetected. They proposed a contract under which the agent cannot profit from
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this additional degree of freedom. Under a combination of moral hazard and
adverse selection, several types of customers can adopt different care levels so
that they have identical expected losses. When this happens, it is impossible to
distinguish those who produce an efficient level of care from the others on the
basis of average losses.

However, deviant behaviours can be detected by monitoring deviations from
the mean. Thus the insurer’s strategy can be written with more than one simple
aggregate (as in Dionne and Lasserre, 1985, and Rubinstein and Yaari, 1983).
In Dionne and Lasserre (1988) the principal has to monitor two aggregates,
the average loss experienced by a given agent and its squared deviation from
the mean. However, it was sufficient to get the desired result since in their
model the information problem has only two dimensions. More generally, the
insurer would have to monitor one moment of the distribution for each hidden
dimension.

Combining moral hazard with adverse selection problems in models which
use past experience, might involve some synergetic effects. In the model pre-
sented in Dionne and Lasserre (1988), the same information required to elimi-
nate either the moral hazard problem alone (Rubinstein and Yaari), or adverse
selection alone (Dionne and Lasserre), is used to remove both problems simul-
taneously. A related subject concerns the efficient use of past information, and
the allocation of instruments, toward the solution of each particular informa-
tion problem. For a long time, self-selection mechanisms have been proposed
in response to adverse selection while nonlinear pricing was advocated against
moral hazard. In one-period contracts both procedures used separately involve
inefficiency (partial insurance) which can be reduced by the introduction of
time in the contracts. Dionne and Lasserre showed that self selection may help
solve moral hazard problems, as well as adverse selection problems. We will
now discuss how the use of two instruments may improve resource allocation
and welfare when both problems are present simultaneously in single-period
competitive contracts.

In a static model which can be considered as a special case of the Dionne
and Lasserre (1988) model, Chassagnon (1994) studies the optimality of a one-
period model when both problems are present simultaneously. Three results are
of interest in this paper: 1) the Spence-Mirlees propriety is not always verified.
Indifference curves may have more than one intersection points; 2) contrarily
to the Stiglitz (1977) model where the low risk individual may not have access
to any insurance coverage, in Chassagnon model, there are configurations (in
particular, the configuration du pas de danse) where all agents obtain insurance;
finally, 3) both types of agents may receive a positive rent according to their
relative number in the economy.

The model is specific in the sense that the accident probabilities keep the
same order when the effort level is the same. Suppose that there are only two
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levels of efforts that characterize the accident probabilities of type i: P, < Dj;
1 = H, L. In Chassagnon model, p Py > P and py > py, while Py can be lower
than p;. In fact the effect of introducing moral hazard in the pure principal-
agent one becomes interesting when the high risk individual is more efficient
in care activities than the low risk individual. Otherwise, when Py > P the
results are the same as in the pure adverse selection selection model where only
the H type receives a positive rent.

5.2 Competitive contracts

One of the arguments often used to justify the prohibition of risk categorization
is that it is based on fixed or exogenous characteristics such as age, race and sex.
However, as pointed out by Bond and Crocker (1990), insurers also use other
characteristics that are chosen by individuals. They extended Crocker and Snow
(1986) previous analysis of risk categorization in presence of adverse selection
and examined the equilibrium and efficiency implications of risk categorization
based on consumption goods that are statistically related to individual’s risks,
which they termed “correlative products”.

Formally, their model introduces endogenous categorization in an environ-
ment characterized by both moral hazard and adverse selection. They show
that, while there is a natural tension between the sorting of risk classes engen-
dered by adverse selection and the correction of externalities induced by moral
hazard, the use of risk classification improves efficiency in resource allocation.
They also obtain that the sorting of risks based on correlative consumption
may give a first-best allocation as Nash equilibria when adverse selection is
not too severe and when the insurer can observe individual consumption of the
hazardous good.

This is particularly interesting as an alternative view of how firms, in prac-
tice, may overcome the nonexistence of Nash equilibrium problems. They then
considered the case where the insurer cannot observe both the individual’s con-
sumption and the individual’s characteristics. However, the planner can observe
aggregate production of the good. They showed that taxation of the consump-
tion good has now two roles (reduces moral hazard and relaxes self-selection
constraints) that permit Pareto improvements.

Cromb (1990) analyzed the simultaneous presence of moral hazard and ad-
verse selection in competitive insurance markets and obtained that the addi-
tion of moral hazard to the standard Rothschild-Stiglitz (1976) model with
adverse selection has qualitative effects on the nature and existence of equilib-
rium. Under certain circumstances the addition of moral hazard may eliminate
the adverse selection problem but, more generally, it constitutes a new source
of non-existence of a Nash equilibrium.
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Chassagnon and Chiappori (1995) also proposed an extension to the pure
adverse selection model in order to consider incentives or moral hazard: the in-
dividual’s probability of accidents is no more completely exogenous; it depends
on the agent’s level of effort. In general, different agents choose different effort
levels even when facing the same insurance contract. In fact the equilibrium
effort level does not depend on the level of accident probability but on its deriv-
ative. Consequently, the H type may have more incentive to produce safety in
order to have access to a low insurance premium but he may not have access to
the efficient technology.

As in Chassagnon (1994), indifference curves may intersect more than one
time which rules out the Spence-Mirlees condition. As a result, when an equi-
librium exists, it may corresponds to many Rothschild and Stiglitz equilibria, a
situation that is ruled out in the pure adverse selection model. Consequently,
the equilibrium must be ranked, and the authors use the Hahn’s concept of equi-
librium to select the Pareto efficient equilibrium among the Rothschild-Stiglitz
candidates. In the pure adverse selection world, both equilibrium concepts are
equivalent.

Another important conclusion is about the condition to obtain an equilib-
rium. It was shown in a previous section that a Rothschild-Stiglitz equilibrium
exists if and only if there are enough high risk agents in the economy. When
both problems are present simultaneously, this condition is no longer true. De-
pending on the parameters of the model, an equilibrium may exist whatever the
proportions of agents of different types; or may even fail to exist whatever the
respective proportions.

Finally, it is important to emphasize that the individual with the higher ac-
cident probability, at equilibrium, has always access to the more comprehensive
insurance coverage, a conclusion that is shared by the standard model. How-
ever, here, this individual is not necessarily of type H. This result is important
for empirical research on the presence of asymmetrical information problems.

6 Adverse selection when people can choose their
risk status

An interesting twist on the adverse selection problem is to allow the information
status of individuals to vary as well as the risk status. A traditional adverse
selection problem arises when individuals know their risk status but the insurer
does not. What will happen in a market where some insureds know their risk
status and others do not? The answer to this one depends on whether the
information status is observed by the insurer. And a further variation arises
when the uninformed insureds can take a test to ascertain their risk status.
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Whether they choose to take the test depends on the menu they will be offered
when they become informed and how the utility of this menu compares with the
utility of remaining uninformed. Thus, the adverse selection problem becomes
entwined with the value of information.

These questions are especially important in the health care debate. Progress
in mapping the human genome is leading to more diagnostic tests and treatment
for genetic disorders. It is important to know whether the equilibrium contract
menus offered to informed insureds or employees are sufficiently attractive to
encourage testing. Morever, the policy debate is extended by considering laws
that govern access of outsiders (such as employers and insurers) to medical
records. For example, many laws require that medical records cannot be released
to outsiders without the consent of the patient.

6.1 A full information equilibrium with uninformed agents

The basic analysis will follow Doherty and Thistle, 1996a. This model uses fairly
standard adverse selection technology and is illustrated with health insurance.
However, further work by Hoy and Polborn, 1999, has shown that similar results
can be derived in a life insurance market where there is no natural choice of
coverage and where individuals can buy from many insurers.

To start consider the simplest case in which there are initially three groups,
uninformed, informed high risks and informed low risks which are labeled “U”,
“H” and “L” respectively. The contracts offered to each group will be labeled
Cy, Cg and Cp. We assume that type U has a probability gy of being high
risk; so we can rank the a priori loss probabilities as py > py > pr, . Now if
insurers know the information and risk status of any individual (i.e. they know
whether she is U, H or L) the equilibrium competitive contracts are the first
best contracts Cy;, C5; and C7 depicted in Figure 6. Now this conclusion seems
pretty obvious but there is a potential problem to be cleared before we can be
comfortable with this equilibrium contract set. If all the uninformed chose to
become informed, then the equilibrium contract set would contain only C%; and
C}. Thus, we must check when uninformed would choose to become informed
and face a lottery over Cj; and C} (the former if the test showed them to be
high risk and the latter if low risk). In fact, the decision to become informed
and, with probability g, receive policy C}; and with probability gy, receive
policy C7, is a fair lottery (with the same expected value as staying with C};)
and would not be chosen by a risk averse person. This confirms that the full
information equilibrium is Cy};, C}; and C7.
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6.2 Sequential equilibrium with insurer observing infor-
mation status but not risk type

It is a short step from this to consider what happens when the information sta-
tus is known to the insurer but not the risk status of those who are informed**.
For this, and remaining cases in this section, we will look for sequential Nash
equilibria. In this case, the insurer can offer a full information zero profit con-
tract Cf; to the uninformed and the normal Rothschild Stiglitz contracts, C;
and C7* as shown again in Figure 6. The intuition for this pair is clear when
one consider that the uninformed can be identified and, by assumption, the in-
formed high risks cannot masquerade as uninformed. But to confirm this is the
equilibrium contract set, we must be sure that the uninformed choose to remain
so. Recall from the previous paragraph, that the uninformed would prefer to
remain with Cf; than take the fair lottery of C}; and C}. Now C} would be
strictly preferred by an informed low risk than the Rothschild Stiglitz policy
C7*(which has to satisfy the high risk self selection constraint). Thus, by tran-
sitivity, the uninformed would prefer to remain with Cf; than face the lottery
of C}; and C*.

6.3 Sequential equilibrium when insurer cannot observe
information status or risk type

We now come to the more interesting case in which the information status
of individuals cannot be observed. This raises the interesting possibility that
people can take a test to become informed and, if the news is bad, pretend they
are uninformed. Since the insurer cannot observe information status, he has now
way of separating these wolves in sheeps’ clothing from the uninformed sheep.
This presents a problem for the uninformed. In order to signal that they are
really uninformed, and thus avoid subsidizing the high risks, they must accept
a contract that would satisfy a high risk self selection constraint. This contract,

{7 is shown in Figure 6. Suppose for the time being they accept this contract.
Now what zero profit contract can be offered to the informed low risks. To
prevent the uninformed buying a low risk contract, the latter must satisfy an
uninformed risk self selection constraint and such a contract set is C7. Now can
this triplet, C'};, C{;, C be a equilibrium? The answer depends on the costs of
information.

If the uninformed could choose to stay at C}; or become informed and take a
lottery over C; and C7, what would they do. It turns out the value of the test
is positive. Even though the test introduces more risk, there is a compensating

44This case may stretch plausibility a little since it is difficult to imagine an insurer being
able to verify that someone claiming to be uninformed is not really an informed high risk.
However, we will present the case for completeness.
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factor which tips the balance in favor of the lottery. Remaining uninformed
entails a real cost; policy C{; must bear risk to satisfy the high risk self selection
constraint. Thus, the uninformed will remain so only if the cost of the test
is sufficiently high. Accordingly the triplet C},, Cf;, C/ can only be a Nash
equilibrium if there are high costs of testing. If the test costs are low, we
must consider another possible equilibrium. Suppose insurers expected all the
uninformed to take the test, but they could not observe risk status after the
test. In that case the only pair satisfying the high risk self selection constraint
is the Rothschild Stiglitz pair, C}; and C7*. It is fairly straightforward to show
that, if the uninformed remained so, she would choose C7* over C;. Thus the
choice for the uninformed is to keep C7* valued without knowledge of risk type,
or face a lottery between C7; (valued with full information of high risk type)
and C7* (valued with knowledge of low risk status). It turns out that the value
of this lottery is zero. Thus, if the cost of information was zero, and using a
tie breaker rule, the uninformed would take the test and the pair, C};, C7* is a
sequential Nash equilibrium. But with any positive cost for the test, then this
cannot be an equilibrium.

We can now summarize. If the costs of information are sufficiently high,
there is a sequential equilibrium set Cj;, C};, C7 . If the information cost are
positive but below this threshold, then no sequential Nash equilibrium exists.
Finally, there is a knife edge case with an equilibrium of C};, C7* which exists
only with zero cost of information.

Insert Figure 6 here.

6.4 The Case of Consent Laws

One of the interesting policy applications of this analysis is consent laws. Many
states have enacted laws governing the disposition of information from genetic
(and other medical) tests. The typical law allows the patient to choose whether
to divulge information revealed by the test to an employer or insurer. This is-
sue was considered by Tabarrock (1994) who suggested that consent laws would
encourage people to take the test. This was examined further by Doherty and
Thistle, 1996b, who derive alternative Nash equilibria under consent laws. The
principal feature of their analysis is that informed low risks can verify their low
risk status by presenting the results of the test. Contrary, informed high risks
will conceal their identity, i.e., withhold consent. This leads to a potential equi-
librium containing policies of the set A = {C};, C}, Ci} or set B = {C}, C}}.
For B to be an equilibrium, the uninformed must choose to take a diagnostic
test when faced with this contract menu. The value of information, I(B), turns
out to be positive and this can only be an equilibrium if the information value
exceeds it the cost of the diagnostic test, c. The other possible equilibrium, A,
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can only hold if the uninformed remain so. Since the value of information, also
is positive, the equilibrium can only hold if the cost of the test is sufficiently
high to discourage testing, I(A) < ¢. Thus, the possible equilibria are A if the
cost of the test is sufficiently high and B if the cost of the test is sufficiently
low. There are possible situations where no Nash equilibrium exists or where
there are multiple equilibria. Summarizing:

I(A) < ¢ < I(B) multiple equilibria, A and B
c<I(A),I(B) equilibrium set is B
I(A),I(B) < c equilibrium set is A

I(A) > ¢ > I(B) no Nash equilibrium exists.

6.5 Moral hazard, public health and AIDS testing

If account is taken of the costs and benefits to patients of potential use of
information in insurance markets when consent laws are in place, the value of
information is positive and insurance markets can be concluded to encourage
testing. Whether people actually take medical tests also depends on the costs
of those tests and these costs are critical in determining which, if any, Nash
equilibrium exists. One can generalize hear and talk not simply of the costs
of the test but also of other benefits. Quite obviously, testing yields a medical
diagnosis which can be useful in treating any revealed condition. In general
we would expect this option for treatment to have a positive private and social
value (see Doherty and Posey, 1998). Accounting for the private value of this
option has the same effect as lowering the cost of the test and tends to favor
the equilibrium contract set B in which all people take the test. But this opens
up the wider issue of other costs and benefits to acquiring information of risk
status.

The result that insurance markets tend to raise the private benefit from
testing may be reassuring to those interested in public health who normally
consider testing for diseases such as AIDS and inherited disorders to be socially
beneficial. An interesting twist on this literature concerns the case of AIDS
testing. Several studies have analyzed behavioral choices in sexual activities
and their effect on the transmission of AIDS and the effectiveness of public
health measures (Castillo-Chavez and Hadeler, 1994 and Kremer, 1996). But of
particular interest here is the work of Philipson and Posner, 1993. They examine
the effect of taking AIDS test on opportunities to engage in high risk sexual
activity. Without going into detail, the point can be made by recognizing that
people might take the test to verify their uninfected status so they can persuade
partners to engage in high risk sexual activity. Without such certification, they
may have been unable to secure partners for high risk sex. While this is only one
part of their analysis, it is sufficient to illustrate their point that AIDS testing
can conceivably increase the spread of the disease. But, in spite of the possible
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social costs to testing, it also shows there are private benefits to diagnostic tests
since they expand opportunities for sexual trade.

This works tends to tilt the previous analysis of insurance equilibrium at least
for the case of AIDS testing. The insurance equilibrium required a comparison
of the costs of testing with the value of (insurance) information revealed by
the test. The work of Philipson and Posner, 1993, gives an exogenous private
benefit to testing. Such a private benefit is the same as a lowering of the cost
of testing. Accordingly, it creates a bias in favor of those equilibria in which all
individuals are fully informed of their risk status; i.e. contract set B.

7 Concluding remarks: extensions to the basic
models

7.1 Risk categorization and residual adverse selection

Adverse selection can explain the use of risk categorization in insurance mar-
kets based on variables that procure information at a low cost (Hoy, 1982). For
example, in automobile insurance, age and sex variables are significant in ex-
plaining probabilities of accidents and insurance premia (Dionne and Vanasse,
1992, Puelz and Snow, 1994). Particularly, young male drivers (less than 25) are
much more risky to insure than the average driver. Since it is almost costless
to observe age and sex, an insurer may find it profitable to offer policies with
higher premiums to young males. However, such categorization is now prohib-
ited in some states and countries. For a survey on adverse selection and risk
classification, see Crocker and Snow (2000).

Dahlby (1983, 1992) provided some empirical evidence that adverse selec-
tion is present in the Canadian automobile insurance market. He also suggested
that his empirical results are in accordance with the Wilson-Miyazaki-Spence
model that allows for cross-subsidization between individuals in each segment
defined by a categorization variable such as sex or age: low-coverage policies
(low risks) subsidizing high-coverage policies (high risks) in each segment®’.
This important statistical result raises the following question. Does statistical
categorization enhance efficiency in the presence of adverse selection? In other
words, can welfare be improved by using the public information on agents’
characteristics (such that age and sex) in offering insurance contracts in pres-
ence of adverse selection? Crocker and Snow (1985, 1986) showed that, if the
observable variables are correlated with hidden knowledge, costless imperfect

45However, Riley (1983) argued that the statistical results of Dahlby (1983) are also consis-
tent with both the Wilson anticipatory equilibrium (1977) and the Riley reactive equilibrium
(1979). Both models reject cross-subsidization.
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categorization always enhances efficiency where efficiency is defined as in Harris
and Townsend (1981). Another important contribution in Crocker and Snow
(1986) concerns the existence of a balanced-budget tax-subsidy system that pro-
vides private incentives to use costless categorization. It is important to notice
that the corresponding tax is imposed to contracts and not to individuals. If a
redistribution is operated from gains earned on the group in which low risks are
predominent (old male drivers for example) to the group in which high risks are
predominant (young male drivers), the classification always permits to elarge
the set of feasible contracts. The reason is that the use of categorization relaxes
the incentive compatibility constraints. As a result, with appropriate taxes, no
agent loses as a result of categorization. The results are shown for the Wilson-
Miyazaki-Spence equilibrium concept but can also sustain an efficient allocation
in a Nash equilibrium with a tax system (Crocker and Snow, 1986). Finally,
these conclusions can be applied to the Wilson anticipatory equilibrium or to
the Riley reactive equilibrium, for some values of parameters, both with a tax
system. It then becomes clear that prohibiting discrimination on equity con-
siderations imposes efficiency costs in insurance markets (such as automobile
insurance where categorization based on age and sex variables is costless).

In a recent empirical study, Dionne, Gouriéroux and Vanasse (1997, 1998)
(see also Gouriéroux, 1999) showed that risk classification is efficient to eliminate
adverse selection from the portfolio of an insurer, in the sense that there was
no residual adverse selection in the portfolio studied. They concluded that the
insurer was able to control for adverse selection by using an appropriate risk
classification procedure. Consequently, no other self-selection mechanism inside
the risk classes (such as the choice of deductible) is necessary to reduce the
impact of adverse selection. See Chiappori (2000) and Dionne (2000) for more
detailed analyses of methodologies to isolate information problems in insurance
data and Richaudeau (1999) for an application with a different data set.

7.2 Different risk aversion

Up to now, it was assumed that risk categories are determined up to the loss
probability. However, residual asymmetric information between the insured and
the insurers could consist of attitude toward risk. Villeneuve (1998) explores
the implication of assuming that differences in risk aversion combined with dif-
ferences in accident probabilities create a multi-dimensional adverse selection
problem where the equilibrium allocation differs qualitatively from the classi-
cal results of Rothschild and Stiglitz (1976). Not only may positive profits be
sustainable under several equilibrium concepts (Nash, Rothschild and Stiglitz,
Wilson, Riley), but equilibria with random contracts are also possible. The for-
mer situation is more likely when low risk agents are more risk averse, wheras
the latter is more likely when the low risk is less risk averse. Villeneuve explores
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precisely the origin of these phenomena. He gives necessary and sufficient con-
ditions on the comparison of risk aversions that either guarantee or exclude
atypical equilibria.

In a companion paper, Smart (1998) obtains similar results. In his model,
indifference curves of customers may cross twice: thus the single crossing prop-
erty does not hold. When differences in risk aversion are sufficiently large, firms
cannot use policy deductibles to screen high risk customers. Types may be
pooled in equilibrium or separated by raising premiums above actuarially fair
levels. This leads to excessive entry of firms in equilibrium.

7.3 Symmetric incomplete information

According to recent empirical studies which test the presence of adverse selection
in automobile insurance markets (Chiappori and Salanié, 1997, and Dionne,
Gouriéroux and Vanasse, 1998), it seems that we can reject the presence of
residual adverse selection. More precisely, even though there is some potential
adverse selection on these markets, insurers are able to extract all information
on risk type of individuals by the way of a very fine risk categorization.

By focusing on these recent empirical results, de Garidel (1997) rejects the
presence of initial asymmetries of information and on the contrary, assumes that
information between insurers and insureds is incomplete, but initially symmetric
(at the beginning of a two-period contract). He provides a dynamic competi-
tive model in which, each agent, together with his initial insurer, learns about
his type through accidents. However, other insurers may not, depending on
informational structures.

In the absence of ex-ante adverse selection, he shows that “(i) keeping in-
formation about accident claims private is welfare-improving, (ii) such a policy
does not jeopardize the existence of an equilibrium, and (iii) this equilibrium
exhibits both bonus and malus”. Thus, in a two-period model, adverse selec-
tion arises endogenously through differentiated learning about type and leads
to reconsider the widespread idea according to which competition in markets
with adverse selection may be undesirable. Indeed, de Garidel shows that it is
welfare-enhancing to produce adverse selection of this kind.

7.4 Principals more informed than agents

In the literature on decentralized markets under asymmetric information it
is commonly assumed that the uninformed party possesses all the bargaining
power. This is also the usual assumption of insurance models, whereas it is often
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argued that companies may be more able to assess the risk of an individual than
this individual himself can. The paper by Bourgeon (1998) reverses this usual
assumption, giving the relevant information to the insurers, in addition of the
bargaining power. Under this hypothesis, the insurers’ activity is not only to
sell a particular good or service but also to produce a diagnosis of the buyers’
needs. This is the case in some insurance markets, including health, where the
sellers appear as the experts in the relationship.

Assuming risk-averse buyers and risk-neutral sellers, the focus of Bourgeon
model is on symmetric steady state equilibria of the market game. The only can-
didates for equilibria are semi-separating ones, i.e., equilibria where the buyers
carrying the good state of nature are partially pooled with the low state ones.
The reason that invalidates separating equilibria is simply that they violate the
sellers’ incentive constraints: Assuming a separating equilibrium, the equilib-
rium contracts involve a full coverage of the damages, which are the same in both
states accident and no-accident. The only difference between these contracts is
thus the premium, which is higher for the high-risk individuals. A seller would
thus increase his profit by offering the high-risk contract to a low-risk buyer.
A pooling equilibrium cannot occur because of a trickier reason related to the
(limited) monopoly power of sellers: Knowing that her competitors propose a
pooling contract, a seller offers a contract corresponding to the buyer’s reserva-
tion value. But since the contract is pooling, the buyer cannot revise his beliefs
and his reservation value is unchanged since his entrance in the market. Conse-
quently, he has no reason to begin a time-consuming search and therefore, the
market shuts down. If an equilibrium exists, it thus entails a search, which is
long-lasting for all buyers carrying a bad state: Sellers always propose high-risk
contract, but since there is a chance that the buyer’s risk is low, he visits sev-
eral sellers before accepting this contract. Moreover, he is never convinced, and
consequently sellers charge a lower price than they would charge if the buyer
knew the true information. The informational asymmetry is thus advantageous
to the high-risk individuals, because they are not charged the entire risk pre-
mium corresponding to this state. When choosing a contract for a low-risk, a
seller balances between offering the contract for low-risks, which is certain to be
accepted by the buyer but gives small profits, and offering a high-risk contract,
which is accepted only by some of the buyers but is more profitable.

In a static approach, Fagart (1996b) explores a competitive market of insur-
ance where two companies compete for one consumer. Information is asymmet-
ric in the sense that companies know the value of a parameter ignored by the
consumer. The model is a signalling one, so that insureds are able to interpret
offered insurance contracts as informative signals and may accept one among
these offers or reject them. The features of the equilibrium solution are the
following: the information is systematically revealed and profits are zero.

Villeneuve (1999a) studied the consequences for a monopolistic insurance
firm of evaluating risk better than customers under the adverse selection hy-
pothesis reversed. In a more general model (Villeneuve, 1999b), he suggests
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that information retention and inefficiency have to be expected in many con-
texts. Particularly, in a competitive insurance market, he shows that neither
revelation of information nor efficiency are warranted, and that the surplus may
be captured by some insurers rather than the consumers. Thus, in his model,
the classical predictions of Rothschild and Stiglitz are reversed: types may be
pooled, the high risk consumers may remain without insurance or obtain partial
coverage, and profits are not always zero. The key argument is that the way
consumers interpret offers may refrain competitive behavior in the ordinary
sense.

7.5 Uberrima Fides

An insurance contract is under uberrima fides when an insured makes a full
disclosure of all facts pertaining to his risk that are known to him ex-ante. Under
this type of arrangement, the insurer asks questions about the individual risk
at the signature of the contract, but keep the right to investigate the truth only
when the claim is made, in order to reduce the audit costs. If the answers are
found to be false, the insurer can refuse to pay the claim. This scheme provides a
new way to select low risks at a lower social cost than the Rothschild-Stiglitz one.
Some life insurers used individuals declarations about their smoking behavior
in order to set insurance prices. In fact, Dixit (2000) shows that uberrima fides
is Pareto-improving when compared to Rothschild-Stiglitz equilibrium.

7.6 Adverse selection with multiple risks

Fluet and Pannequin (1997) consider two situations: one where insurers offer
comprehensive policies against all sources of risk (complete insurance) and where
different risks are covered by separate policies (incomplete contracts). In the
second case, they analyse the possibility that the insurer has perfect information
about the coverage of other risks by any insurer in the market. They show
that, when market conditions allow for bundling (getting information to protect
insurers against undesirable risks), the low risk individual in a particular market
(or for a particular source of risk) does not necessarily buy partial insurance in
that market as in the Rothschild and Stiglitz model.

Their analysis emphasizes the trade off between bundling and spanning.
Multiple-risk contracts allow for perfect spanning (take into account of corre-
lations between different risks) and for perfect bundling (take into account of
all informations available to the insurers) while single contracts with imperfect
information on contract choice for other risks are dominated since they do not
permit risk diversification and information sharing. They show that the former
is the more efficient which confirms the practice by insurers in many countries.
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Tablel

Comparison of Multi-Period Competitive Models

Full commitment

No-commitment

Commitment with renegotiation

Hypotheses Cooper & Hayes Kunreuther & Nilssen Fombaron Dionne & Doherty Fombaron
1987 Pauly 1990 1997b 1994 2000
1985
Price-quantity contracts Yes No Yes Yes Yes Yes
Insurers observe
- total contract choice Yes No Yes Yes Yes Yes
- accidents Yes No (claims only) Yes Yes Yes Yes
Rivals observe
- contract choices No No Yes Yes/No Yes Yes/No
- loss experience No No No Yes/No No Yes/No
Rivals offers are endogenous No No No Yes No Yes
Results
Type of equilibrium
- first period Separating Pooling Pooling or separating| Pooling, separating | Pooling, separating | Pooling, separating
or semi-pooling or semi-pooling or semi-pooling
- second period Separating Pooling Separating Separating Separating Separating
Cross-subsidization between
- types No Yesin both periods| Yesin both periods | Yesin both periods | Yesinfirst period | Yesin both periods
- contracts No No Yesin both periods | Yesin both periods No Yesin both periods
Temporal profit pattern Highballing Lowballing Lowballing Lowballing Highballing Highballing or
lowballing
Consumer lock-in No Yes Yes Yes No Y es when lowballing
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