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Abstract

Existence of pure strategy equilibria is studied in health insurance markets that exhibit
both ex ante adverse selection of the Rothschild–Stiglitz–Wilson type, and ex post hidden
information moral hazard. It is found that ex post moral hazard has two offsetting effects on
the existence of equilibrium, and that in general it is difficult to say whether an equilibrium
is more or less likely to exist. Numerical simulations, and an analytical example, confirm
that moral hazard may increase the likelihood of equilibrium. These results are interpreted
as evidence that Health Maintenance Organization (HMO) markets could be less likely to
exhibit stable equilibria than are fee-for-service insurance markets.  2002 Elsevier
Science B.V. All rights reserved.

1. Introduction

In important papers, Rothschild and Stiglitz (1976) and Wilson (1977)
(henceforth RSW) identified a fundamental weakness of insurance markets. In the
presence of asymmetric information about ex ante risk attributes, a competitive
equilibrium may fail to exist. Some authors have responded to the problem of
non-existence by modifying the structure of the original RSW model to establish
existence of equilibria. For example, Dasgupta and Maskin (1986a,b) show that if
mixed strategies are permitted an equilibrium always exists. Alternatively, Wilson
(1977) extended his basic model to include firms’ explicit dynamic reactions to
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new contract offers, and found that pure strategy equilibria generally exist. These
papers increased the likelihood of an equilibrium existing (to unity) by, respective-
ly, widening the strategy space and narrowing the set of feasible equilibrium-
breaking contracts.

In this paper, I examine the existence of pure strategy competitive equilibrium
in insurance markets that exhibit both adverse selection and, in addition, ex post
moral hazard. In this set-up, insurers can observe neither the ex ante risk
characteristics of purchasers of insurance (as in RSW), nor the state of the world

1that occurs ex post. This information structure is meant to provide a more realistic
description of orthodox fee-for-service medical insurance in which insurance
companies are unable to monitor accurately the true health status (i.e., medical
care needs) of claimants. I will argue below that the standard RSW model without
ex post moral hazard is more descriptive of pre-paid insurance policies offered by
US-style Health Maintenance Organizations (HMOs), and that a comparison of the
two models allows an analysis of the relative market performance of the two
organizational forms.

The intuition for the non-existence result in the standard model given by
Rothschild and Stiglitz is that if an equilibrium exists, it must be a separating
equilibrium in which individuals with different risks purchase different insurance
contracts. (No pooling equilibrium exists.) This separation imposes a cost on low
risks, who are only partially insured due to the self selection constraint. They are
prepared to pay to reduce their risk exposure, and if there are enough of them an
insurer could offer such a contract, and earn sufficient profits from the low risks to
offset any loss incurred on high risks who also opt for the new contract. That is, a
pooling contract might exist to break the potential separating equilibrium.

When the model is extended to include ex post moral hazard, both high and low
risk individuals typically purchase less than full insurance, even in the absence of
adverse selection. This is because the unobservability of the state of the world
precludes optimal redistribution across such states, making full insurance too
costly for both risk types. The costs to low risks of separation may thus be
relatively less, and a pooling equilibrium that breaks the potential separating
equilibrium less likely. Moral hazard could thus increase the range of parameters
over which an equilibrium exists.

The main contribution of this paper is to confirm this intuition. Simple
conditions under which fee-for-service markets are more likely to support an

1What I refer to here as ex post moral hazard has been labelled hidden information moral hazard by,
e.g., Hart and Holmstrom (1987). I do not consider what might be termed ex interim, or hidden action
moral hazard, whereby individuals can take unobservable actions that affect the probability distribution
over states of nature. Also, I do not consider the intermediate case of costly state verification (e.g.,
Townsend, 1979) in which a principle (the insurer) chooses an optimal auditing policy. Instead, the two
cases considered here (with and without moral hazard) can be considered to represent infinitely costly
and costless verification, respectively.
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equilibrium than HMO markets are not available. However, with the help of an
analytical example and numerical simulations I am able to show that for some
parameterisations of preferences, an improved informational environment in which
ex post moral hazard is absent (i.e., in which the state of the world is observable)
is detrimental to the attainment of equilibrium.

To understand these results, it is useful to reinterpret the original RSW intuition
regarding the conditions under which an equilibrium will not exist. It is not so
much the cost (in terms of expected utility) of separation that makes a pooling
contract both profitable to insurers and attractive to low risk individuals. Instead it
is more useful to recognise that in a separating equilibrium, low risk individuals
are constrained to purchase a sub-optimal quantity of insurance at actuarially fair
rates. The relevant description of the impact of incomplete insurance is in terms of
its effect on the willingness of low risk individuals to purchase unconstrained
quantities of insurance at actuarially unfair rates. The less fair the rate — i.e., the
higher the price — at which low risk individuals would be willing to purchase
unconstrained quantities of insurance — the less likely is an equilibrium to exist.

Ex post moral hazard has two effects on the willingness of low risk individuals
to purchase insurance at actuarially unfair rates. First, moral hazard reduces the
demand for insurance at all prices, so the highest price at which otherwise
constrained low risk individuals would be willing to purchase insurance falls. I
refer to this as the ‘internal incentive effect’ as it is not a direct consequence of the

2presence of high risk individuals in the market. The second effect is that, because
high risk individuals also prefer to purchase incomplete insurance, the constrained
level of insurance offered to low risk individuals at a separating equilibrium is
reduced. This ‘external incentive effect’ increases the price at which low risk
individuals are willing to purchase unconstrained quantities, essentially because

3the value of their outside option is reduced. These two offsetting effects make it
difficult to analytically sign the change in the critical insurance price. Section 5.1
below presents an example in which there is no external incentive effect, so that
the net impact of moral hazard is to unambiguously increase the likelihood of
equilibrium. More generally, the numerical simulations provide examples of when
each effect dominates.

Of course, when an equilibrium does exist in both types of market (i.e., with
and without ex post moral hazard), the HMO allocations will Pareto dominate the
fee-for-service ones. Thus, conditional on an equilibrium existing, more in-
formation (the removal of ex post moral hazard) is better, as would be expected.
However, in those cases when improved information leads to non-existence of
equilibrium, it is arguable that more information is actually worse, as it causes the
market to break down relatively more often.

2It is, of course, just a consequence of moral hazard, but overuse of this term seems imprudent.
3This effect derives from the impact of moral hazard on the adverse selection incentive constraint.

Again, solely for reasons of clarity, avoidance of these terms seems advisable.
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There is a danger in comparing two institutional arrangements with different
equilibrium existence properties. Ideally we should search for a more appropriate
equilibrium concept, perhaps within the context of a dynamic model, that assures
existence for all parameterizations. Although speculative at this stage, one might
expect that in cases when a standard RSW equilibrium exists, the equilibrium in
the more general model would coincide with it, but that when an RSW equilibrium
does not exist the equilibrium of the more general model could exhibit cycling or
some other form of non-stationarity. If there are sufficient welfare costs associated
with the second type of equilibrium (for example, due to a lack of ‘life-time’
insurance), a more definitive comparison of institutional arrangements would be
possible.

The only other paper to have examined the issue of equilibrium existence under
different institutional structures that I am aware of is Chernew and Frick (1999).
They allow insurance companies to offer contracts with both a cost-sharing (i.e.,
fee for service) component and a non-financial cost of obtaining care, identified as
the degree of ‘managedness.’ Managedness reduces a consumer’s utility because it
constrains his ex post choices. The existence of this second contractual dimension
expands both the degree to which low risks can differentiate themselves from high
risks, and the set of contracts that can break any potential separating equilibrium.
In this sense, the authors’ finding that the effects of managed care on equilibrium
existence are ambiguous are not too surprising. In the current paper however, the
essential difference between the two institutions is an improvement in the
information structure, which nonetheless can have detrimental effects on equilib-
rium existence.

Adverse selection in health insurance markets has recently received growing
attention in the empirical literature. Cutler and Zeckhauser (1997) and Cutler and
Reber (1998) both find evidence that when employers changed the implicit
subsidies to, and hence relative prices of, alternative insurance packages, consum-
ers responded in the way predicted by the standard theory. In a study of a natural
experiment involving states in the US, Buchmueller and DiNardo (1999) found
little evidence of an ‘adverse selection spiral,’ akin to Akerlof’s (1970) no-trade
equilibrium, but did find that the data were consistent with the RSW model. None
of these studies however have attempted to tackle the issue of existence.

The next section presents a formal model of health and insurance choice under
full and symmetric information about ex ante risk types and ex post health status.
Section 3 introduces adverse selection, while retaining the assumption of full and
symmetric information ex post, and examines the equilibrium properties of the
insurance market. The model is essentially the same as that of the original RSW
framework, and represents the informational structure faced by HMOs. Section 4
models fee-for-service insurance by including ex post moral hazard through the
assumption that health status is not observable by the insurer. It examines the
effects of the additional information constraint on the nature and existence of
equilibrium. Section 5 presents an analytical example of a situation in which moral
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hazard must increase the chance of an equilibrium, and reports the results of
numerical simulations. The final section concludes. All proofs are relegated to
Appendix A.

2. Insurance choice with full and symmetric information

In this section I present a simple model of health insurance under full and
symmetric information about ex ante risk types and ex post states of nature.
Following the analysis of Jack and Sheiner (1997), an individual’s utility u(c,h) is
assumed to be a well-behaved function of health h (not to be confused with health
care services) and other consumption c. Exogenous income is denoted by w. The
shock against which individuals wish to insure is the price of health, u, and
individuals purchase insurance to maximise their expected utility over states of the

4world. Consistent with the empirical literature, I will assume that the elasticity of
demand for health is less than unity, so that sicker people spend more on health.
Jack and Sheiner assumed a continuous distribution of u in their model of
insurance choice without ex ante adverse selection. Here, as I will later want to
examine the interaction of ex ante adverse selection and ex post moral hazard, I
simplify the ex post structure of the model and assume that u can take on one of
just two values, u in the good state of the world, and u .u in the bad state. Asg b g

in RSW, individuals differ ex ante according to their risk of being in the good or
hbad state: high risk individuals have a probability p of being in the bad state (and

h(1 2 p ) of being in the good state), while the corresponding parameter for low
l hrisk individuals is p , p . Low risk individuals make up a proportion l of the

population.
When individuals’ risk types are observable by insurers, insurance contracts can

differ according to risk. In this case, assuming a competitive insurance market and
zero profits, insurance contracts are offered independently to each type. Also, as
the ex post state of the world (i.e., health status) is observable, contracts can be
made state-contingent, and optimally are characterised by lump-sum transfers
between states of the world. Thus, for individuals of type i the contract is

i idescribed by a pair of transfers ht ,t j, with the components indexed to the statesg b

of the world. The transfers are interpreted as net transfers from individuals to the

4This interpretation can be derived from a simple health production function model. Assume that u

represents generic health status, and health h, is produced under constant returns to scale from inputs z,
with

h 5 f(z,u ) 5 z /u.
(Introducing decreasing returns does not alter the intuition of the paper.) Thus u determines the
productivity of health inputs. If input prices are p, then the minimum cost of attaining health h in state u

is c(h,u ) 5 puh. If p is normalized to unity, u can be interpreted as the price of health.
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i iinsurance company, so it is natural to expect that t . 0 . t . The optimal contractg b

for each risk type i solves the following optimisation problem:

imaxE [v(u,w 2 t )] s.t. E p 5 0i i i
i iht ,t jg b

where v(u,w 2 t) is the indirect utility function and p is the profit an insurer earnsi

from type i individuals. More explicitly, the optimal contract for type i individuals
satisfies

i i i imax p v(u ,w 2 t ) 1 (1 2 p )v(u ,w 2 t )b b g g
i iht ,t jg b

i i i is.t. p t 1 (1 2 p )t 5 0b g

The solution to this problem is characterised by full insurance, in which the
marginal utility of income is equated across states of the world. This can be seen
by simply substituting the constraint equation into the objective function, which
yields

i iv (u ,w 2 t ) 5 v (u ,w 2 t )2 b b 2 g g

where the subscript on the utility function denotes partial differentiation with
respect to the second argument. In standard models of income (as opposed to
price) risk (as in RSW) optimal insurance is characterised by equality of income,
and hence of the marginal utility of income, across states of the world, and the
optimal contract is located on the ‘certainty’ line. Here, the optimal contract is
located on the ‘full insurance’ line, whose equation is denoted m 5 f(m ), whereb g

m 5 w 2 t is net income in state of the world s, and which is shown in Fig. 1.s s

The contracts for both high and low risk individuals are shown, denoted H and0

L , respectively. Note that the axes of the figure represent nominal income in each0

state of the world, and so the initial endowment is on the certainty line at point E.
However, the equal marginal utilities or full insurance line along which the
optimal contracts lie is to the north-west.

3. Adverse selection

In this section, I assume that insurers cannot distinguish between high and low
risk individuals, but that if and when an illness or accident occurs, they can
costlessly observe the nature and extent of medical need. In terms of the stylized
model, insurers can observe the ex post price of health, u. This assumption is
meant to characterise in a simple way the informational structure faced by HMO
insurance companies. Because HMO staff include physicians, who are assumed to
be at least as good at diagnosing health conditions as individuals, it seems
reasonable to ascribe to them the ability to observe u. On the other hand, in
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Fig. 1. Equilibrium contracts with full and complete information.

assuming that the HMO cannot observe risk characteristics, I endow individuals
with more knowledge of likely health-related outcomes regarding their life-styles

5and predisposition towards disease contraction and accidents.
If insurers cannot distinguish between different risk types ex ante, then the

optimal contracts characterised above will not be sustainable in equilibrium. If the
two contracts H and L are offered, both high and low risk individuals will choose0 0

the contract designed for low risks, L , and profits will be negative. The0

equilibrium contracts now solve the following joint optimisation problem for
i 5 l,h:

imax E [v(u,w 2 t )]i
i iht ,t jg b

s.t. p 5 0i
i jand E [v(u,w 2 t )] $ E [v(u,w 2 t )]i i

Profits continue to be constrained to be zero for each risk type separately (i.e.,
there is no cross subsidisation). The second constraint requires that individuals

5Of course, it is reasonable to assume that HMOs can engage in some screening of risks at the time
of enrollment. However, such screening is also carried out by fee-for-service insurers, and as I wish to
differentiate between the types of insurance according to ex post observability of states of the world,
the assumption of ex ante adverse selection appears reasonable.



258 W. Jack / Journal of Public Economics 84 (2002) 251 –278

self-select and choose contracts appropriate to their types. As RSW show, the
impact of these constraints is that equilibrium contracts must differ between
individuals (i.e., there is no pooling equilibrium), and that the equilibrium
insurance coverage of low risk individuals is incomplete, at point L in Fig. 2.1

While the contract they purchase transfers income between the two states at the
actuarially fair price, they are constrained from purchasing their desired quantity of
insurance at that price. High risk individuals continue to be fully insured at point
H .0

The pair of contracts hH ,L j represents the only possible equilibrium. But it0 1

may not be sustainable. If there are sufficiently many low risk individuals so that
the average market odds line EA is close enough to the zero profit line for low
risks, p 5 0, then the potential separating equilibrium will not be sustainable. Thel

existence of a contract such as g in Fig. 2 will break the equilibrium, since both
high and low risks prefer it, and it earns positive total profits.

In general there exists some cut-off proportion of low risks in the population,
* *l , such that if the actual proportion of low risks l is greater than l , an

equilibrium will fail to exist. l* is that proportion of low risks that results in the
average market odds line EA being tangent to the low risk indifference curve
through L . The smaller is l* the less likely is an equilibrium to exist. Thus I1

identify l* with the chance or likelihood of a pure strategy equilibrium existing.
It is clear from Fig. 2 that, ceteris paribus, the further is L from the full1

insurance point L , the smaller is l*. In particular, for a given shape of the low0

Fig. 2. Equilibrium in the RSW model of adverse selection.
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risk indifference curves the greater the gap between full insurance and the actual
insurance that low risks can obtain, the less likely is an equilibrium to occur. Low
risk individuals would be willing to purchase insurance at a price higher than the

l lactuarially fair rate of p /1 2 p , as long as they faced an unconstrained quantity
choice. The highest price at which they would be willing to purchase insurance is

l hp*/1 2 p* where p* 5 l*p 1 (1 2 l*)p . Since high risk individuals will also
wish to purchase insurance at this price, there needs to be sufficiently many low
risk individuals in the population (i.e., l must be greater than l*) to induce
insurers to offer contracts at such prices.

Note however that l* also depends on the shape of the low risk indifference
curve in Fig. 2. Heuristically, the higher the curvature in the relevant range, the
lower will l* be, and the less likely will an equilibrium be to exist. Equivalently,
the higher the curvature, say due to greater risk aversion, the higher will be the
price above the actuarially fair rate at which a low risk individual will be willing
to purchase an unconstrained quantity of insurance. Again, if there are sufficiently
many low risk individuals to subsidise the high risks who also purchase insurance
at the intermediate price, then insurers will be willing to supply insurance at these
rates and make positive profits.

4. Adverse selection and moral hazard

In this section I introduce ex post moral hazard into the model. I retain the
assumption of no ex interim or hidden action moral hazard, both because this may
be of secondary importance in the health insurance context due to the often
substantial non-pecuniary costs associated with ill health, and because some
choices that affect health status risk are nowadays contractible (e.g., smoking).
However, ex post moral hazard is thought to play an important role in determining
behaviour in health care and health insurance markets (see, e.g., Feldstein and
Friedman, 1977; Pauly, 1986; Manning et al., 1987). In particular, the information
structure, in which insurers cannot observe the state of the world, is meant to
characterise fee-for-service insurance. To analyse the equilibrium contracts that are
offered in this setting, it is necessary first to describe the insurance choices of
individuals in the absence of adverse selection, and then to analyse market
equilibrium.

4.1. Incentive compatible contracts

The basic characteristic of feasible contracts under conditions of ex post moral
hazard is that they must base net transfers not on the unobservable state of the
world, but on health expenditures. This characterisation is consistent with the
observation that most fee-for-service insurance plans base benefits on incurred
costs (in a possibly highly non-linear fashion). When the possible states of the
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world form a continuum, it is natural to write the net transfers defined by the
iinsurance contract for individuals of risk type i as a function t (q) where q 5uh is

the expenditure on health by an individual in state of the world u. For example, an
iinsurance contract for risk type i that stipulates a premium P and a constant

icoinsurance rate k (being the proportion of expenditures paid by the insured)
i i i 6would be represented by the net transfer function t (q) 5 P 2 (1 2 k )q.

In the present case with just two possible states of the world, a generic contract
stipulates a net transfer and level of health care expenditure in each state of the

i i i iworld. That is, the contract for risk type i is a pair of allocations h(q ,t ),(q ,t )j,g g b b
i i iwhere q 5u h is the amount of health expenditure in state s, and t is thes s s s

7monetary transfer made to the insurance company by the individual in state s.
For the purposes of describing feasible contracts under moral hazard, let us drop

the risk superscript momentarily. For any pair of transfers ht ,t j, the healthg b

expenditure allocations hq ,q j must satisfy the following three conditions.g b

1. q must be feasible, given t . That is, w 2 t 2 q $ 0. When an individual ins s s s

state s9 chooses contract (q ,t ) her consumption of non-health goods iss s

c 5 w 2 t 2 q and her consumption of health is h 5 q /u .s s s s9

2. q and q must be incentive compatible. That is, writing n(q ,t ,u ) 5 u(w 2b g s9 s9 s

t 2 q ,q /u ), it is necessary thats9 s9 s9 s

n(q ,t ,u ) $ n(q ,t ,u )s s s s9 s9 s

for s9 ± s.
3. q maximises n(q,t ,u ) subject to the feasibility and incentive compatibilitys s s

conditions.

The last condition reflects an assumption that due to competition, for a given
pair of transfers and hence a given profit, insurers will offer individuals the most
attractive consumption bundles subject to them being feasible and incentive
compatible. Ignoring the incentive compatibility constraint, the maximal utility

* *attainable in each state given the transfer t is v(u ,w 2 t ) 5 u(w 2 t 2 q ,q /u ),s s s s s s s

*where v(.,.) is the indirect utility function, q (t ) 5u h*(u ,w 2 t ), and h*(.,.) iss s s s s

the Marshallian demand function for health. When there is no confusion, I shall
* * *just write q . Similarly, c ; c*(u ,w 2 t ) 5 w 2 t 2 q (t ) is the efficients s s s s s s

demand for the non-health consumption good. In fact, it turns out to be more

6 i iThis implies a net out-of-pocket expense of P 1 k q.
7We are implicitly invoking the revelation principle (Myerson, 1979). A typical fee-for-service

contract is an indirect mechanism, that stipulates a monetary transfer t as a function of endogenous
expenditures q. Such a policy can always be implemented via a direct mechanism that assigns a
transfer and required expenditure pair based on a report of the parameter u, that is (t(u ),q(u )). For an
exposition of both the binary and continuum models in the isomorphic case of non-linear monopoly
pricing, see Tirole (1988) Chapter 3.
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convenient to describe the incentive compatibility constraint in terms of demand
for the consumption good, c. For a given transfer pair (t ,t ), consider the equationg b

v(u ,w 2 t ) 5 u(c,[w 2 t 2 c] /u ).g g b g

For all transfer pairs (t ,t ) such that t $ t , this equation has two solutionsg b g b

˜ ˜ ˜ ˜c (t ,t ) and c (t ,t ), with c # c . Considering only contracts that increase1 g b 2 g b 1 2

nominal income in the bad state relative to the good state, the following partial
characterisation lemma obtains:

Lemma 1. Assume c is normal and that the price elasticity of demand for health is
* *less than one. When t $ t , the contract pair h(q ,t ),(q ,t )j is incentiveg b g g b b

˜compatible if and only if c*(u ,w 2 t ) # c (t ,t ).b b 1 g b

This lemma is illustrated in Fig. 3. When the transfer pair satisfies the conditions

Fig. 3. For income transfer (t ,t ), the efficient consumption bundles are incentive compatible.g b
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of the lemma, the individual’s expected utility across states of the world is

V(t ,t ) 5 pv(u ,w 2 t ) 1 (1 2 p)v(u ,w 2 t ).g b g g b b

˜When the transfer pair is such that c*(u ,w 2 t ) . c (t ,t ) and the efficientb b 1 g b

health expenditure allocations are offered, individuals in the good state of the
*world will prefer to choose the (q ,t ) contract (as will those in the bad state). Tob b

ensure that those in the good state choose the contract designed for them,
switching to the bad state allocation must be made less desirable. This is achieved
by distorting the consumption bundle in the bad state away from (c*(u ,w 2b

t ),h*(u ,w 2 t )), as illustrated in Fig. 4.b b b

˜ ˜In particular, by setting c equal to either c (t ,t ) or c (t ,t ), and q 5 w 2 t 2b 1 g b 2 g b b b

c , the incentive for individuals in the good state to switch can be removed. Theb
˜˜particular choice of c is determined by which of the two allocations (c ,h ) ;b 1 1

˜˜ ˜ ˜ ˜ ˜(c ,[w 2 t 2 c ] /u ) and (c ,h ) ; (c ,[w 2 t 2 c ] /u ) is both feasible and yields1 b 1 b 2 2 2 b 2 b

Fig. 4. With larger income transfers (t ,t ), the efficient consumption bundles become incentiveg b

incompatible.
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8the consumer higher utility in the bad state. It is expected that in most cases of
˜interest, c 5 c (t ,t ) will be optimal. Sufficient conditions for this are given inb 1 g b

the following lemma:

Lemma 2. Suppose that for all m . 0, for all u [ (u ,u ), and for c [ (0,m),g b

d m 2 c ≠u m 2 c
] ]] ] ]]FS D Sc, DG. 0.dc u ≠h u

* *Then for all transfer pairs (t ,t ) such that t . t and (q ,q ) is not incentiveg b g b g b
˜ ˜˜ ˜compatible, u(c ,h ) . u(c ,h ), and the health expenditure allocation that pro-1 1 2 2

vides maximal utility in each state and is incentive compatible for individuals in
˜*the good state is q 5 q (t ) and q 5 [w 2 t 2 c (t ,t )].g g g b b 1 g b

Thus under the conditions of Lemma 2, an incentive compatible insurance
9contract leads to excessive health expenditures by those in the bad state. Note that

to show that the allocation (q ,q ) is incentive compatible for individuals in theg b

bad state, it is necessary to show that those in the bad state will not wish to choose
˜˜ * *the contract (t ,q ). That is, it is still required that u(c ,h ) . u(c ,[w 2 t 2 c ] /g b 1 1 g g g

u ).b

Lemma 3. Suppose preferences over consumption and health are quasi-linear,
u(c,h) 5 c 1 z(h), and suppose the coefficient of relative risk aversion associated
with the gross surplus function z(.) is always greater than unity, that is, 2 hz 0(h) /
z 9(h) . 1 for all h. Then given a transfer pair (t ,t ) such that t . t , theg b g b

˜*expenditure allocation q 5 q (t ) and q 5 [w 2 t 2 c ] is incentive compatibleg g g b b 1

for individuals in both states.

nAs an example, suppose the gross surplus function is given by z(h) 5 2 a /h
for some positive constants a, n. Then

nu(c,h) 5 c 2 a /h

99and 2 hz /z 9 5 (n 1 1) . 1, so the conditions of Lemma 2 are satisfied.

8Note that distorting the consumption bundle of individuals in the good state, given their transfers,
will only increase their incentive to switch, because such distortion makes them worse off. Thus such a
distortion is not warranted.

9In a continuous state space model, a linear contract (premium plus coinsurance rate) will lead to
excessive health expenditures in all states. But under a fully optimal non-linear contract, the health
expenditure of the individual in the best health state will be undistorted. This is just the familiar no
distortion at the top result from optimal tax theory (Mirrlees, 1971).
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In general, for any transfer pair (t ,t ) with associated (q (t ,t ),q (t ,t ))g b g g b b g b

satisfying conditions 1–3, expected utility is

V(t ,t ) 5 pu([w 2 t 2 q ],q /u ) 1 (1 2 p)u([w 2 t 2 q ],q /u )g b g g g g b b b b

Now suppose there is a contract consisting of equal transfers, t , w, in each state0
10of the world (t could be less than zero). In a trivial sense the pair0

* *h(q (t ),t ),(q (t ),t )j is efficient and incentive compatible. The individual’sg 0 0 b 0 0

welfare with this allocation is V(t ,t ) ;V , and as the elasticity of demand for0 0 0

˜health is less than one, c*(u ,w 2 t ) , c*(u ,w 2 t ) 5 c (t ,t ). Now considerb 0 g 0 1 0 0

reducing the size of the transfer to the individual in the good state of the world
(i.e., increasing t ), and increasing the transfer to her in the bad state (i.e.,g

reducing t ), so as to leave expected utility unchanged at V . At each successiveb 0

transfer pair, the health expenditure allocations in each state must adjust so as to
continue to satisfy conditions 1–3 above. That is, they must remain both feasible
and incentive compatible, while affording the consumer maximal utility in each
state subject to these constraints. For small changes in (t ,t ) in the directiong b

* *indicated, the efficient health expenditure allocations (q (t ),q (t )) satisfy theg g b b

required conditions. However, as the process continues, at some point the
incentive constraint binds, and the efficient allocation will cease to be incentive
compatible. More formally, let t 5 t (t ;V ) solve the equation V(t ,t ) 5V . Thenb b g 0 g b 0

the following lemma obtains.

ˆLemma 4. Assume c is normal and t , w. There exists t (t ) . t such that for all0 g 0 0
ˆt [ (t ,t (t )) the efficient allocations are incentive compatible, i.e.,g 0 g 0

ˆ* *q (t ,t (t ;V )) 5 q (t ) and q (t ,t (t ;V )) 5 q (t ), while for all t . t (t ), theg g b g 0 g g b g b g 0 b b g g 0

efficient allocations are not incentive compatible.

Now consider the mapping

2
g :(2`,w) → R1

ˆ ˆt ∞ (w 2 t (t )),(w 2 t (t ))0 g 0 b 0

2The image of this map in R defines the boundary of two regions, and the1

equation of this boundary is denoted by m 5 t(m ). It is straightforward tob g

confirm that t9(m ) . 0. t is called the transition line: to the right of it the efficientg

allocations are incentive compatible, and to the left they are not.
As well as characterizing transfers under which efficient allocations are

implementable, the transition line tells us how moral hazard effectively alters
individuals’ preferences over implementable insurance policies. To each value of
t there corresponds a curve of constant expected utility that crosses the transition0

10Clearly these transfers yield positive (negative) profits whenever t . ( , )0. At this stage, I am only
interested in describing individuals’ preferences over net income in the two states.
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line. To the right of the transition line the indifference curves coincide with those
that arise when there is no moral hazard. However, they are not differentiable
along the transition line, and have discontinuously greater slopes (in absolute
value) than the smooth indifference curves that exist in the absence of moral
hazard. In particular, in the absence of moral hazard, the indifference curve is

ˆ ˆsmooth at all points, including ht (t ),t (t )j, and has slope there given byg 0 b 0

dm /dm u . This is also the value of the right-hand derivative of the indiffer-b g V5Vo
ˆ ˆ ˆence curve with moral hazard at ht (t ),t (t )j, since for m . w 2 t (t ) theg 0 b 0 g g 0

indifference curves with moral hazard are identical to those without. However, the
left-hand derivative of the indifference curve with moral hazard is (algebraically)
less than dm /dm u , since a marginal increase in t (which lowers m ) must beb g V5V g go

offset by a larger reduction in t (increase in m ) than in the absence of moralb b
11hazard.

4.2. Equilibrium

The position of the transition line relative to the full insurance line, f(m ),g

determines whether ex post moral hazard has any effect on the potential
equilibrium contracts. If the transition line is to the north-west of the full insurance
line, then the ex post incentive constraints only bind at very high transfer levels.
These transfers are greater than those that would be chosen without moral hazard,
so the potential separating equilibrium is not altered, as shown in Fig. 5. Similarly,
the likelihood of an equilibrium existing is unchanged, as the critical value l* is

12unaffected.
However, when the transition line lies to the south-east of the full insurance

line, then both the potential equilibrium contracts and the likelihood of an
equilibrium existing in general change. In this case, at a potential separating
equilibrium both high and low risk individuals obtain incomplete insurance, at
points H and L , respectively. The contract for high risks, H , is characterised by2 2 2

the fact that it provides maximal expected utility subject to earning zero profits. As
drawn in Fig. 6, this occurs at the intersection of the transition line and the p 5 0h

locus, due to the non-differentiable kink in indifference curves at that point. It is
plausible that H actually lies further to the left of the transition curve (but still to2

11In models of hidden action (or ex interim) moral hazard (e.g., Arnott and Stiglitz, 1988),
non-convexities can easily arise. However in the current model of ex post moral hazard the indifference
curves remain convex.

12Recall that in the absence of ex post moral hazard, all low-risk indifference curves cross the full
insurance line with a slope of 2 (1 2 p ) /p . Thus, in the absence of moral hazard, the point ofl l

tangency between the market odds line defined in terms of the critical proportion of low risks, l*, and
the relevant low risk indifference curve, is below the full insurance line. As the potential equilibrium
contracts are unaffected by the existence of moral hazard when the transition line is above the full
insurance line, neither is this tangency point, and the critical proportion l* of low risks is unchanged.
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Fig. 5. The position of the transition line relative to the full insurance line determines whether moral
hazard will affect the existence of equilibrium.

Fig. 6. Impact of ex post moral hazard on potential equilibrium when the transition line lies below the
full insurance line.
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the right of the full insurance line), but for illustrative purposes it is useful to
assume that the kink in the indifference curves is large enough to avoid this

13possibility.
As high risk individuals have less than complete coverage, the incompleteness

of the coverage of low risk individuals is further increased relative to the case
without moral hazard. The intuition for this is that, because the coverage of low
risks must be sufficiently unattractive to high risks to stop the latter from choosing
it, the level of that coverage must fall. However, the ‘cost’ of adverse selection to
low risk individuals, in terms of their reduction in welfare, may well be
substantially reduced when there is moral hazard, since the choice of insurance
without adverse selection is itself incomplete. For example, the insurance level
chosen by low risks in the presence of ex post moral hazard, but without adverse
selection, is at point L9 in Fig. 6.

It is clear from the diagram that the change due to moral hazard, if any, in the
critical value l* above which an equilibrium will fail to exist, cannot be
unambiguously signed. On the one hand, because of the lower level of insurance at
the potential separating equilibrium, low risk individuals will be willing to
purchase an unconstrained quantity of insurance at higher prices than previously,
which reduces l* and the likelihood of an equilibrium. This is the ‘external
incentive effect’ mentioned in the introduction. But on the other hand, because of
the kink in their indifference curves, they will be unwilling to purchase insurance
at such a high price as in the case of no moral hazard. That is, transferring income
between states of the world at actuarially unfair rates is less attractive to low risk
individuals than before, since they will be constrained to consume income in the
bad state inefficiently. This ‘internal incentive effect’ increases l* and the
likelihood of an equilibrium.

5. Examples

In this section, we first define a set of preferences under which moral hazard
must increase the likelihood of equilibrium existence. We then report results from
numerical simulations for a broader range of preferences.

5.1. An analytical example

I construct an analytical example in which the introduction of moral hazard
must increase the chance of an equilibrium existing. Only the intuition behind this

13Indeed, as one objective is to find situations in which an equilibrium with moral hazard is more
likely to exist, it is sufficient to have an upper bound on the extent to which the low risk contract, L2

moves down the p 5 0 line. H provides such an upper bound.l 2
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example is provided here, all details being relegated to Appendix B. Suppose at
low income levels preferences are Leontief, but that at higher incomes they are
quasi-linear. Such ordinal preferences imply that at low incomes the Engel curve
for health is linear, and that for higher incomes it is flat, giving health the
properties of a necessity good. This general relationship is not inconsistent with
much empirical evidence on the demand for health (e.g., Manning et al. (1987)).

In this case, for low incomes there are no distortionary effects of price subsidies
(i.e., expenditure-based insurance), so transfers in the bad state must be very large
relative to those in the good state in order to be incentive incompatible. The
transition line thus lies above the full insurance line. On the other hand, in the
quasi-linear range at higher incomes, the distortionary costs are positive, and net
transfers from the good to the bad state become incentive incompatible earlier. The
transition line therefore lies below the full insurance line in this region. At an
intermediate point, the two lines intersect.

Now assume that endowments are such that a fully insured high risk individual
consumes at the intersection. This situation is shown in Fig. 7. In this case, the
introduction of moral hazard has no effect on the potential equilibrium contract
offered to high risks, as optimal insurance for them continues to be complete. Thus

Fig. 7. An example in which there is no external incentive effect, and moral hazard can only improve
the chances of equilibrium existence.
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there is no ‘external incentive effect’ on low risks, and the only impact of moral
hazard is the ‘internal incentive effect’ which implies that the highest price at
which otherwise constrained low risk individuals are willing to purchase an
unconstrained quantity of insurance falls, and the likelihood of an equilibrium
existing increases.

5.2. Numerical simulations

The analytical example of the previous sub-section used a very specific utility
function. In this section, I present the results of numerical simulations using a
simpler representation of preferences, in part to show that the special analytical
case is not exceptional. In particular, I now assume that preferences are quasi-
linear over all income ranges. Thus for all c and h, the utility index is of the form

nc 2 a /h , where a and n are positive constants, so that the elasticity of demand for
health is equal to 1 /(n 1 1) [ (0,1). Individuals are assumed to have identical
attitudes towards risk, represented by a constant coefficient of risk aversion j,
yielding a complete description of preferences over health and consumption across
states of the world of

1 n (12j )]]u(c,h) 5 (c 2 a /h ) .1 2 j

Using this representation of preferences, I examine the conditions under which the
existence of moral hazard has an effect on equilibrium insurance contracts, the
extent of the changes in coverage that it induces, and the effect of moral hazard on
the likelihood of an equilibrium existing.

As shown in Appendix B for quasi-linear preferences, the full insurance line is
given by

m 5 f(m ) 5 m 1 fb g g 0

where f 5 z(h(u )) 2 e 2 z(h(u )) 2 e 5 s 2 s , e is unconstrained healthf gf g0 g g b b g b s

expenditure in state s, and s is the surplus from health consumption in state s.s

Similarly, the transition line is defined simply as

m 5 t(m ) 5 m 1 tb g g 0

where
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ub
]t 5 z(h(u )) 2 e 2 z h(u ) 2 e , f .f g F S D G0 g g b b 0ug

Thus, over all income ranges, the full insurance line and the transition line are
parallel, and the latter lies always to the south of the former. In this case then,
moral hazard always affects potential equilibrium contracts. Similarly, it is easy to

14check that t . 0, so the transition line lies above the equal incomes line.0

Even with these relatively simple functional forms, it is not possible to arrive at
simple conditions under which the external or internal incentive effect dominates,
and thus under which the likelihood of an equilibrium will decrease or increase.
Table 1 thus reports some illustrative results from numerical simulations using the
CRRA/quasi-linear specification of utility above. Entries in the table represent the
percentage increase in the critical value l* under conditions of ex post moral

15hazard. For these simulations, it was assumed that health expenditures in the
good state of the world amounted to about 2% of income (u 5 0.1, m 5 10), andg

that the low risk individuals’ probability of being in the bad state is 0.1.

Table 1
Percentage increase in the likelihood of equilibrium in the presence of ex post moral hazard

j u ´ 5 0.25 ´ 5 0.1b h h

p ph h

0.2 0.5 0.8 0.2 0.5 0.8

2 0.2 10.1 10.1 10.1 10.6 10.2 10.1
1.0 20.2 10.5 10.7 12.1 11.1 11.0
1.8 21.3 10.5 11.2 12.2 11.5 11.7

4 0.2 10.1 10.1 10.2 11.0 10.4 10.3
1.0 22.2 10.3 11.2 11.9 11.5 11.8
1.8 24.5 20.3 11.9 11.3 11.9 13.2

6 0.2 22.9 21.6 21.9 21.0
1.0 25.0 20.3 11.5 10.9 11.7 12.7
1.8 28.9 21.6 12.6 20.9 12.0 14.8

8 0.2
1.0 211.8 22.4 21.6 20.7
1.8 216.2 11.1 27.3 18.2

14When n [ (21,0) and the elasticity of demand is greater than unity, t , 0.0
15Blank cells represent parameter values for which the simulations did not converge.
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Simulations are performed for two values of the elasticity of demand for health,
´ (51/(n 1 1)), consistent with empirical estimates of about 0.2. The price ofh

health in the bad state varies between 2, 10, and 18 times the price in the good
state, and health expenditures are correspondingly 4, 13, and 20% of income in the
bad state when n 5 3.

The results from Table 1 confirm that the impact of moral hazard on the
likelihood of a pure strategy equilibrium existing can be positive or negative. In
general it is not to be expected that monotonic relationships should necessarily
exist between the various parameters of the model and the size of the impact of
moral hazard on the likelihood of existence of a pure strategy equilibrium.
However, some general properties of the model can be established from the
numerical simulations. First, for many specifications, the impact of moral hazard
seems to be rather small, altering the chance of an equilibrium existing by only a
few percentage points. On the other hand, there are some parameterisations that
yield large percentage changes in the critical value of l when moral hazard is
introduced, in both the positive and negative directions.

The results suggest that the impact of moral hazard on equilibrium existence is
likely to be positive when the bad state is not too bad (i.e., when u is relativelyb

low), at least for those cases in which individuals are not too risk averse. Table 1
also suggests that ex post moral hazard appears more likely to increase the chance
of equilibrium existence when the elasticity of demand for the good whose price is
uncertain (i.e., health) is lower. Thus, not only are the distortionary costs due to
incomplete insurance smaller when demand elasticities are smaller, it seems that
the market is also relatively less likely to fail, in the RSW sense, in such situations.

In addition, the impact is likely to be positive when the two risk types have
significantly different probability distributions over the two states (i.e., when p ish

sufficiently greater than p ). This second property is illustrated further in Table 2,l

which presents percentage changes in the critical value of l as the ratio of the
probability of being in the bad state for good and bad risks varies. In particular, pl

Table 2
Effect of the divergence of risks on the impact of moral hazard on the likelihood of equilibrium

p p % Change in l*l h

0.02 0.98 75.0
0.05 0.95 9.0
0.10 0.90 16.5
0.15 0.85 7.3
0.20 0.80 5.9
0.25 0.75 0.3
0.30 0.70 28.0
0.35 0.65 222.8
0.40 0.60 248.4
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16varies from 0.02 to 0.4, while p is set equal to (1 2 p ). The simulations areh l

reported for ´ 5 0.1, u 5 0.1, u 5 1.8, and j 5 8.h g b

6. Concluding remarks

This paper has begun an investigation of the existence of pure strategy equilibria
in insurance markets under conditions of ex ante adverse selection and ex post
hidden information moral hazard. Since the work of Rothschild and Stiglitz, and
Wilson, it has been well known that the first type of information asymmetry can
lead to badly functioning markets, in the sense that a pure strategy equilibrium
may fail to exist. The inclusion of the second information asymmetry is
particularly motivated by the common concern amongst health economists and
policy makers that the existence of fee-for-service health insurance leads to
overspending on health care. The model shows that under plausible assumptions,
the introduction of this further information asymmetry can have the surprising
effect of increasing the likelihood that the insurance market will work well, in the
sense that an equilibrium will exist.

This result is both theoretically interesting and of relevance to the policy debate.
The idea that more information is not always better is not new, particularly when
the additional information is held asymmetrically amongst agents. In fact, the
original RSW model is a case in point: when neither individuals nor insurance
companies know risk attributes, an equilibrium will always exist, but when
individuals know their own risk types, the market can break down. However, this
paper has shown that, for some parameterisations at least, making some
asymmetrically held information public (i.e., removing ex post moral hazard by
making the state of the world observable) may well make matters worse.

On the policy side, the result suggests that US-style Health Maintenance
Organizations could have ambiguous effects on the health insurance market. If an
HMO market exhibited an equilibrium, the absence of (or at least reduction in) ex
post moral hazard due to the amalgamation of insurance and medical services may
well increase aggregate welfare (assuming that there are no other negative effects
of HMOs, e.g., related to the quality of services). However, if the growth of HMOs
led to poorly functioning insurance markets with many people uninsured, then the
welfare implications could be less benign.

As mentioned in Section 1, comparison of two institutional arrangements with
different equilibrium existence properties is subject to questions of interpretation.
A more complete model would ideally admit the possibility of a mixed equilib-
rium, in which both HMO and fee-for-service insurance contracts coexist. While
there is a widespread belief that risk selection in the US may well be affected

16Of course, there is no reason that p 1 p should be constrained to equal unity. This is just al h

convenient parameterisation.
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through choice of organizational form (i.e., with lower risk individuals opting for
HMO coverage), such an interpretation relies on quality differences between the
two forms. In this paper I have assumed the only difference between them to be
one of information, so a more elaborate extension to a model admitting mixed
equilibria awaits future research.
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Appendix A

˜Proof of Lemma 1. (⇐) Suppose c*(u ,w 2 t ) # c (t ,t ). It is first necessary tob b 1 g b

check that it is unprofitable for individuals in the good state to choose the
*expenditure-transfer pair designed for those in the bad state. But, if c ;b

˜c*(u ,w 2 t ) # c (t ,t ), thenb b 1 g b

* * *n(q ,t ,u ) 5 u(c ,[w 2 t 2 c ] /u )b b g b b b g

˜ ˜# u(c ,[w 2 t 2 c ] /u )1 b 1 g

*5 n(q ,t ,u ).g g g

*To check that individuals in the bad state do not choose the (q ,t ) contract, letg g

B(s,s9) be the budget set of an individual in state s who chooses a contract with
* *transfer t . I show that n(q ,t ,u ) $ n(q ,t ,u ). Since t $ t , B(b,g) 7 B(b,b),s9 b b b g g b g b

*and since q maximises utility subject to the constraint B(b,b), the inequality mustb

hold.
*( ⇒ ) Proceed in a contrapositive fashion. Suppose that c ; c*(u ,w 2 t ) .b b b

˜ ˜* *c (t ,t ). Then by the elasticity assumption, c , c*(u ,w 2 t ) # c , so c [1 g b b g b 2 b

˜ ˜(c ,c ). But then1 2

* * *n(q ,t ,u ) 5 u(c ,[w 2 t 2 c ] /u )b b g b b b g

˜ ˜. u(c ,[w 2 t 2 c ] /u )1 b 1 g

*5 n(q ,t ,u )g g g

so the efficient allocation is not incentive compatible for individuals in the good
state. h
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* *Proof of Lemma 2. Suppose (t ,t ) is such that (q ,q ) is not incentiveg b g b

˜9compatible. Then, writing h 5 [w 2 t 2 c ] /u ,i b i g

˜ ˜9 9u(c ,h ) 5 u(c ,h ) (1)1 1 2 2

˜ ˜with c , c . The condition of the lemma says that as one moves down the budget1 2

line in the good state (i.e., as c increases), the change in utility from a proportional
˜ 9increase in h, holding c fixed, increases. Since for each i 5 1,2, h /h 5u /u ,i i g b

given (1), this implies that

˜ ˜˜ ˜u(c ,h ) . u(c ,h )1 1 2 2

˜*as required. Thus (q ,q ) 5 (q (t ),[w 2 t 2 c ]) is the allocation that is incentiveg b g g b 1

compatible for individuals in the good state and that provides maximal utility for
individuals in both states. h

Proof of Lemma 3. First show that the condition of Lemma 2 is satisfied. Indeed,

d m 2 c ≠u m 2 c d m 2 c m 2 c
] ]] ] ]] ] ]] ]]FS D Sc, DG5 FS Dz 9S DGdc u ≠h u dc u u

z 9((m 2 c) /u ) m 2 c z 0((m 2 c) /u )
]]]] ]] ]]]]5 2 2S D

u u u

1
]5 2 hz 0(h) 1 z 9(h)f g
u

. 0.

Thus, the allocation is incentive compatible for individuals in the good state.
Next, the allocation is incentive compatible for individuals in the bad state if

and only if

˜˜ * *n(q ,t ,u ) 5 c 1 z(h ) . c 1 z (m 2 c ) /u 5 n(q ,t ,u ).s db b b 1 1 g g g b g g b

˜ ˜* * *Recalling the fact that c 1 z (m 2 c ) /u 5 c 1 z (m 2 c ) /u , so that c 2s ds dg g g g 1 b 1 g g

˜ ˜ *c 5 z (m 2 c ) /u 2 z (m 2 c ) /u , incentive compatibility for those in the bads d s d1 b 1 g g g g

state is equivalent to

˜ ˜* *z (m 2 c ) /u 2 z (m 2 c ) /u . z (m 2 c ) /u 2 z (m 2 c ) /us d s ds d s db 1 b g g b b 1 g g g g

or that z(x) 2 z( y) . z(ax) 2 z(ay) for x . y and a . 1. But this condition is
satisfied if and only if the function hz(h) is decreasing in h, which is equivalent to
the condition of the corollary. h

Proof of Lemma 4. By the elasticity assumption, at the initial transfer pair
˜ *(t ,t ) 5 (t ,t ), c*(u ,w 2 t ) , c*(u ,w 2 t ) 5 c (t ,t ), so q (t ,t ) 5 q (t ) andg b 0 0 b 0 g 0 1 0 0 g g b g 0

*q (t ,t ) 5 q (t ). Normality of consumption implies that ≠c*(u ,w 2 t ) /≠t , 0,b g b b 0 b b b

˜ ˜and c*(u ,w 2 t ) → ` as t → 2 `. Similarly, ≠c /≠t , 0 and ≠c /≠t . 0 jointlyb b b 1 g 1 b
ˆ˜imply that c → 0 as t → 2 `. By continuity, there exists a t (t ) . t , and an1 b g 0 0
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ˆ ˆ ˆ ˆimplied critical transfer pair ht (t ),t (t )j 5 ht (t ),t (t (t );V )j such thatg 0 b 0 g 0 b g 0 0
ˆ ˆ ˆ ˆ ˆ˜c*(u ,w 2 t (t )) 5 c (t (t ),t (t )) and V(t (t ),t (t )) 5V . hb b 0 1 g 0 b 0 g 0 b 0 0

Appendix B. An analytical example

nFor h . 0, let v(c,h) 5 c 1 z(h) 5 c 2 a /h , for some positive constant a. Given
u and u , letb g

1 / (n11)an
]h 5 and c 5h.S D] ] ]ub

(h is the amount of health that would be chosen by an individual with quasi-linear
] ]utility function v(.) facing a price of health u .) Also, define v 5 v(c,h), v 5c,b ] ] ] ]n ]˜and c(h) 5c 1 a /h . Finally, for (c,h) such that v(c,h) [ (v,v), define

] ]

c 2c c 2c
] ]]]] ]]a(c,h) 5 5 .nc̃(h) 2c a /h

]

Define five regions of the (c,h)-plane as follows:

A 5 h(c,h):v(c,h) ,v and h , cj
]]B 5 h(c,h):v(c,h) .vj

]C 5 h(c,h):v , v(c,h) ,v and h ,hj
] ]

D 5 h(c,h): c ,c and h . cj and
] ]E 5 h(c,h): v , v(c,h) ,v and h .hj

] ]

These are shown in Fig. 8. Then consider the indifference curves described by the
utility index

v(c,h) for (c,h) [ A < B < C
c for (c,h) [ DV(c,h) 5 .5 ]a(c,h)v 1 (1 2 a(c,h))v for (c,h) [ E

]

Thus, in regions A, B, and C, indifference curves are quasi-linear with respect to
consumption of the non-heath good. In region D additional health does not
increase utility unless it is accompanied by additional non-health consumption.
The utility index increases linearly in region E as non-health consumption
increases, holding the level of h fixed. It is straightforward to show that the
implied preference relation is continuous.
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Fig. 8. Preferences are quasi-linear in regions A, B, and C; they are independent of h in region D; in
region E they are linearly interpolated.

I assume that the cardinal utility function that incorporates the individual’s
attitudes towards risk is a monotonic increasing and strictly concave transforma-
tion, f(.), of the utility index V(c,h). Thus

u(c,h) 5 f(V(c,h)).

Also define the indirect utility function

v(u,m) 5max u(c,h) s.t. c 1uh # m.
c,h

I now characterise the full insurance and transition lines associated with these
preferences. The essential feature of this example is that the two lines intersect. I
examine two income ranges separately. First, for j 5 g or b, let m 5h(1 1u ).j j] ]
Then for all m ,m , demands in state j are Leontief. In fact, for all m #m , thej j g g] ]
equation of the transition line is m 5 t(m ) 5 1 1u /1 1u m — that is, givens db g b g g

income in the bad state, to be incentive compatible income in the good state must
be low enough that demands are identical across states.

When income in the good state satisfies m #m , the full insurance lineg g]
m 5 f(m ) satisfies m , f(m ) , t(m ). That is, the full insurance line liesb g g g g
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between the 458 line and the transition line. To see this, let d . 0, and for all
m ,m , let m 5 t(m ). Then v(u ,m 1 d ) 5 f [(m 1 d ) /(1 1u )] 5 f [m /(1 1g g b g g g g g g]
u ) 1 d /(1 1u )] and v(u ,m 1 d ) 5 f [m /(1 1u ) 1 d /(1 1u )]. Letting d → 0,g g b b g g b

this confirms that y (u ,m ) . y (u ,m ) along the transition line. As long asm g g m b b

y , 0 (as assumed), this implies that f(m ) , t(m ) as required.mm g g
] ]In region B of the plane, indifference curves are quasi-linear. Define m 5v 1b

n ]u h 1 a /h , so that for all m .m demand for health by an individual in the badb b b] ]
state is equal to h, in which case the transition line is given by m 5 t(m ) 5 m 1b g g]
t , where0

ub
]t 5 z(h(u )) 2 e 2 z h(u ) 2 e ,f g F S D G0 g g b bug

]where e is unconstrained health expenditure in state s. Thus, whenever m .m 2s g b

t , this is the equation of the transition line. Similarly, when indifference curves0

are quasi-linear, the full insurance line is m 5 f(m ) 5 m 1 f where f 5b g g 0 0
]z(h(u )) 2 e 2 z(h(u )) 2 e ; s 2 s . t , as long as m .m . Combiningf gf gg g b b g b 0 b b

]these conditions, we observe that for m .m 2 f , we haveg b 0

f(m ) 5 m 1 f . m 1 t 5 t(m ).g g 0 g 0 g

]It just remains to confirm that m ,m 2 f . But this is equivalent to m 1 s ,g b 0 g g] ]] ]m 1 s , and the left hand side is v and the right hand side is v. Thus,b b ] ]t(m ) . f(m ) for m ,m and t(m ) , f(m ) for m .m 2 f . Both t(.) andg g g g g g g g 0]
f(.) are continuous functions, so D(m ) 5 t(m ) 2 f(m ) is also continuous, withg g g

] ]ˆD(m ) . 0 and D(m 2 f ) , 0. Therefore, there exists m [ (m ,m 2 f ) suchg g 0 g g g 0] ]
ˆ ˆ ˆthat D(m ) 5 0, or t(m ) 5 f(m ).g g g

Now, suppose that a high risk individual with preferences as above has money
income m such that she is fully insured at actuarially fair rates at (m ,m ) 50 g b

ˆ ˆ ˆ ˆ(m ,m ) where m 5 t(m ). That is,g b b g

ˆ ˆarg max p y(u ,m ) 1 (1 2 p )y(u ,m ) 5 (m ,m ).h b b h g g g b
m ,mb g

Fig. 7 in the text plots the transition and full insurance lines for this case.
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