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In this paper, I provide a selective survey of the literature on the social welfare implica-
tions of regulations that restrict insurers’ use of classification by personal characteristics.
I refer to this practice as regulatory adverse selection. To differentiate this survey
from earlier ones, I focus on directly addressing the question “What can canonical
models of insurance tell us about policy effects of restrictions on risk classification?”
Rather than only focus on efficiency properties of such regulations, I adopt an
explicit welfare function approach of the sort inspired by Harsanyi’s veil of ignorance.
This allows for an explicit trade-off concerning the equity and efficiency effects of
regulatory adverse selection. Also, I pay more attention than do earlier surveys to the
possibility of pooling equilibria under nonexclusivity of provision and additional
considerations that specifically affect the life insurance market. I derive some explicit
conditions that determine when such regulations are either welfare enhancing or
detrimental.

The Geneva Papers (2006) 31, 245-269. doi:10.1057 /palgrave.gpp.2510079

Keywords: social welfare; risk classification; adverse selection; privacy

Introduction

For the joint Seminar of the European Association of Law and Economics (EALE)
and the Geneva Association, I was asked to address the question of how to determine
the welfare effects of government restrictions on risk classification — a practice I will
refer to as regulatory adverse selection. As the other papers in this special issue
demonstrate, this is a very timely question given recent anti-discrimination legislation
in Europe and North America. There already exist some very good surveys on the
problem of adverse selection and risk classification.! However, from the policy
perspective, I do believe there are some angles that have not been fully explored. Most,
but not all, of the economics literature has considered welfare implications from the
perspective of the criterion of potential Pareto improvements. I have focused instead
on the question of whether commonly adopted government restrictions on insurers’
use of characteristics such as gender and genetic test results to risk-rate insurance
premiums directly reduce or increase social welfare.” To do this, I adopt an explicit

* Prepared for the 11th Joint Seminar of the European Association of Law and Economics (EALE) and the
Geneva Association (GA), June 2005, Berlin, Germany.
! For example, Rea (1992); Dionne et al. (2000); and Crocker and Snow (2000).
2 For interesting discussions of these issues, see, on genetic discrimination, the papers of Knoppers et al.
(2004); Lemmens (2000); MacDonald (2000), and, on gender discrimination, see Woodfield (1994, 2000).
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welfare function analysis as motivated by Harsanyi’s® veil of ignorance approach. This
allows for a direct comparison of the equity and efficiency implications of banning
specific variables from risk classification by insurers. Another gap in the literature that
I attempt to fill is due to the fact that the existing work on adverse selection and risk
classification mostly concerns the problems of self-selection through menus of
separating contacts that arise when insurers face adverse selection. This classic exercise
is a very valuable one and I do pay some attention to it. However, by also treating
cases in which pooling equilibria persist, rather than separating contracts, I can also
address scenarios in which exclusivity of provision in contracting does not apply, as in
the life insurance market.

The seminal contributions of Rothschild and Stiglitz* and Wilson® have provided
extremely useful models for guidance in arriving at sensible policy prescriptions as
have simple models of life and annuity insurance.® But as with all canonical models,
there are many additional real-world considerations not reflected in those models that
can alter matters dramatically. Nonetheless, I believe that some well-reasoned policy
conclusions can be drawn from insights gained from these and subsequent analyses at
least for some scenarios. This is done in the next section of this paper where it is
shown that the quantitative characteristics of the information effectively determines
whether regulatory adverse selection reduces or improves social welfare. In the
following section, I consider how policy prescriptions derived from the canonical
models of insurance markets under conditions of adverse selection need to be
reconsidered in light of the introduction of a series of real-world factors that are not
included in those models. These factors include dynamic or life cycle concerns that are
especially relevant for life and disability insurance and taste differences that are
especially relevant to health-care insurance. Introducing behavioural or moral hazard
effects is also very important for policy considerations. A summary of lessons learned
and further research required to sharpen our understanding of the policy perspectives
on the use of information to classify insureds is provided in the final section.’

Risk classification and welfare effects on insurance markets: the canonical
models

In this section, I will first be explicit about the welfare analysis to be adopted and then
look at the welfare implications of banning risk classification in the simple
Rothschild-Stiglitz—Wilson (RSW) model. This is followed by a consideration of
some other public policies including compulsory insurance and public provision.

3 Harsanyi (1953, 1955).

4 Rothschild and Stiglitz (1976).

5 Wilson (1977).

© For example, Abel (1986); Brugiavini (1993); Hoy and Polborn (2000) and Villeneuve (2000, 2003).

7 The importance of (asymmetric) information is, of course, important in all areas of economics, as
demonstrated by works such as Dréze (1960); Hirshleifer (1971); Mirlees (1971); Akerlof (1978); Arrow
(1978); Rothschild and Stiglitz (1997); Boadway (1997); and Stiglitz (2000). Of particular relevance to the
topic of this paper is the line of research typified by Rochet (1989); Cremer and Pestieau (1996); and
Boadway et al. (2004).
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Similar questions are addressed for a model of insurance better suited to
considerations of the life insurance market.

Description of social welfare approach

The social welfare approach here uses fully interpersonally comparable cardinal
utilities.® In the context of the models being considered in this paper, this approach can
be justified by Harsanyi’s” veil of ignorance argument. That is, society is assumed to be
a von Neumann—Morgenstern expected utility maximizer and this corresponds to
using a utilitarian social welfare function to compare alternative social states. The
justification is based on the notion that behind a (hypothetical) veil of ignorance, the
appropriate probability to assign to being any individual is simply 1/n, where 7 is the
number of individuals in society. Furthermore, if it turns out to be the case that
individuals in some early time of life (ex ante) do not have personal information about
their relative risk exposure, then the “hypothetical” veil of ignorance turns out to be
an actual veil of ignorance and so this objective function is the same as an
(uninformed) individual’s expected utility function. That is, maximization of
utilitarian social welfare turns out to be the same problem as maximizing an
individual’s ex ante utility (i.e., ex ante to revelation of person-specific information).
For this reason, I will refer to expected welfare rather than utilitarian welfare when
describing results.'°

While the above correspondence between Harsanyi’s notion of utilitarian social
welfare and expected utility maximization behind a veil of ignorance requires at least
that people have the same beliefs about states of the world, this does not mean that
everyone has the same probability distribution over his/her personal outcomes.'' In all
of the insurance models referred to in this paper, the above line of thought is not
problematic. Adoption of a social welfare function approach allows one to explicitly
consider equity-efficiency trade-offs. The analysis of how this trade-off is made in this
paper is made clearer by utilizing an important result due to Atkinson.'?

Theorem:'® Let F(x) and G(x) be two income distributions with equal means and let
L(k) and Lg(k) represent their respective Lorenz curves. Then for every function U(x)
that satisfies the properties U'(x) >0, U"(x)<0, we have

Lp(k)=Lg(k), Vk €0, 1] & / U(x)f(x)dx> / U(x)g(x)dx

8 Sen (1970, Theorem 1, pp. 10-18) demonstrates that distributional comparisons of utility vectors would
be essentially toothless without such strong measurability assumptions on the utility function.

® Harsanyi (1953, 1955).

' Doing so also helps avoid any confusion with the efficiency-based notion of welfare (i.e., that of a
potential Pareto improvement).

" For an analysis of breakdowns in the link between Harsanyi’s theorem and traditional utilitarianism
when individuals have different beliefs over states of the world, such as when some people are optimistic
or pessimistic relative to “true” beliefs, see Hylland and Zeckhauser (1979); Mongin (1995); Blackorby
et al. (2000) and Gilboa et al. (2004). See also Tabarrok (1994) for a contractarian analysis.

12 Atkinson (1970).

" Ibid.
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Note that if F(x) and G(x) represent possible income distributions for an individual
and we plot the associated Lorenz curves for these distributions, then the above
theorem tells us that the criterion of Lorenz dominance can also be used to check
whether an individual expected utility maximizer prefers income distribution F over G.

Welfare comparison of alternative information scenarios

Now consider the comparative welfare implications of various possible information
scenarios, including situations that arise due to regulation or public provision of insurance,
using the standard RSW model of insurance. A variety of equilibrium concepts, based on
alternative strategies by firms, have been developed since these seminal works.'* We focus
our attention on the so-called Rothschild-Stiglitz separating (no cross-subsidizing)
equilibrium and the Wilson anticipatory (E2) pooling equilibrium. Comparing these two
equilibria demonstrates how radically different one’s conclusions about policies on risk
classification will be according to the equilibrium concept that is assumed to be in force.

The basic model of Rothschild and Stiglitz'> considers two risk types (high or
H-types and low or L-types) that are distinguished by their different exogenously
determined probabilities of incurring some loss (py > p;) of amount d. In the case of
no financial loss, income is W, and so if no insurance is purchased state contingent
income (or wealth) levels are W =W, (the no loss state) and W,=Wy—d (the loss
state). The fraction of H-types in the population is represented by ¢y, while the
fraction of L-types is ¢;=1—¢x. In our context, the information may or may not be
intrinsically private. But even if it is not intrinsically private, regulations that prohibit
its use by insurers in rate-making (i.e., the case of regulatory adverse selection) mean
the asymmetric information model applies. If insurers are privy to risk-type
information and are allowed to use it (i.e., the case of full disclosure), then the
symmetric information model applies with each type receiving full insurance at the
risk-type-specific actuarially fair rate.'® Each person is charged his/her risk-type-
specific actuarially fair rate and so chooses full coverage insurance. In Figure 1 this is
demonstrated with each L-type receiving contract A and utility level U, ;, while each
H-type receives contract B and utility level Upy."”

With full insurance being purchased at the risk-type-specific actuarially fair rate,
income levels are state independent, but different of course for each risk type. Letting
u(.) denote an individual’s elementary von Neumann—Morgenstern utility function, we
can characterize these two contracts according to the following:

Contract A : Wr =W =Wy —prd — Uy = u(Wy — prd), (la)

ContractB: W, = W, = Wy — pgd — Uy = u(WO 7pHd). (1[))

!4 These include strategies in noncompetitive environments and multi-period frameworks. See the excellent
surveys by Dionne et al. (2000) and Crocker and Snow (2000).

'S Rothschild and Stiglitz (1976).

16 Asis typical in these models, administrative costs are assumed to be zero, insurers are assumed to be risk
neutral and the market is perfectly competitive.

17 For a detailed explanation of this graph, see Rothschild and Stiglitz (1976) or Dionne et al. (2000).
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Figure 1. Rothschild-Stiglitz separating equilibrium.

Thus, in the scenario of regulatory adverse selection, contract offers A for L-types and
B for H-types cannot be implemented at zero expected profits for firms since H-types
prefer contract A to B. Rothschild and Stiglitz'® show that for this scenario and
provided that the proportion of high-risk types exceeds some critical level, there is
a Nash equilibrium in pure strategies. The equilibrium involves firms offering a menu
of contracts (two in this case). One contract involves full-coverage insurance at the
H-type actuarially fair rate (contract B in Figure 1), while the other involves partial-
coverage insurance at the L-type actuarially fair rate (contract C in Figure 1), with
each type selecting the contract ““designed’ for him/her. Note that in Figure 1, the
utility level for each H-type (L-type) is indicated by the indifference curve Uy (Uyo),
respectively. Contract C that is purchased by the L-types is characterized by unit price
p1, but involves only partial coverage. In fact, the coverage level is that fraction r*
(S for separating contract) such that the H-types are just indifferent between contract
C ““designed” for L-types and contract B “designed” for H-types. Thus, we can
characterize contract C according to:

ContractC : W, = W) —erSd, Wy = W —erSd —d+r%d
— UL2 = (l —pL)M( W() —pL}"Sd) +pLu( Wo _erSd — d + Vsd) (2)

Thus, in this scenario, a regulation that creates private information will lead to L-types
receiving less insurance coverage than they would under full disclosure. Since H-types

18 See note 17.
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do not gain any utility from the ban, the efficiency implications clearly favour no
regulation. Moreover, there is no favourable redistribution resulting from regulation
and so economic arguments unambiguously support that no regulation banning the
use of classification be implemented.'’

A second important implication of the Rothschild-Stiglitz model is that if the
proportion of H-types in the market falls below some critical level, then there is no
pure strategy Nash equilibrium. In Figure 1, if the proportion of H-types is high
enough that the actuarially fair pooled odds line lies below the indifference curve
for L-types that passes through the separating contract C, such as line EPy, then the
separating pair of contracts {B,C} will represent the pure strategy Nash equilibrium,
and will also be the Wilson foresight (E2) equilibrium. However, if the fraction
of high-risk types in the population is small enough that the pooling line cuts
the indifference curve Uy,, as does EP» in Figure 1, then there will be actuarially fair
pooling contracts that the L-types prefer to contract C (i.e., any contract on the line
EP, that is on a higher indifference curve than Uj;,). This scenario is repeated in
Figure 2. Note in particular that of all the possible pooling contracts that
would generate zero expected profits for firms, contract D in Figure 2 is most
preferred by low-risk types and so seems a ‘“‘natural possibility” for an equilibrium.
However, this scenario leads to the famous nonexistence result of Rothschild—Stiglitz.
Although details are left out here, the nonexistence of a pure strategy Nash
equilibrium occurs in this situation because firms are induced to make ‘“‘unsettling”
contract offers (relative to contract D) that, once other firms react to avoid making
expected losses due to such “‘unsettling’ offers (i.e., by withdrawing contract D), the
unsettling offer(s) would also make expected losses. Wilson>® explored the possibility
of firms anticipating such a “‘market dynamic” and avoiding making such unsettling
offers that earn expected losses once other firms react accordingly in the first
place. Under this non-Nash (nonmyopic) foresight equilibrium concept, rather than
nonexistence of equilibrium in the case of a relatively small fraction of H-types in the
population, the outcome of the market is a pooling contract in which both risk
types purchase the contract that is actuarially fair in a pooled sense. With this
foresight assumption, contract D in Figure 2 does in fact become the equilibrium,
which is referred to as the Wilson E2 equilibrium.?' Since the level of coverage offered
in contact D is the amount L-types most prefer when insurance is priced at the
pooled actuarially fair rate and since this rate is greater than the L-types risk-
type-specific actuarially fair rate, they prefer less than full coverage. Formally,
contract D is described below, where py =qupy+qrpr is the average loss

19 Since the utilitarian welfare function satisfies the Pareto principle and asymmetric information in this
case creates a Pareto-worsening of the distribution of utilities, social welfare is reduced by regulation that
bans risk classification.

20 Wilson (1977).

21 Wilson’s pooling equilibrium allows for cross-subsidization between risk types, but requires that each
contract offered earns non-negative expected profits. Miyazaki (1977) and Spence (1978) extend this
concept to allow for firms to offer sets of contracts, some of which generate negative expected profits, as
long as together they earn non-negative expected profits. For a more elaborate discussion, see Hoy (1982)
and Dionne et al. (2000) — contract C; being the Wilson E2 equilibrium in Figure 4a in the latter.



Michael Hoy
Risk Classification and Social Welfare

251

W»

W, =W,

Figure 2. Wilson anticipatory (E2) pooling equilibrium.

probability in the population:
ContractD : Ui =(1 — p))u(Wo — r'pad) + pu(Wo —r'pad +r'd —d), i=H,L
(3)
where r*=argmax {V(r)=(1—pu(Wo—rpd)+ p u(Wo—rp 4d + rd—d)}.

In the Wilson E2 equilibrium, H-types do receive higher utility than in the full
information setting, although L-types prefer the full information contract (A), so
regulatory adverse selection creates winners and losers. One can also see that there is
an efficiency cost associated with this pooling equilibrium that is not present when the
full information contracts persist since with contract D not all risk is transferred from
risk-averse consumers to risk-neutral firms. This sets up the possibility that
introducing lump sum taxes and subsidies to deal with the adverse distributional
effects of the symmetric information outcome may lead to a first-best outcome that
Pareto dominates the Wilson pooling equilibrium. I return to this issue later in the
paper, but for now I compare the two equilibria directly using the expected welfare
framework and consider conditions under which we might expect one or the other to
generate higher welfare. From the earlier discussion relating welfare to the expected
utility of a person behind the veil of ignorance from which a person does not know his/
her risk type, the welfare comparison hinges on whether the premium risk associated
with the wedge in the cost of insurance (i.e., (py—p;)d) is of greater or lesser
importance than the risk-bearing cost associated with less than full insurance (i.c., due
to r*<1). Assuming risk type is independent of income, the direction of redistribution
resulting from a switch from the full information contracts (A, B in Figure 1 or 2) to
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the Wilson pooling contract (D) is in the “correct” direction in a welfare targeting
sense. That is, the individuals with lower utility (i.e., the H-types) benefit at the cost of
the individuals with higher utility (i.e., the L-types). Moreover, the L-types have higher
income net of their insurance premiums under the full information scenario than do H-
types. Thus, a ban on genetic information essentially transfers purchasing power from
individuals with lower marginal utility of net income (L-types) to those with higher
marginal utility (H-types). Therefore, expected welfare may be enhanced by banning
risk classification.

However, it is also possible that such a regulation may lead to a worsening of
welfare. Thus, it is important to determine under what scenarios which result will
follow, and the simplest way to compare these is to consider the relative positions of
the Lorenz curves for the various distributions of income (net of insurance premiums)
that are induced by the various contracts. Note that utilitarian welfare comparisons of
these contracts also correspond to expected utility comparisons from the point of view
of a person who does not know what risk type he/she will be but does know that, once
risk type is revealed to individuals, adverse selection will occur if insurers are not
allowed to use this information for rate-making purposes.

The Lorenz curve traces out the percentage of total income of the population earned
by the k% poorest (those with least income) as k ranges from 0 to 100 (although
generally it is recorded as the fraction 0 to 1). If all individuals receive the same income
level, then the Lorenz curve is the 45° line as noted in Figure 3 (perfect equality). A
useful property of the Lorenz curve is that its slope at a given position ky is equal to
the level of the income of the person at that point in the distribution (i.e., the koth
poorest person’s income) divided by mean income for the population. Since pricing is
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Figure 3. Lorenz curve analysis of risk classification.
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always actuarially fair, mean income of the population is always Wy—p 4d. Thus, it is
easy to draw the Lorenz curve induced if contracts A and B are offered (i.e., the
symmetric information case). Fraction ¢y are high risks and receive net income
Wo—pud, while fraction ¢; are low risks and receive net income Wy—p;d, where
Wo—pud< Wy—prd. The relevant Lorenz curve in Figure 3 is labelled AB.

Now suppose that, due to regulation banning the use of risk-rating, conditions of
asymmetric information apply and the fraction of high-risk types in the population is
sufficiently high that the separating contracts apply (i.e., L-types receive only partial
coverage as described by contract C, while H-types continue to receive contract B). It
follows that L-types who incur a loss receive less income than do H-types who, with
contract B, receive the same income regardless of their loss state since they are fully
covered by insurance. Thus, the first segment of the Lorenz curve reflects those L-
types who incur a loss and these individuals make up ¢;p; of the population. The next
poorest group of individuals are the H-types and the Lorenz curve for this group rises
at the same rate as for the first segment of the AB Lorenz curve. The final (richest)
group are the L-types who do not incur a loss, representing ¢;(1—p;) of the
population, and their incomes are higher than under contract A since they do not incur
a loss and spend less money on insurance by purchasing only partial coverage. Thus,
the last segment of the Lorenz curve in this scenario, labelled CA, rises at a rate that
exceeds the last segment for AB. However, every Lorenz curve ends up at the upper
right-hand corner (by definition) and so the Lorenz curve induced by asymmetric
information under the separating contracts will be everywhere below that for the one
induced by the symmetric information scenario. From this it is clear that expected
welfare is higher under symmetric information, although this result is rather obvious
from the description of the contracts.

Now consider the Lorenz curve induced by asymmetric information for the scenario
in which the fraction of high risks is not sufficiently high to support the separating
contracts of A and B as a Nash equilibrium. Under the assumption of Wilson foresight
(E2 equilibrium), the outcome is a single pooling contract described by contract D in
Figure 2. So income varies only as a result of whether one incurs a loss and not by risk
type. Let W(r*) and W,(r*) represent the income levels attained by individuals from
contract D in the no-loss and loss states, respectively. The fraction of the population
that incurs a loss is ggpy+qrp;r and these individuals receive net income
Wo(r*)=Wo—r*p d—(1—r*)d, while the rest do not incur a loss and receive income
W\(r*)=Wy—r*p 4d where, of course, W,(r*)< W (r*) for 0<r*<1. So if r*=1, it
follows that the Lorenz curve would lie on the line of complete equality and so
dominate the Lorenz curve for symmetric information. However, except in the case of
infinite risk aversion, r* will be less than one and so the strong inequality for net
income will apply (i.e., WH(r*) < W;(r*)), and so the first segment of the Lorenz curve,
induced by contract D will rise at a rate less than one according to the income levels of
individuals who do incur a loss. This group is fraction ¢;p; + ggp of the population.
The remaining individuals do not incur a loss and receive income
Wo—r*p4d> Wo—pd> Wo—r*p d—(1—r*)d. If r* is sufficiently high, the poorest
group under contract D receive more income than do the poorest group, who are the
H-types, in the symmetric information scenario (i.e., W,(r*) > Wy—pgd or r* > (1—ppy)/
(1—p,)) and the result will be that the first segment of the Lorenz curve will dominate
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under a regulation banning the use of private information. Moreover, for r*
sufficiently close to 1 there will be overall Lorenz dominance. This case is illustrated in
Figure 3 and reflects the possibility that a regulation that does not allow firms to use
risk-rating can improve social welfare and would be preferred ex ante by persons who
do not yet know their eventual risk type. Alternatively, of course, if r* is sufficiently
small, the reverse Lorenz ordering would apply.

Three reservations about the above possibility need to be emphasized. Firstly, the
above analysis does not allow for ex post redistribution for the separating contracts
available under symmetric information and so does not imply that contract D would
be welfare superior to contracts A and B when tax/subsidy between contracts is
considered. The result of Crocker and Snow,?? that more information for insurers
about their clients risk type always improves the efficiency frontier (i.e., leads to a
potential Pareto improvement) as long as the information can be gathered costlessly
and insureds are assumed already to know their respective risk types, still applies here.
Second, a regulation requiring full coverage to be purchased at the pooled actuarially
fair rate would in fact generate a Lorenz curve that lies precisely on the line of
complete equality and so would generate the highest possible welfare that is feasible.
Third, r* may of course be sufficiently less than one so that the symmetric information
scenario (contracts A and B) leads to Lorenz dominance over the asymmetric
information scenario (contract D). We expand upon the third issue below.

The value of r* depends on all parameters of the problem including p 4, and so one
must be careful in using the inequality r*>(1—pg)/(1—p,) to intuitively demarcate
those cases in which regulatory adverse selection is likely to be welfare enhancing.
Also, suppose the above condition on r* is satisfied but that the Lorenz curve for D,
although starting above that for AB, intersects it at some point. In this case, the
Lorenz ordering is ambiguous, although we can at least say that D provides greater
equality among the poorest in the population.”® Thus, knowing the relative values
Wy(*) and Wy—pgyd in combination with the relative sizes of the population
parameters {p;, pm, qr, qu} can provide substantial guidance in knowing whether
regulatory adverse selection improves or worsens expected welfare. It is also useful to
carry out certain comparative statics exercises, as developed below.

In order to understand better the circumstances under which we expect the Lorenz
curves to be configured as in Figure 3, it is useful to compare explicitly ex ante
expected utility for the two information scenarios. First, consider the expressions for
ex ante utility or expected welfare under each scenario. Under symmetric information
contracts A and B apply and so upon substituting for ¢;=1—¢g, we obtain ex ante
expected utility or expected welfare under full disclosure equal to

EUY = (1 = qu)u(Wo — prd) + quu(Wo — prd) “)

Note that under contract D (asymmetric information with pooling) income in the bad
state is less than income in the good state, but income is independent of risk type. The

22 Crocker and Snow (1986).

2 If the Lorenz curve for D cuts that for AB once from above, one may be able to appeal to the principle of
diminishing transfers (see Shorrocks and Foster, 1987; Davies and Hoy, 1994), which can sometimes
refine the Lorenz ordering in such cases in favour of curve D.
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probability of being in the bad state is p for H-types and p; for L-types, and since the
ex ante probabilities of being each of these types is ¢z and ¢, respectively, this leads to
an ex ante probability of being in the loss state equal to p=qup+ qrpr. Thus, the ex
ante probability of being in the no-loss state is (1—p ) and ex ante expected utility or
expected welfare from contract D (i.e., under regulatory adverse selection with a
pooling outcome) is

EUD = (] —pA)u(Wo — I‘*pAd) —l—pAu(Wo — V*pAd — (1 - l’*)d), (5)

where r* is the value of r that maximizes the L-types utility given the various parameters
involved. There is a critical value of ¢, call it g%, possibly small but positive, such that
for any gy <q%y ex ante expected utility or expected welfare is unambiguously higher
under asymmetric information (contract D) than under symmetric information
(contracts A and B). This result is stated below. The proof is provided in Appendix A.>*

Proposition 1: There exists some q& >0, possibly small, such that for any qu<qy, it
follows that EUP > EU®.

Proposition 1 indicates that at least for populations where the fraction of high-risk
types is sufficiently small, regulatory adverse selection under a pooling contract will
generate higher expected welfare than full disclosure (i.e., symmetric information). The
intuition for this result can be understood from the following thought experiment.
Suppose we begin from a position with ¢5=0 (i.e., there are no high-risk types in the
population) and allow gz to increase « little, call this amount Agy, which implies an
equivalent reduction in ¢;. In the pooling contract, due to the envelope theorem, the
effect on the coverage level (r*) is of second-order importance. This follows because at
qn=0, the unit price p 4 is the same as the actuarially fair price for low-risk types (p;)
and, since r* is chosen so that expected utility of the low-risk type is maximized, we
have r*=1 at ¢u=0 (and also dEU”/dr=dV,(r)/dr=0). Thus, since income is
effectively the same in both states of the world, the impact of an increase of Agy
when ¢;=0 is that the effect on expected utility under pooling is just the effect of an
increase in the cost of insurance of amount Agy(py—p;)d evaluated at the marginal
utility associated with income level W=W,—p;d. On the other hand, the effect of an
increase in ¢y under symmetric information (contracts A and B) is to generate a lottery
that shifts the probability weight by amount Agy from income level W=Wy—p;d to
income level W=W,—pgd. This implies a reduction in expected income of the same
amount Agg(py—pr)d, which is the same as under asymmetric information (contract
D). But the marginal utility weighting for this income change shifts by a discrete
amount according to the reduction in income levels from Wy—p;d to Wo—pgd and so
the cost of the increase in ¢ in this case is evaluated at the marginal utility associated
with income level Wy—pyd, which is less by a discrete (noninfinitesimal) amount
relative to Wy—p;d (i.e., the cost of Agy >0 is evaluated at a higher marginal utility
level in the symmetric information scenario).

24 This proof follows a similar strategy, and generates a similar result, as that for a model of life insurance
in Proposition 5 of Polborn et al. (2006).
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Of course, it is not clear a priori just how small qm must be for asymmetric
information (regulatory adverse selection) to generate higher expected welfare than the
full information contracts. However, the result does suggest at least that regulatory
adverse selection is more likely to be welfare enhancing in situations where the fraction
of the population that is high risk is relatively small. An example of such a scenario in
which banning information by insurers is currently hotly debated is that of genetic test
results. Since relatively few people have significant information resulting from genetic
tests, banning their use by insurers may indeed be a candidate for welfare improving
regulation. Alternatively, banning gender as a rating tool for life insurance or annuities
may well not be advisable since in that case g5 ~0.5. In any case, the ambiguity over
whether equilibrium under asymmetric or symmetric information generates higher
expected welfare requires a case-by-case analysis as argued and carried out for some
specific examples in Hoy er al.,>> Hoy and Ruse*® and Hoy and Witt.?” A further
theoretical result which supports the above intuition is developed below.

Notice that any combination of changes to the parameters p; and ¢ that leaves p 4
unchanged will leave r* unchanged and so EU” unchanged as well. Therefore, if we
find that changing pz and ¢z simultaneously such that p 4 is unchanged has a definitive
effect on EU“%, then we can ascertain further some of the types of scenarios that are
more likely to lead to asymmetric information (regulatory adverse selection) being
preferable to the outcomes (contracts A and B) that occur under symmetric
information, and vice versa of course. It turns out that a decrease in ¢z accompanied
by a complementary increase in py that leaves p , unchanged (i.e., keeping ¢ zp =k for
some constant k) will reduce EU*# while leaving EU” constant. This result is stated
formally with proof provided in the appendix.

Proposition 2: Any increase in py that is accompanied by a decrease in qg such that
puqn remains constant will reduce EU® while having no effect on EU.

Note that this proposition is complementary to Proposition 1 since again lower values
of g, in this case accompanied by higher values of py, will lead to the asymmetric
information contracts becoming relatively more favourable compared to the
symmetric information contracts. Thus, if one were to establish some set of parameter
values that lead to higher welfare being generated by the asymmetric information
contract D than the symmetric information contracts of A and B, then changes in py
and gz as noted in Proposition 2 will enhance that relationship.

So, let us take stock of what the analysis thus far can tell us about when a
government restriction on insurers using categorical information to risk-rate insurance
contracts will lead to higher expected welfare compared to a full disclosure law. We see
that if the proportion of high-risk types exceeds that which supports the separating
contracts (B and C) of Rothschild and Stiglitz as a Nash equilibrium, then it is
clear that the full information scenario (contracts B and A) delivers higher expected
welfare, and so government should not induce regulatory adverse selection by bans on

% Hoy et al. (2003).
26 Hoy and Ruse (2005).
2T Hoy and Witt (2005).
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risk-rating. However, if the proportion of high-risk types is below this threshold, then
no clear-cut ranking is evident a priori and one has to consider each case on its own
merits. We do know, however, that if ¢ is “sufficiently small”’, expected welfare will
be enhanced by regulations that induce adverse selection. Of course, in general the
result depends on the entire set of parameters. Given a set of parameters and a value of
r* (i.e., coverage level under pooling), one can trace out the relevant Lorenz curves to
get some idea of the welfare comparison. It is important to restate that such
conclusions rely on the Wilson foresight equilibrium concept reflecting a reasonable
description of the insurance market. If one does one’s analysis with a description of
firm behaviour that supports the Rothschild-Stiglitz separating pair of contracts
(B and C) as a description of equilibrium even when the fraction of high-risk types
is “small”, such as the anticipatory equilibrium concept of Riley,?® then of course
one will have a very different view of policy advice and always suggest full disclosure
of information as a welfare-enhancing policy.

Another important caveat to the above results is that I have not considered tax/
subsidy policies as an alternative. Crocker and Snow®’ show that a social planner can
always achieve a potential Pareto improvement (i.e., extend the Pareto frontier) by
using any costless categorical information to construct a set of contracts that obey self-
selection constraints and also generate zero expected profits. The resulting contracts in
their case are the same as those described by Miyazaki®® and Spence.>' Their result
applies to imperfect information about risk class membership as well as to perfect
information.>* Interestingly, governments have been willing to regulate firms by not
allowing them to use relevant information for risk-rating, but I know of no examples
of tax/subsidy policies of the Crocker—Snow variety for dealing with the distributional
problems of premium risk while allowing firms to make full use of risk-rating. One
reason for this may be that it is not a trivial exercise for governments to determine the
appropriate tax/subsidy parameters. This may especially be the case when information
about the relevant parameters changes over time, as is likely in cases such as the
development of genetic information. The advantage of banning classification, at least
for some range of parameter values, is that such a regulation can be expected to
increase expected welfare without having to know with too much precision how these
parameters are changing over time. Alternatively, the fact that governments have
eschewed tax/subsidy policies of the Crocker—Snow variety in favour of banning certain
types of categorical information may simply be an example of government failure.

An alternative government policy, that of full compulsory insurance with each
person paying the population weighted average actuarially fair price (p4), will lead to

28 Riley (1979, 1983).

2 Crocker and Snow (1986).

30 Miyazaki (1977).

31 Spence (1978).

32 Crocker and Snow (1985) also show that in scenarios where a Nash equilibrium does not exist, a tax-
subsidy system applied to firms’ contract offers, based only on the price of the contract, may lead to
existence of a Nash equilibrium and be welfare enhancing. The tax-subsidy system entails redistribution
from low risks to high risks and so also is in the “appropriate” direction (i.e., increases utilitarian social
welfare).
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the highest feasible level of utilitarian welfare regardless of equilibrium concept
adopted or set of market parameters considered. This contract is F in Figure 4.
Although this is the first-best policy for the Rothschild—Stiglitz model, the real world is
obviously more complicated and so a policy that restricts individual choice as much as
would compulsory insurance regulation may not be suitable in a real-world setting
while the insight gained from price regulation applied to such a simple model may still
be warranted.>® Nonetheless, the welfare-enhancing implications of compulsory,
publicly provided health insurance as a means of averting adverse selection costs may
well explain much of the popularity of such schemes. Besides the equity-enhancing
implications of not charging individual prices based on observed variables related to
health risk, such programs are often financed through progressive taxes that further
enhance equity.* On the other hand, people may have different preferences over
health-care packages and related costs of insurance and so choosing an appropriate,
fixed level or type of health insurance to be made compulsory is not a trivial exercise.
This may explain why public health insurance plans often leave certain types of
medical treatments (such as physiotherapy and drugs) for the private market to
cover.®® These sorts of complications may explain the preference of governments for
adopting price regulation to enhance equity rather than simply taking over private
insurance markets.

Extensions to the basic model

Up to this point, I have taken for granted that insurers can offer exclusive contracts
and so offering a menu of contracts with differing levels of coverage at different unit
prices can be an effective way of selecting different risk types. Such models are
appropriate in the context where the insurable loss is of a fixed and identifiable size
(e.g., the value of an automobile or cost of health treatments). In considering life
insurance, however, there is no obvious objective and observable value for loss of life.
If, at a given price, one individual wishes to purchase more life insurance coverage
than another, this does not necessarily signal that the higher demand person has higher
mortality risk. Moreover, life insurance needs of people are likely to vary over their
lifetimes, so individuals will be reticent to agree to buy all present and future life
insurance needs from a single provider since that would give the firm future monopoly
power over the individual. Thus, it is perhaps not surprising that life insurance
providers tend not to follow a policy of exclusivity of coverage, and so nonlinear
pricing as a means of dealing with adverse selection is not viable.>® Cawley and

33 This point is made more clearly when the linear pricing model of the life insurance market, with different
demand types, is discussed later in this section. In such a model, there is no obvious quantity of insurance
that a person will want to buy.

3 See Davies and Hoy (2003) and Wagstaff er al. (1999).

35 See Dahlby (1981) for a model on the effects of combining compulsory, publicly provided insurance with
supplementary private insurance.

36 Pauly er al. (2003, p. 4) note that term life insurance providers do not seek information about total life
insurance holdings of their clients and so do not try to induce different risk types to self-select contracts
based on a price-quantity constrained menu of contracts.
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Wiy

Figure 4. Illustration of effects of compulsory full insurance.

Philipson®” even find modest quantity discounts rather than convex price schedules in
the life insurance market. Such a pricing policy quite possibly reflects some
administrative costs that are fixed for any sized contract (i.e., independent of level
of coverage chosen). Moreover, it is quite possible that presently there is not a
significant amount of hidden information in the life insurance market, although this
would certainly not be the case in the presence of regulations that restrict the use of
risk classification in setting prices.

So, we need to consider what differences arise in policy prescriptions in an insurance
market where linear pricing occurs. First, we explore the implications of linear pricing
for a model with the same basic assumptions as the Rothschild—Stiglitz model. If we
impose linear pricing on such a model, then the contracts offered under symmetric
information continue to be contracts A and B. Each risk type faces a linear price
implying constraint EL for low-risk types and EH for high-risk types with the result
that L-types choose contract A and H-types choose contract B just as in Figure 1 (see
Figure 5). Suppose insurers are not allowed to charge different prices for different risk
types and cannot observe the quantities that insureds purchase. The separating pair
of contracts B and C in Figure 1 will no longer lead to effective self-selection since
H-types will simply purchase several policies of type C and so such contracts will
generate expected losses. So consider what would happen if insurers offered insurance
coverage at the pooled fair odds price (EP in Figure 5) with no quantity restriction.
Suppose L-types prefer to purchase some positive quantity along this price line, as
indicated by contract L, in Figure 5, rather than no insurance at all (point E). At this
price, H-types will want to purchase a greater amount of insurance than L-types, as

37 Cawley and Philipson (1999).
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Figure 5. Contract design under nonexclusivity.

indicated by contract H,. The result would be that insurers earn an expected loss since
the expected cost of these contracts is not the population-weighted expected cost of
claims from different types but rather the demand-weighted expected cost of claims,
which is referred to in the literature as the average clientele risk.

Thus, insurers need to increase the price of insurance to cover this higher expected
cost of claims. Depending on the fraction of each risk type in the population and their
relative demand (price) elasticities, an equilibrium price can be determined.*® Although
it is possible with a discrete distribution of risk types that the resulting equilibrium will
only include sales to high-risk types at price EH, the so-called adverse selection death
spiral, let us assume that the resulting equilibrium does include positive insurance
purchases by low-risk types. This case is illustrated by price line EP’ and contracts L,
and H, in Figure 5. Now consider the welfare implications of banning insurers from
using risk-type-specific pricing. Rather than contract A for L-types and B for H-types,
these individuals receive contracts L, and H,, respectively. The channels through
which adverse selection costs arise are through (i) an increase in the average price, (ii)
over-insurance of H-types, and (iii) under-insurance of L-types. Although the over-
and under-insurance results are in a sense ““voluntary’ choices of individuals, these
choices create externalities that reduce welfare in a way that is different than under
conditions of exclusivity of provision (i.e., in comparison of contracts {A,B} vs. D in
Figure 2 for the standard Rothschild—Stiglitz model). Note in particular that in the
loss state of the world, H-types receive more income than do L-types in either of their

38 See Villeneuve (2000, 2003) and Hoy and Polborn (2000) for details.
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loss or no-loss states. Thus, in comparison to the symmetric information contracts of
A and B, the effect of regulatory adverse selection does not involve transfers of income
which are unambiguously from lower to higher marginal utility of income situations as
was the case for the Rothschild—Stiglitz model. This can seriously compromise the
possibility of regulatory adverse selection leading to an increase in expected welfare.
Nonetheless, as shown in Hoy and Polborn® and Ni,*° it is possible that a welfare
improvement will result from such price regulation. However, a cap on insurance
purchases in conjunction with a ban on the use of categorical variables for risk-rating
may enhance the possibility of regulatory adverse selection leading to an increase in
expected welfare. This issue is explored more fully in Polborn er al*' where a
proposition similar to Proposition 1 in this paper is developed in the presence of such a
cap.®?

It is also important to consider the implications of a regulation that bans risk
classification by insurers on the incentives of initially uninformed individuals to obtain
such information.*> Due to space limitations, this issue is only touched upon here. It
turns out that if individuals have different benefits and costs of the information
outside of the insurance market effects, then one can arrive at a variety of conclusions
concerning the implications of regulatory adverse selection. In particular, a ban may
improve or worsen expected welfare and may lead either to too few or too many
people becoming informed from a social welfare perspective. Perhaps, the most
interesting result is that if not too many people become informed, then regulatory
adverse selection may lead to higher expected welfare. The rationale for this result is
the same as in a static model with all individuals informed of their risk status at the
outset. Enforced pooling offers a sort of insurance against premium risk to those who
are uninformed, but have sufficient desire to become informed. However, in this
scenario too many people will become informed and so a tax on the test would
improve welfare.**

Further considerations

The canonical models of RSW, and related models of life insurance used in this paper
provide some useful guidance as to when a regulation restricting the use of risk

* Hoy and Polborn (2000).

40'Ni (2001).

41 Polborn et al. (2006).

42 The cap is not a blanket restriction on the amount of insurance a person can buy but rather refers to an
amount that a person can buy without being required to reveal information about risk type. An example
of such a provision is in place regarding certain genetic tests in the U.K. life insurance market, where the
cap is currently set at £500,000.

43 Papers that have addressed the incentive of individuals to acquire risk status information include
Doherty and Thistle (1996); Ligon and Thistle (1996); Doherty and Posey (1998); and Crocker and Snow
(1992). See Dionne et al. (2000) and Crocker and Snow (2000) for reviews of this literature. However,
existing models focus on the Rothschild—Stiglitz separating equilibrium concept and also assume the cost
of obtaining information is either zero or the same for all individuals.

4 See the working paper version of this paper, Hoy (2005), for details on this issue.
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classification by insurers can lead to a welfare improvement. In this section, I briefly
consider some real-world issues not captured by those models. To begin, as already
noted, the RSW model uses state independent preferences, an assumption that is
implausible in the context of the life insurance market.*> Not only is the “insurable
loss” likely to be a very subjective matter, depending on family relationships and
subjective preferences regarding the amount of money an insured wants to bequeath,
but such circumstances are likely to change over an individual’s lifetime. This has
significant implications on the analysis of contracting possibilities. For example, the
option of guaranteed renewability of life insurance is often argued to be a means for
individuals to avoid the negative welfare effects of premium risk. “Locking-in”’ early in
life with an insurance contract guarantees future premium levels (i.e., provides
insurance against premium risk).*® Although such contracting possibilities may well
mitigate the need for government action to reduce the negative impact of premium
risk, renewable life insurance contracts that provide insurance against premium risk
come at a cost. That is, implicit insurance against premium risk is effectively bundled
with an amount of insurance that may well be greater than currently demanded. Thus,
a ban on risk classification may improve social welfare in such an environment.*’

Models such as the RSW model, which implicitly assumes homogeneous preferences
over the loss, will also miss certain important elements of markets such as health
insurance. If relevant health-care treatments that people would want to adopt vary
across individuals then using models with homogeneous individuals may well lead to
misleading conclusions. The resulting demand for insurance will reflect not just risk
type but demand type as well.*® In such circumstances, the best policy may be to have
some limited amount of coverage that insurers must offer under conditions of
regulatory adverse selection while supplementary coverage may be obtained only
under full disclosure. This will eliminate over-insurance by low demand but high-risk
types, although there will be residual premium risk faced by high demand types.

I have also ignored the effect of allowing for individuals to adopt certain products or
lifestyle choices that affect their risk levels. Although some models investigating the
effects of regulatory adverse selection have included endogenous selection of risk level,
more research is needed on this issue.*” For example, it is an open question whether
characteristics reflecting individuals’ choices should be used for risk-rating purposes
even when immutable characteristics may not. In fact, even creating a dichotomy
between immutable and behavioural characteristics is methodologically, and philoso-
phically, problematic. Variables that appear to be the result of “choice” may to at least

45 Early models of insurance purchasing decisions with state dependent preferences were developed by
Cook and Graham (1977) and Dehez and Dréze (1982). Models of life insurance or annuity demand
under conditions of adverse selection include Abel (1986); Brugiavini (1993); Villeneuve (2003); Hoy and
Polborn (2000).

46 For models of renewable life insurance, see Pauly ez al. (1995, 1998) and Hendel and Lizzeri (2003).

47 See Polborn et al. (2006) for details on this possibility.

48 See Smart (2000) and Wambach (2000) for analyses of heterogeneous preferences regarding risk aversion
in the RS model. They show how this leads to substantial changes in the results generated by the model.

4 See, for example, Bond and Crocker (1991); Hoy (1989); Doherty and Posey (1998); and Strohmenger
and Wambach (2000).
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some extent be driven by “immutable type”. Recent advances in genetics, for example,
have illustrated that decisions such as smoking may in fact be significantly influenced
by one’s genes. So assessing a higher insurance price on smokers may be only in part a
tax on a choice-based activity but also in part a tax on an immutable characteristic.

Another important consideration is that many people receive health and life
insurance through their employer and this at least reduces their reliance on individual
policies.>® Of course, this is not to say that risk-rating of individuals is not an issue in
such cases, but rather that one needs to understand the incentives for using categorical
information in the context of employer-provided insurance. Design considerations for
options offered through group insurance may be quite different from what one would
expect to arise in an individual policy setting.”'

Most economic models of competitive insurance markets, including the RSW model
and the life insurance model used by Hoy and Polborn,*” assume that firms are
perfectly competitive and risk neutral, thus implicitly implying that there are no
efficiency issues concerning enforced risk pooling from the supply side of the market.
In other words, the zero expected profit condition means risk-neutral firms should be
indifferent over legislative options since they will end up in the same position.
However, such a conclusion requires that all the firms “follow the rules”, whatever
those may be. Since insurance companies do seem very much concerned about the
regulatory environment in which they operate, I believe more thought and modelling
on this score would be productive. Perhaps, the competitive model is not a good one
for insurance markets and modelling insurance as a homogeneous good may be
inappropriate.>?

Besides considering market-oriented concerns of firms and consumers in ways not
captured by standard economic models of insurance markets, social analysts are also
motivated by nonwelfaristic concerns. This is especially evident in the context of risk-
rating using genetic information, a practice often referred to as genetic discrimination.
In the policy arena, at least, such nonwelfaristic considerations will attract attention,
even if they are not persuasive to economists.”® However, as argued in Hoy and
Ruse,” applying the insights from economic analysis concerning what type of
equilibrium concept may apply under asymmetric information critically affects the
extent and type of discrimination that one would perceive under the alternative
regulatory regimes of full disclosure versus regulatory adverse selection. Therefore,
economists may well wish to enter such debates.

9 In the U.S., for example, approximately 90 per cent of privately purchased health insurance is through
employment. In other countries, health insurance that is supplementary to state-provided insurance is
often provided through employment, as is some life insurance.

51 See, for example, Crocker and Moran (2003). For a summary and critical review on the relationship
between group health insurance and portability, see Gruber (1998).

52 Hoy and Polborn (2000).

53 Other issues regarding firms’ preferences for alternative regulatory regimes are discussed in more detail in
Hoy and Ruse (2005).

5% For more on the broader (nonwelfaristic) perspective of categorical discrimination, see Kitcher (1996);
Hoy and Lambert (2000); Bossert and Fleurbaey (2002); and Hoy and Ruse (2005).

35 Hoy and Ruse (2005).
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Conclusions

By way of summarizing this paper, let me return to the central question of this paper,
which is: “What do the canonical models of insurance markets provide us by way of
guidance in evaluating government legislation that restricts the use of immutable
characteristics by insurers in risk-rating premiums?”” More specifically, does regulatory
adverse selection improve or worsen expected welfare in the sense of Harsanyi’s>® veil
of ignorance inspired welfare approach?”’ As did others, I have argued that such a
policy may provide a sort of insurance against premium risk but will create adverse
selection costs and so these two competing forces will determine the overall effect on
expected welfare. Suppose insurance contracts include the characteristic of exclusivity
of provision and that the fraction of high-risk types in the population exceeds the
critical level for which the separating pair of contracts with no cross-subsidization
supports a Nash equilibrium in the Rothschild—Stiglitz model. In this scenario, regulatory
adverse selection unambiguously reduces expected welfare and so governments should
not restrict use of risk classification. On the other hand, if the fraction of high-risk types is
sufficiently small that a pooling equilibrium of the Wilson foresight-type pertains (and
this is the “correct” equilibrium concept to describe the insurance market), then expected
welfare may well be enhanced by banning risk classification. Although this is certainly not
the case for all possible configurations of parameters, we do know that this will at least be
guaranteed to be the case as long as the fraction of high-risk types in the population is
“small enough”. To determine just how small is “small enough” requires some empirical/
simulation analysis, but we can at least presume that regulatory adverse selection is more
likely to be welfare enhancing when directed at classificatory variables such as genetic test
results compared to gender or age. In the case of insurance markets characterized by
linear pricing (i.e., markets that are not characterized by exclusivity of provision in
contracting), analogous results apply but a welfare gain from enforced pooling of
different risk types is not as likely if high-risk types are not restricted from over-insuring.

Throughout the paper some of the many real-world factors that are not adequately
taken into account by existing models of insurance market behaviour have been noted.
These may have profound effects on designing the appropriate policy regarding risk
classification in insurance markets and so provide fertile ground for further research
on the effect that government policy can have on the incentives for acquisition, and the
implications, of additional information about individuals’ risk status. This is
particularly important in light of the development of new testing technologies and
treatments in the field of medicine.
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Appendix A

Proof of Proposition 1: Since at the value ¢,=0 it follows that EU*P=EU®”, the
proposition is proved if it can be shown that dEU”/dq,>dEU*?/dq,. From
Equation (4), it follows that:

dEUAB

dan ~[u(Wo — prd) — u(Wo — pud))].
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First substituting ¢; =1—¢q and noting dp ,/dgr=(pz—pr), we have from Equation (5) that
dEUP
dgn

=— (o —pL)[u(Wo — r"pad) —u(Wo — r'pad — (1 — r")d]

—1"d(pr — po)[(1 = pa)u' (Wo — 1" pad)

+ pa' (Wo — r*pad — (1 — 1*)d)].
Evaluating these two derivatives at gyz=0, noting that the level of ¢z has no effect on
dEU"8)dgy and that (Wy—r*pd)=(Wy—r*pd—(1—r*)d) at qy=0 (since r*=1), it
follows that the first term of dEU”/dg, becomes zero and we obtain

dEUP
do = 4 —p)u' (Wo = pad).
qH

Thus, our result that dEU”/dgqy>dEU*®/dg, follows if and only if
—d(pg—p)d (Wo—pad) > —[u(Wo—prd)—u(Wo—pyd)] when evaluated at gy=0.

Noting that p,=p; at qzp=0 and letting W \=Wy—p;d, Wr=Wy—ppyd, so that
Wi1—W,y=d(py—p1), we have that the above inequality holds if and only if
u(Wh) — u(W)

Wi—Ww,

which holds since W;> W, and u(.) is a strictly concave function.

u’(W1)<

Proof of Proposition 2. It is obvious that EU” is unaffected by changes in gz and py
that leave p, unchanged, and so we just need to show that dEU"%/dg; >0 when
pu=k/qy. From Equation (4) we have, given py=k/qy

dEUAB k k
v =u<Wo——d) —u(Wo—pLd)—l—qHu'(Wo ——d)kquz
dgn qu qu
_kdul<W0 — kd) +M<Wo —kd) - M(Wo —pLd),
qo q0 qu
which upon substituting back for py=k/qy gives
dEU4B ,
dan = pudu'(Wo — pud) +u(Wo — pud) — u(Wy — prd).

Thus, dEU?/dgy >0 if pyy dul (Wo—pud) > u(Wo—prd)—u(Wo—pud).
The above inequality is implied by concavity of u(.) through the following
relationship:

u(Wo — prd) — u(Wo — pud)
pud —prd

u(Wo — prd) — u(Wo — pud)

pud

u' (W — pud)>
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