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PERFECT COMPETITION IN MARKETS WITH ADVERSE SELECTION

BY EDUARDO M. AZEVEDO AND DANIEL GOTTLIEB!

This paper proposes a perfectly competitive model of a market with adverse selec-
tion. Prices are determined by zero-profit conditions, and the set of traded contracts
is determined by free entry. Crucially for applications, contract characteristics are en-
dogenously determined, consumers may have multiple dimensions of private informa-
tion, and an equilibrium always exists. Equilibrium corresponds to the limit of a differ-
entiated products Bertrand game. We apply the model to establish theoretical results
on the equilibrium effects of mandates. Mandates can increase efficiency but have unin-
tended consequences. With adverse selection, an insurance mandate reduces the price
of low-coverage policies, which necessarily has indirect effects such as increasing ad-
verse selection on the intensive margin and causing some consumers to purchase less
coverage.

KEYWORDS: Adverse selection, contract theory, general equilibrium.

1. INTRODUCTION

POLICY MAKERS AND MARKET PARTICIPANTS CONSIDER adverse selection a first-order
concern in many markets.” These markets are often heavily regulated, if not subject to
outright government provision, as in social programs like unemployment insurance and
Medicare. Government interventions are typically complex, involving the regulation of
contract characteristics, personalized subsidies, community rating, risk adjustment, and
mandates.* However, most models of competition with adverse selection take contract
characteristics as given, limiting the scope of normative and even positive analyses of
these policies.

Standard adverse selection models face three limitations. The first limitation arises in
the Akerlof (1970) model, which, following Einav, Finkelstein, and Cullen (2010), is used
by most of the recent applied work. The Akerlof lemons model considers a market for a
single contract with exogenous characteristics, making it impossible to consider the effect
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inha Luz, Matt Gentzkow, Piero Gottardi, Nathan Hendren, Bengt Holmstrom, Jonathan Kolstad, Lucas
Maestri, Humberto Moreira, Roger Myerson, Maria Polyakova, Kent Smetters, Phil Reny, Casey Rothschild,
Florian Scheuer, Bernard Salanié, Johannes Spinnewijn, André Veiga, Glen Weyl, and seminar participants
at the University of Chicago, Columbia, EUI, EESP, EPGE, Harvard CRCS/Microsoft Research AGT Work-
shop, Oxford, MIT, NBER’s Insurance Meeting, the University of Pennsylvania, SAET, UCL, the University
of Toronto, and Washington University in St. Louis for helpful discussions and suggestions. Rafael Mourao
provided excellent research assistance. We gratefully acknowledge financial support from the Wharton School
Dean’s Research Fund and from the Dorinda and Mark Winkelman Distinguished Scholar Award (Gottlieb).
Supplementary materials and replication code are available at www.eduardomazevedo.com.

2Economists typically say that a market is adversely selected if one side of the market has private infor-
mation, and the least desirable informed trading partners are those who are most eager to trade. The classic
example is a used car market, where sellers with the lowest quality cars are those most willing to sell them (see
Akerlof (1970)).

3Van de Ven and Ellis (2000) surveyed health insurance markets across eleven countries with a focus on risk
adjustment (cross-subsidies from insurers who enroll cheaper consumers to those who enroll more expensive
ones). Their survey gives a glimpse of common regulations. There is risk adjustment in seventeen out of the
eighteen markets. Eleven of them have community rating, which forbids price discrimination on characteristics
such as age or preexisting conditions. Private sponsors also use risk adjustment and limit price discrimination.
For example, large corporations in the United States typically offer a restricted number of insurance plans
to their employees and risk-adjust contributions due to adverse selection (Pauly, Mitchell, and Zeng (2007),
Cutler and Reber (1998)).
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of policies that affect contract terms.* In contrast, the Spence (1973) and Rothschild and
Stiglitz (1976) models do allow for endogenous contract characteristics. However, they
restrict consumers to be heterogeneous along a single dimension,> despite evidence on
the importance of multiple dimensions of private information.® Moreover, the Spence
model suffers from rampant multiplicity of equilibria, while the Rothschild and Stiglitz
model often has no equilibrium.’

In this paper, we develop a competitive model of adverse selection. The model incorpo-
rates three key features, motivated by the central role of contract characteristics in policy
and by recent empirical findings. First, the set of traded contracts is endogenous, allow-
ing us to study policies that affect contract characteristics.® Second, consumers may have
several dimensions of private information, engage in moral hazard, and exhibit deviations
from rational behavior such as inertia and overconfidence.’ Third, equilibria always exist
and yield sharp predictions. Equilibria are inefficient, and even simple interventions can
raise welfare (measured as total surplus). Nevertheless, standard regulations have impor-
tant unintended consequences once we take firm responses into account.

The key idea is to consistently apply the price-taking logic of the standard Akerlof
(1970) and Einav, Finkelstein, and Cullen (2010) models to the case of endogenous con-
tract characteristics. Prices of traded contracts are set so that every contract makes zero
profits. Moreover, whether a contract is offered depends on whether the market for that
contract unravels, exactly as in the Akerlof single-contract model. For example, take an
insurance market with a candidate equilibrium in which a policy is not traded at a price of
$1,100. Suppose that consumers would start buying the policy were its price to fall below
$1,000. Consider what happens as the price of the policy falls from $1,100 to $900 and

4Many authors highlight the importance of taking the determination of contract characteristics into account
and the lack of a theoretical framework to deal with this. Einav and Finkelstein (2011) said that “abstracting
from this potential consequence of selection may miss a substantial component of its welfare implications
[...]- Allowing the contract space to be determined endogenously in a selection market raises challenges on
both the theoretical and empirical front. On the theoretical front, we currently lack clear characterizations of
the equilibrium in a market in which firms compete over contract dimensions as well as price, and in which
consumers may have multiple dimensions of private information.” According to Einav, Finkelstein, and Levin
(2009), “analyzing price competition over a fixed set of coverage offerings |[...] appears to be a relatively
manageable problem, characterizing equilibria for a general model of competition in which consumers have
multiple dimensions of private information is another matter. Here it is likely that empirical work would be
aided by more theoretical progress.”

3Chiappori, Jullien, Salanié, and Salanié (2006) highlighted this shortcoming: “Theoretical models of asym-
metric information typically use oversimplified frameworks, which can hardly be directly transposed to real-life
situations. Rothschild and Stiglitz’s model assumes that accident probabilities are exogenous (which rules out
moral hazard), that only one level of loss is possible, and more strikingly that agents have identical prefer-
ences which are moreover perfectly known to the insurer. The theoretical justification of these restrictions is
straightforward: analyzing a model of “pure,” one-dimensional adverse selection is an indispensable first step.
But their empirical relevance is dubious, to say the least.”

8See Finkelstein and McGarry (2006), Cohen and Einav (2007), and Fang, Keane, and Silverman (2008).

7According to Chiappori et al. (2006), “As is well known, the mere definition of a competitive equilibrium
under asymmetric information is a difficult task, on which it is fair to say that no general agreement has been
reached.” See also Myerson (1995).

8We study endogenous contract characteristics in the sense of determining, from a set of potential contracts,
the ones that are traded and the ones that unravel as in Akerlof (1970), Einav, Finkelstein, and Cullen (2010),
and Handel, Hendel, and Whinston (2015). Unraveling is a central concern in the adverse selection literature.
However, contract and product characteristics depend on many other factors, even when there is no adverse
selection. This is a broader issue that we do not explore.

?See Spinnewijn (2015) on overconfidence, Handel (2013) and Polyakova (2016) on inertia, and Kunreuther
and Pauly (2006) and Baicker, Mullainathan, and Schwartzstein (2012) for discussions of behavioral biases in
insurance markets.
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buyers flock in. One case is that buyers are bad risks, with an average cost of, say, $1,500.
In this case, it is reasonable for the policy not to be traded because there is an adverse
selection death spiral in the market for the policy. Another case is that buyers are good
risks, with an expected cost of, say, $500. In that case, the fact that the policy is not traded
is inconsistent with free entry because any firm who entered the market for this policy
would earn positive profits.

We formalize this idea as follows. The model takes as given a set of potential contracts
and a distribution of consumer preferences and costs. A contract specifies all relevant
characteristics, except for a price. Equilibrium determines both prices and the contracts
that are traded. A weak equilibrium is a set of prices and an allocation such that all con-
sumers optimize and prices equal the average cost of supplying each contract. There are
many weak equilibria because this notion imposes little discipline on which contracts are
traded. For example, there are always weak equilibria where no contracts are bought
because prices are high, and prices are high because the expected cost of a non-traded
contract is arbitrary.

We make an additional requirement that formalizes the idea that entry into non-traded
contracts is unprofitable. We require equilibria to be robust to a small perturbation of
fundamentals. Namely, equilibria must survive in economies with a set of contracts that
is similar to the original, but with a finite number of contracts, and with a small mass of
consumers who demand all contracts and have low costs. The definition avoids patholo-
gies related to conditional expectation over measure zero sets because all contracts are
traded in a perturbation, much like the notion of a proper equilibrium in game theory
(Myerson (1978)). The second part of our refinement is similar to the one used by Dubey
and Geanakoplos (2002) in a model of competitive pools.

Competitive equilibria always exist and make sharp predictions in a wide range of ap-
plied models that are particular cases of our framework. The equilibrium matches stan-
dard predictions in the models of Akerlof (1970), Einav, Finkelstein, and Cullen (2010),
and Rothschild and Stiglitz (1976) (when their equilibrium exists). Besides the price-
taking motivation, we give strategic foundations for the equilibrium, showing that it is
the limit of a game-theoretic model of firm competition, which is similar to the models
commonly used in the empirical industrial organization literature.

To exemplify the importance of contract characteristics and different dimensions of het-
erogeneity, we illustrate our framework in a calibrated health insurance model based on
Einav, Finkelstein, Ryan, Schrimpf, and Cullen (2013) and study policy interventions.
Consumers have four dimensions of private information, giving a glimpse of equilib-
rium behavior beyond standard one-dimensional models. There is moral hazard, so that
welfare-maximizing regulation is more nuanced than simply mandating full insurance. We
calculate the competitive equilibrium with firms offering contracts covering from 0% to
100% of expenditures. There is considerable adverse selection in equilibrium, creating
scope for regulation. We calculate the equilibrium under a mandate that requires pur-
chase of insurance with actuarial value of at least 60%. Figure 1 depicts the mandate’s
impact on coverage choices. A model that does not take firm responses into account
would simply predict that consumers who originally bought less than 60% coverage would
migrate to the least generous policy. In equilibrium, however, the influx of cheaper con-
sumers into the 60% policy reduces its price, which in turn leads some of the consumers
who were purchasing more comprehensive plans to reduce their coverage. Taking equi-
librium effects into account, the mandate has important unintended consequences. The
mandate forces some consumers to increase their purchases to the minimum quality stan-
dard but also increases adverse selection on the intensive margin.
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FIGURE 1.—Equilibrium effects of a mandate. Notes: The figure depicts the distribution of coverage choices
in the numerical example from Section 5. In this health insurance model, consumers choose contracts that
cover from 0% to 100% of expenses. The dark bars represent the distribution of coverage in an unregulated
equilibrium. The light bars represent coverage in equilibrium with a mandate that forces consumers to pur-
chase at least 60% coverage. With the mandate, about 85% of consumers purchase the minimum coverage,
and the bar at 60% is censored.

We derive theoretical comparative statics results on the effects of a mandate, that do
not rely on the particular functional forms of the illustrative calibration. We show that
increasing the minimum coverage of a mandate lowers the price of low-quality coverage
by an amount approximately equal to a measure of adverse selection in the original equi-
librium, due to the inflow of cheap consumers. This is a sufficient statistic formula, where
the direction of the effect depends on whether selection is adverse or advantageous, and
the magnitude depends on the amount of selection in equilibrium, according to a spe-
cific measure. Moreover, the mandate’s direct effect on prices implies that the mandate
necessarily has knock-on effects, as in the illustrative calibration.

Finally, there is room for welfare-enhancing government intervention in our model.
For example, in the illustrative calibration, the mandate considerably increases consumer
surplus, despite its unintended consequences. Moreover, policies that involve subsidies
in the intensive margin can generate considerably higher consumer surplus than a simple
mandate. We leave a detailed analysis of efficiency and optimal policy issues for future
work.

2. MODEL
2.1. The Model

We consider competitive markets with a large number of consumers and free entry
of identical firms operating at an efficient scale that is small relative to the market. To
model the gamut of behavior relevant to policy discussions in a simple way, we take as
given a set of potential contracts, preferences, and costs of supplying contracts.!’ To model
selection, we allow the cost of providing a contract to depend on the consumer who buys
it, and restrict attention to a group of consumers who are indistinguishable with respect
to characteristics over which firms can price discriminate.

Formally, firms offer contracts (or products) x in X. Each consumer wishes to purchase
a single contract. Consumer fypes are denoted 6 in ®. Consumer type 6 derives utility
U(x, p, 6) from buying contract x at a price p, and it costs a firm c(x, §) > 0 measured in

10This is similar to Veiga and Weyl (2014, 2016) and Einav, Finkelstein, and Levin (2009, 2010).
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units of a numeraire to supply it. Utility is strictly decreasing in price. There is a positive
mass of consumers, and the distribution of types is a measure w.!' An economy is defined
as E=1[0, X, ul.

2.2. Clarifying Examples

The following examples clarify the definitions, limitations of the model, and the goal of
deriving robust predictions in a wide range of selection markets. Parametric assumptions
in the examples are of little consequence to the general analysis, so some readers may
prefer to skim over details. We begin with the classic Akerlof (1970) model, which is
the dominant framework in applied work."? It is simple enough that the literature mostly
agrees on equilibrium predictions.

EXAMPLE 1—Akerlof: Consumers choose whether to buy a single insurance product,
so that X = {0, 1}. Utility is quasilinear,

(1) U(x’p’ 0) =u(x, 9)—17,

and the contract x = 0 generates no cost or utility, (0, 8) = c(0, 6) = 0. Thus, it has a
price of 0 in equilibrium. All that matters is the joint distribution of willingness to pay
u(1, ) and costs c(1, 6), which is given by the measure w.

A competitive equilibrium in the Akerlof model has a compelling definition and is
amenable to an insightful graphical analysis. Following Einav, Finkelstein, and Cullen
(2010), let the demand curve D(p) be the mass of consumers with willingness to pay
higher than p, and let AC(q) be the average cost of the ¢ consumers with highest will-
ingness to pay.’* An equilibrium in the Akerlof (1970) and Einav, Finkelstein, and Cullen
(2010) sense is given by the intersection between the demand and average cost curves,
depicted in Figure 2(a). At this price and quantity, consumers behave optimally and the
price of insurance equals the expected cost of providing coverage. If the average cost curve
is always above demand, then the market unravels and equilibrium involves no transac-
tions.

This model is restrictive in two important ways. First, contract terms are exogenous.
This is important because market participants and regulators often see distortions in con-
tract terms as crucial. In fact, many of the interventions in markets with adverse selection
regulate contract dimensions directly, aim to affect them indirectly, or try to shift de-
mand from some type of contract to another. It is impossible to consider the effect of
these policies in the Akerlof model. Second, there is a single non-null contract. This is
also restrictive. For example, Handel, Hendel, and Whinston (2015) approximated health
insurance exchanges by assuming that they offer only two types of plans (corresponding

"The relevant o-algebra and detailed assumptions are described below.
12Recent papers using this framework include Handel, Hendel, and Whinston (2015), Hackmann, Kolstad,
and Kowalski (2015), Mahoney and Weyl (2016), and Scheuer and Smetters (2014).
BUnder appropriate assumptions, the definitions are
D(p)=p({0:u,6)> p}),

AC(q) =E[c(, O)u, u(1,0) = D' (q)].
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FIGURE 2.—Weak equilibria in the (a) Akerlof and (b) Rothschild and Stiglitz models. Notes: Panel (a)
depicts demand D(p) and average cost AC(p) curves in the Akerlof model, with quantity on the horizontal
axis, and prices on the vertical axis. The equilibrium price of contract x = 1 is denoted by p*. Panel (b) depicts
two weak equilibria of the Rothschild and Stiglitz model, with contracts on the horizontal axis and prices on
the vertical axis. IC* and IC" are indifference curves of type L and H consumers. The dashed lines depict
the contracts that give zero profits for each type. L and H denote the contract-price pairs chosen by each
type in these weak equilibria, which are the same as in Rothschild and Stiglitz (1976) when their equilibrium
exists. The bold curves p(x) (black) and p(x) (gray) depict two weak equilibrium price schedules. p(x) is an
equilibrium price, but p(x) is not.

to x =0 and x = 1), and that consumers are forced to choose one of them.!* Likewise,
Hackmann, Kolstad, and Kowalski (2015) and Scheuer and Smetters (2014) lumped the
choice of buying any health insurance as x = 1.

The next example, the Rothschild and Stiglitz (1976) model, endogenously determines
contract characteristics. However, preferences are stylized. Still, this model already ex-
hibits problems with existence of equilibrium, and there is no consensus about equilibrium
predictions.

ExXAMPLE 2—Rothschild and Stiglitz: Each consumer may buy an insurance contract
in X = [0, 1], which insures her for a fraction x of a possible loss of /. Consumers differ
only in the probability 0 of a loss. Their utility is

Ux,p,)=0-v(W—-p—1—-x))+1—0) - v(W - p),

where v(-) is a Bernoulli utility function and W is wealth, both of which are constant in
the population. The cost of insuring individual 6 with policy x is c¢(x, 0) = 6 - x - [. The
set of types is @ = {L, H}, with 0 < L < H < 1. The definition of an equilibrium in this
model is a matter of considerable debate, which we address in the next section.

We now illustrate more realistic multidimensional heterogeneity with an empirical
model of preferences for health insurance used by Einav et al. (2013).

EXAMPLE 3—Einav et al.: Consumers are subject to a stochastic health shock / and,
after the shock, decide the amount e they wish to spend on health services. Consumers
are heterogeneous in their distribution of health shocks Fj, risk aversion parameter Ay,
and moral hazard parameter H,.

“In accordance with the Affordable Care Act, health exchanges offer bronze, gold, silver, and platinum
plans, with approximate actuarial values ranging from 60% to 90%. Within each category, plans still vary in
important dimensions such as the quality of their hospital networks. Silver is the most popular option, and over
10% of adults were uninsured in 2014.
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For simplicity, we assume that insurance contracts specify the fraction x € X =[0, 1] of
health expenditures that are reimbursed. Utility after the shock equals

CE(e,l;x,p,0) = |:(e -1 - %(e - 1)2] +[W -p—(1-x)e],
0

where W is the consumer’s initial wealth. The privately optimal health expenditure is
e=1+ H, - x, so, in equilibrium,

H
CE*(l;x,p,B):W—p—l+l-x+79~x2.
Einav et al. (2013) assumed constant absolute risk aversion (CARA) utility before the
health shock, so that ex ante utility equals

U(x, p, 0) =E[—exp|{—Ay-CE*(I; x, p, 0)}|| ~ F,].

For our numerical examples below, losses are normally distributed with mean M, and
variance S3, which leaves four dimensions of heterogeneity.”” Calculations show that the
model can be described with quasilinear preferences as in equation (1), with willingness
to pay and cost functions

2

2 u(x, 0)=x-M9+x—-H9+1x(2—x)-S2A0, and
( 2 2 6

c(x,0)=x-My+x*-H,.

The formula decomposes willingness to pay into three terms: average covered expenses
xM,, utility from overconsumption of health services x?H,/2, and risk-sharing x(2 — x) -
S2A4,/2. Since firms are responsible for covered expenses, the first term also enters firm
costs. Overconsuming health services, which is caused by moral hazard, costs firms twice
as much as consumers are willing to pay for it. Moreover, the risk-sharing value of the
policy is increasing in coverage, in the consumer’s risk aversion, and in the variance of
health shocks. However, because firms are risk-neutral, the risk-sharing term does not
enter firm costs.

The example illustrates that the framework can fit multidimensional heterogeneity in
a more realistic empirical model. Moreover, it can incorporate ex post moral hazard
through the definitions of the utility and cost functions. The model can fit other types of
consumer behavior, such as ex ante moral hazard, non-expected utility, overconfidence,
or inertia to abandon a default choice. It can also incorporate administrative or other per-
unit costs on the supply side. Moreover, it is straightforward to consider more complex
contract features, including deductibles, copays, stop-losses, franchises, network quality,
and managed restrictions on expenses.

In the last example, and in other models with complex contract spaces and rich hetero-
geneity, there is no agreement on a reasonable equilibrium prediction. Unlike the Roth-
schild and Stiglitz model, where there is controversy about what the correct prediction is,
in this case the literature offers almost no possibilities.

SBecause of the normality assumption, losses and expenses may be negative in the numerical example. We
report this parameterization because the closed form solutions for utility and cost functions make the model
more transparent. In the Supplemental Material (Azevedo and Gottlieb (2017)), we calibrate a model with
log-normal loss distributions and nonlinear contracts and find similar qualitative results.
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2.3. Assumptions

The assumptions we make are mild enough to include all the examples above, so ap-
plied readers may wish to skip this section. On a first read, it is useful to keep in mind the
particular case where X and @ are compact subsets of Euclidean space, utility is quasi-
linear as in equation (1), and u and c are continuously differentiable. These assumptions
are considerably stronger than what is needed, but they are weak enough to incorporate
most models in the literature. We begin with technical assumptions.

ASSUMPTION 1—Technical Assumptions: X and O are compact and separable metric
spaces. Whenever referring to measurability, we will consider the Borel o-algebra over X and
0O, and the product o-algebra over the product space. In particular, we take p to be defined
over the Borel o-algebra.

Note that X and @ can be infinite-dimensional, and the distribution of types can admit
a density with infinite support, may be a sum of point masses, or a combination of the
two. We now consider a more substantive assumption. Let d(x, x') denote the distance
between contracts x and x’'.

ASSUMPTION 2—Bounded Marginal Rates of Substitution: There exists a constant L
with the following property. Take any p < p'in the image of ¢, any x, x"in X,and any 6 € ©.
Assume that

Ux,p,0)<U(x,p,0),

that is, that a consumer prefers to pay more to purchase contract x' instead of x. Then, the
price difference is bounded by

p —p=<L-d(x,x).

That is, the willingness to pay for an additional unit of any contract dimension is
bounded. The assumption is simpler to understand when utility is quasilinear and dif-
ferentiable. In this case, it is equivalent to the absolute value of the derivative of u being
uniformly bounded.

ASSUMPTION 3—Continuity: The functions U and c are continuous in all arguments.

Continuity of the utility function is not very restrictive because of Berge’s Maximum
Theorem. Even with moral hazard, utility is continuous under standard assumptions. Con-
tinuity of the cost function is more restrictive. It implies that we can only consider models
with moral hazard where payoffs to the firm vary continuously with types and contracts.
This may fail if consumers change their actions discontinuously with small changes in a
contract. Nevertheless, it is possible to include some models with moral hazard in our
framework. See Kadan, Reny, and Swinkels (2014, Section 9), for a discussion of how to
define a metric over a contract space, starting from a description of actions and states.

3. COMPETITIVE EQUILIBRIUM
3.1. Weak Equilibrium

We now define a minimalistic equilibrium notion, a weak equilibrium, requiring only
that firms make no profits and consumers optimize. A vector of prices is a measurable
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function p : X — R, with p(x) denoting the price of contract x. An allocation is a measure
a over O x X such that the marginal distribution satisfies «|® = . That is, «({6, x}) is
the measure of 6 types purchasing contract x.!° We are often interested in the expected
cost of supplying a contract x and use the following shorthand notation for conditional
moments:

E.[cla]l =E[c(%, 0)|e, ¥ = x].

That is, E,[c|«] is the expectation of c(x, 6) according to the measure « and conditional
on X = x. Note that such expectations depend on the allocation «. When there is no risk
of confusion, we omit «, writing simply E,[c]. Similar notation is used for other moments.

DEFINITION 1: The pair (p*, o*) is a weak equilibrium if
1. For each contract x, firms make no profits. Formally,

Pr(x) =E;[cla’]

almost everywhere according to a*.
2. Consumers select contracts optimally. Formally, for almost every (6, x) with respect
to a*, we have

U(x, p*(x), 0) =sup U(x', p*(x), ).

x'eX

This is a price-taking definition, not a game-theoretic one. Consumers optimize taking
prices as given, as do firms, who also take the average costs of buyers as given. We do not
require that all consumers participate. This can be modeled by including a null contract
that costs nothing and provides zero utility.

A weak equilibrium requires firms to make zero profits on every contract. This is a
substantial economic restriction, as it rules out cross-subsidies between contracts. In fact,
there are competitive models, such as those in Wilson (1977) and Miyazaki (1977), where
firms earn zero profits overall but can have profits or losses on some contracts. It is possi-
ble to micro-found the requirement of zero profits on each contract with a strategic model
with differentiated products, as discussed in Section 4.2. Intuitively, in this kind of model,
a firm that tries to cross-subsidize contracts is undercut in contracts that it taxes and is left
selling the contracts that it subsidizes.

We only ask that prices equal expected costs almost everywhere.!” In particular, weak
equilibria place no restrictions on the prices of contracts that are not purchased. As
demonstrated in the examples below, this is a serious problem with this definition and
the reason why a stronger equilibrium notion is necessary.

3.2. Equilibrium Multiplicity and Free Entry

We now illustrate that weak equilibria are compatible with a wide variety of outcomes,
most of which are unreasonable in a competitive marketplace.

16This formalization is slightly different than the traditional way of denoting an allocation as a map from
types to contracts. We take this approach because different consumers of the same type may buy different
contracts in equilibrium, as in Chiappori, McCann, and Nesheim (2010).

"The reason is that conditional expectation is only defined almost everywhere. Although it is possible to
understand all of our substantive results without recourse to measure theory, we refer interested readers to
Billingsley (2008) for a formal definition of conditional expectation.
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EXAMPLE 2'—Rothschild and Stiglitz—Multiplicity of Weak Equilibria: We first revisit
Rothschild and Stiglitz’s (1976) original equilibrium. They set up a Bertrand game with
identical firms and showed that, when a Nash equilibrium exists, it has allocations given
by the points L and H in Figure 2(b). High-risk consumers buy full insurance x; =1 at
actuarially fair rates py = H - 1. Low-risk types purchase partial insurance, with actuarially
fair prices reflecting their lower risk. The level of coverage x; is just low enough so that
high-risk consumers do not wish to purchase contract x;. That is, L and H are on the
same indifference curve IC" of high types.

Note that we can find weak equilibria with the same allocation. One example of weak
equilibrium prices is the curve p(x) in Figure 2(b). The zero profits condition is satisfied
because the prices of the two contracts that are traded, x; and xg, equal the average cost
of providing them. The optimization condition is also satisfied because the price schedule
p(x) is above the indifference curves IC" and IC". Therefore, no consumer wishes to
purchase a different contract.

However, many other weak equilibria exist. One example is the same allocation with
the prices p(x) in Figure 2(b). Again, firms make no profits because the prices of x; and
x, are actuarially fair, and consumers are optimizing because the price of other contracts
is higher than their indifference curves.

There are also weak equilibria with completely different allocations. For example, it is a
weak equilibrium for all consumers to purchase full insurance, and for all other contracts
to be priced so high that no one wishes to buy them. This does not violate the zero profits
condition because the expected cost of contracts that are not traded is arbitrary. This
weak equilibrium has full insurance, which is the first-best outcome in this model. It is
also a weak equilibrium for no insurance to be sold, and for prices of all contracts with
positive coverage to be prohibitively high. Therefore, weak equilibria provide very coarse
predictions, with the Bertrand solution, full insurance, complete unraveling, and many
other outcomes all being possible.

In a market with free entry, however, some weak equilibria are more reasonable than
others. Consider the case of H < 1 and take the weak equilibrium with complete unrav-
eling. Suppose firms enter the market for a policy with positive coverage, driving down its
price. Initially, no consumers purchase the policy, and firms continue to break even. As
prices decrease enough to reach the indifference curve of high-risk consumers, they start
buying. At this point, firms make money because risk-averse consumers are willing to pay
a premium for insurance. Therefore, this weak equilibrium conflicts with the idea of free
entry. A similar titonnement eliminates the full-insurance weak equilibrium. If firms en-
ter the market for partial insurance policies, driving down prices, they do not attract any
consumers at first. However, once prices decrease enough to reach the indifference curve
of low-risk consumers, firms only attract good risks and therefore make positive profits.

The same argument eliminates the weak equilibrium associated with p(x). Let x; < x,.
be a non-traded contract with p(x,) > p(x). Suppose firms enter the market for x,, driv-
ing down its price. Initially, no consumers purchase x,, and firms continue to break even.
As prices decrease enough to reach p(x,), the L types become indifferent between pur-
chasing x, or not. If they decrease any further, all L types purchase contract x,. At this
point, firms lose money because average cost is higher than the price.'® The price of x,
is driven down to p(x,), at which point it is no longer advantageous for firms to enter.

13To see why, note that L types buy x; at an actuarially fair price. Therefore, they would only purchase less
insurance if firms sold it at a loss.
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In fact, this argument eliminates all but the weak equilibrium with price p(x) and the
allocation in Figure 2(b).

3.3. Definition and Existence of an Equilibrium

We now define an equilibrium concept that formalizes the free entry argument. Equilib-
ria are required to be robust to small perturbations of a given economy. A perturbation
has a large but finite set of contracts approximating X. The perturbation adds a small
measure of behavioral types, who always purchase each of the existing contracts and im-
pose no costs on firms. The point of considering perturbations is that all contracts are
traded, eliminating the paradoxes associated with defining the average cost of non-traded
contracts.

We introduce, for each contract x, a behavioral consumer type who always demands
contract x. We write x for such a behavioral type and extend the utility and cost functions
as U(x, p,x) =00, U(x', p,x) =0if x’ # x, and c(x, x) = 0. For clarity, we refer to non-
behavioral types as standard types.

DEFINITION 2: Consider an economy E = [@, X, u]. A perturbation of E is an econ-
omy with a finite set of contracts X C X and a small mass of behavioral types demanding
each contract in X. Formally, a perturbatzon (E, X, mn)is an economy [O U X, X, u+ 7],
where X C X is a finite set, and 7 is a strictly positive measure over X.!

The next definition says that a sequence of perturbations converges to the original econ-
omy if the set of contracts fills in the original set of contracts and the total mass of behav-
ioral consumers converges to 0.

DEFINITION 3: A sequence of perturbations (E, X", n"").en converges to E if
1. Every point in X is the limit of a sequence (x"),cy With each x” € X",
2. The total mass of behavioral types n"(X") converges to 0.

We now define what it means for a sequence of equilibria of perturbations to converge
to the original economy.

DEFINITION 4: Take an economy E and a sequence of perturbations (E, X", 7")uen
converging to E, with weak equilibria (p", a"). The sequence of weak equilibria (p", &") e
converges to a price-allocation pair (p*, o*) of E if

1. The allocations o converge weakly to a*.

2. For every sequence (x"),cy with each x” € X" and limit x € X, p"(x") converges to

p*(X).ZO

We are now ready to define an equilibrium.

YBoth an economy and its perturbations have a set of types contained in @ U X and contracts contained
in X. To save on notation, we extend distributions of types to be defined over ® U X and allocations to be
defined over (@ U X) x X. With this notation, measures pertaining to different perturbations are defined on
the same space.

21n a perturbation, prices are only defined for a finite subset X" of contracts. The definition of convergence
is strict in the sense that, for a given contract x, prices must converge to the price of x for any sequence of
contracts (x"),cy converging to x.
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DEFINITION 5: The pair (p*, o*) is an equilibrium of E if there exists a sequence of
perturbations that converges to E and an associated sequence of weak equilibria that
converges to (p*, a*).

The most transparent way to understand how equilibrium formalizes the free entry idea
is to return to the Rothschild and Stiglitz model from Example 2. Recall that there is a
weak equilibrium where no one purchases insurance and prices are high. But this is not an
equilibrium. A perturbation cannot have such high-price equilibria because, if standard
types do not purchase insurance, prices are driven to 0 by behavioral types. Likewise, the
weak equilibrium corresponding to p in Figure 2(b) is not an equilibrium. Consider a
contract x, with p(xy) > p(x). In any perturbation, if prices are close to p, then only
behavioral types would buy x,. But this would make the price of x, equal to 0 because
the only way to sustain positive prices in a perturbation is by attracting standard types.
In fact, equilibria of perturbations sufficiently close to E involve most L types purchasing
contracts similar to x;, and most H types purchasing contracts similar to xy. The price
of any contract x, < x; must make L types indifferent between x, and x;. There is a
small mass of L types purchasing x, to maintain the indifference. If prices were lower, L
types would flood the market for x,, and firms would lose money. If prices were higher,
no L types would purchase x,. The only equilibrium is that corresponding to p(x) in
Figure 2(b) (this is proven in Corollary 1).!

The mechanics of equilibrium are similar to the standard analysis of the Akerlof model
from Example 1. In the example depicted in Figure 2(a), the only equilibrium is that
associated with the intersection of demand and average cost.”> This is similar to the way
that prices for x; and xy are determined in Example 2. If the average cost curve were
always above the demand curve, the only equilibrium would be complete unraveling. This
is analogous to the way that the market for contracts other than x, and xy unravels.

There are two ways to think about the equilibrium refinement. One is that it consistently
applies the logic of Akerlof (1970) and Einav, Finkelstein, and Cullen (2010) to the case
where there is more than one potential contract. This is similar to the intuitive free entry
argument discussed in Section 3.2. Another interpretation is that the definition demands
a minimal degree of robustness with respect to perturbations, while paradoxes associated

21 The example shows that a price of zero is special in a competitive equilibrium. In equilibria of perturba-
tions, every contract with a positive price is purchased by a positive mass of standard types, but contracts with
a price of zero may not be purchased by any standard types. Although this is standard in general equilibrium
theory, an analyst may want to use an alternative definition of equilibrium where there is full support of stan-
dard types over all contracts sold. One alternative definition considers competitive equilibrium but assumes
that behavioral consumers have sufficiently negative costs, as opposed to zero. Another alternative definition
considers perturbations that, instead of behavioral consumers, have each contract type being subsidized by a
fixed amount of numeraire, to be split among sellers. One can then define subsidy equilibria as the limit of
equilibria of perturbations where the total subsidy converges to 0. In Example 2, both definitions imply neg-
ative equilibrium prices for low-quality coverage, with p(x) lying on the indifference curve of low types in
Figure 2(b). Finally, in some applications to labor and financial markets, costs are negative. In these cases, the
cost of behavioral consumers should be set lower than the costs of all standard types. We thank Roger Myerson
for clarifying these points.

2There are other weak equilibria in the example in Figure 2(a), but the only equilibrium is the intersection
between demand and average cost. For example, it is a weak equilibrium for no one to purchase insurance, and
for prices to be very high. But this is not an equilibrium. The reason is that, in a perturbation, behavioral types
make the average cost curve well-defined for all quantities, including 0. The perturbed average cost curve is
continuous, equal to 0 at a quantity of 0, and slightly lower than the original. As the mass of behavioral types
shrinks, the perturbed average cost curve approaches its value in the original economy. Consequently, the only
equilibrium is the standard solution, where demand and average cost intersect.
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FIGURE 3.—Equilibrium prices (a) and demand profile (b) in the multidimensional health insurance model
from Example 3. Notes: Panel (a) illustrates equilibrium prices and quantities in Example 3 under benchmark
parameters. The solid curve denotes prices. The size of the circles represents the mass of consumers purchasing
each contract, and its height represents the average loss parameter of such consumers, that is, E,[M]. Panel (b)
illustrates the equilibrium demand profile. Each point represents a randomly drawn type from the population.
The horizontal axis represents expected health shock M,, and the vertical axis represents the absolute risk
aversion coefficient 4,. The colors represent the level of coverage purchased in equilibrium.

with conditional expectation do not occur in perturbations. This rationale is similar to
proper equilibria (Myerson (1978)).
We now show that equilibria always exist.

THEOREM 1: Every economy has an equilibrium.

The proofis based on two observations. First, equilibria of perturbations exist by a stan-
dard fixed-point argument. Second, equilibrium price schedules in any perturbation are
uniformly Lipschitz. This is a consequence of the bounded marginal rate of substitution
(Assumption 2). The intuition is that, if prices increased too fast with x, no standard types
would be willing to purchase more expensive contracts. This is impossible, however, be-
cause a contract cannot have a high equilibrium price if it is only purchased by the low-cost
behavioral types. We then apply the Arzela—Ascoli Theorem to demonstrate existence of
equilibria.

Existence only depends on the assumptions of Section 2.3. Therefore, equilibria are
well-defined in a broad range of theoretical and empirical models. Equilibria exist not
only in stylized models, but also in rich multidimensional settings. Figure 3 plots an equi-
librium in a calibration of the Einav et al. model (Example 3). Equilibrium makes sharp
predictions, displays adverse selection, with costlier consumers purchasing higher cover-
age, and consumers sort across the four dimensions of private information. We return to
this example below.

4. DISCUSSION

This section establishes consequences of competitive equilibrium, and discusses the
relationship to existing solution concepts.

4.1. Equilibrium Properties

We begin by describing some properties of equilibria.

PROPOSITION 1: Let (p*, a*) be an equilibrium of economy E. Then:
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1. The pair (p*, a*) is a weak equilibrium of E.
2. For every contract x' € X with strictly positive price, there exists (0, x) in the support of
o* such that

U(x, p*(x),0) =U(x', p*(x'),0) and c(x',0) = p(x').

That is, every contract that is not traded in equilibrium has a low enough price for some
consumer to be indifferent between buying it or not, and the cost of this consumer is at least
as high as the price.

3. The price function is L-Lipschitz, and, in particular, continuous.

4. If X is a subset of Euclidean space, then p* is Lebesgue almost everywhere differentiable.

The proposition shows that equilibria have several regularity properties. They are weak
equilibria. Moreover, equilibrium prices are continuous and differentiable almost every-
where. Finally, the price of an out-of-equilibrium contract is either 0 or low enough that
some type is indifferent between buying it or not. In that case, the cost of selling to this
indifferent type is at least as high as the price. Intuitively, these are the consumer types
who make the market for this contract unravel.”*

With these properties, we can solve for equilibrium in the Rothschild and Stiglitz model:

COROLLARY 1: Consider Example 2. If H < 1, the unique equilibrium is the price p and
allocation in Figure 2(b). If H = 1, the market unravels with equilibrium prices of x - | and
low types purchasing no insurance.

The corollary shows that equilibrium coincides with the Riley (1979) equilibrium and
with the Rothschild and Stiglitz (1976) equilibrium when it exists.” Therefore, competi-
tive equilibrium delivers the standard results in the particular cases of Akerlof (1970) and

BProposition 1, part 2 clarifies that behavioral types with zero cost ensure that perturbed economies will
have standard types trading on all contracts with positive prices. As a result, in a competitive equilibrium,
each non-traded contract with a positive price will be the lowest price at which a standard type would not
want to buy it (given the prices of other contracts). If, instead, we introduced behavioral types with sufficiently
negative costs, perturbed economies will have standard types buying all contracts, not only those with positive
prices. Then, competitive equilibrium prices of all non-traded contracts will be the lowest price at which a
standard type would not want to buy it. This equilibrium notion, in which standard types buy all contracts in
perturbed economies, can be particularly useful in situations where one does not want to restrict prices to be
non-negative.

2These conditions are necessary but not sufficient for an equilibrium. The reason is that the existence of
a type satisfying the conditions in part 2 of the proposition does not imply that the market for a contract
x would unravel in a perturbation. This may happen because there can be other types who are indifferent
between purchasing x or not, and some of them may have lower costs. It is simple to construct these examples
in models similar to Chang (2010) or Guerrieri and Shimer (2015).

BThere is some controversy over whether the Riley (1979) equilibrium is reasonable and whether other
notions, such as the Wilson (1977) equilibrium, are more compelling. The Riley allocation has been criticized
because it is constrained Pareto inefficient when there are few H types (Crocker and Snow (1985)), and be-
cause the equilibrium does not depend on the proportion of each type and changes discontinuously to full
insurance when the measure of H types is 0 (Mailath, Okuno-Fujiwara, and Postlewaite (1993)). Although our
solution concept inherits these counterintuitive predictions, we see it as reasonable, especially in the richer
settings in which we are interested, for two reasons. First, the assumptions made by Rothschild and Stiglitz
are extreme and counterintuitive. Namely, they assumed that there are only two types of consumers, and that
consumers are heterogeneous along a single dimension. Thus, the counterintuitive results are driven not only
by the equilibrium concept but also by counterintuitive assumptions. We give some evidence that the Roth-
schild and Stiglitz setting is atypical in the Supplemental Material. We show that, under certain assumptions,
generically, the set of competitive equilibria varies continuously with fundamentals. Moreover, whenever there
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Rothschild and Stiglitz (1976). Moreover, simple arguments based on Proposition 1 can
be used to solve models with richer heterogeneity, such as Netzer and Scheuer (2010),
where the analysis of game-theoretic solution concepts is challenging.

4.2. Strategic Foundations

Our equilibrium concept can be justified as the limit of a strategic model, which is simi-
lar to the models used in the empirical industrial organization literature. This relates our
work to the literature on game-theoretic competitive screening models and the industrial
organization literature on adverse selection. Moreover, the assumptions on the strategic
game clarify the limitations of our model and the situations where competitive equilib-
rium is a reasonable prediction.

We consider such a strategic setting in Supplemental Material Appendix A. We start
from a perturbation (E, X, n). Each contract has » differentiated varieties, and each va-
riety is sold by a different firm. Consumers have logit demand with semi-elasticity o. Firms
have a small efficient scale. To capture this in a simple way, we assume that each firm can
only serve up to a fraction k of consumers. Firms cannot turn away consumers, as with
community rating regulations.”® The key parameters are the number of varieties of each
contract n, the semi-elasticity of demand o, and the maximum scale of each firm k.

We consider symmetric Bertrand-Nash equilibria, where firms independently set
prices. Proposition Al shows that Bertrand-Nash equilibria exist as long as firm scale
is sufficiently small and there are enough firms selling each product to serve the whole
market. The maximum scale that guarantees existence is of the order of the inverse of
the semi-elasticity. Therefore, equilibria exist even if demand is close to the limit of no
differentiation. At a first blush, this result seems to contradict the finding that the Roth-
schild and Stiglitz model often has no Nash equilibrium (Riley (1979)). The reason why
Bertrand-Nash equilibria exist is that the profitable deviations in the Rothschild and
Stiglitz model rely on firms setting very low prices and attracting a sizable portion of the
market. However, this is not possible if firms have small scale and cannot turn consumers
away. Besides establishing existence of a Bertrand-Nash equilibrium, Proposition Al
shows that profits per contract are bounded above by a term of order 1/¢ plus a term of
order k.

Proposition A2 then shows that, for a sequence of parameters satisfying the condi-
tions for existence and with semi-elasticity converging to infinity, Bertrand—Nash equilib-
ria converge to a competitive equilibrium. Thus, competitive equilibrium corresponds to
the limit of this game-theoretic model.

is some pooling (as in Example 3), equilibrium depends on the distribution of types. Second, our model pro-
duces intuitive predictions and comparative statics in our calibrated example in Section 5. While we see our
framework as a reasonable first step to study markets with rich consumer heterogeneity, it would be interesting
to explore alternative equilibrium notions in settings with rich heterogeneity. For example, it would be interest-
ing to generalize the Wilson (1977) equilibrium to such settings. Moreover, we caution readers that, while we
seek to propose a useful framework that can be applied more generally, we do not seek to resolve the debate
about whether the Riley (1979) or the Wilson (1977) allocations are more reasonable in the Rothschild and
Stiglitz example. Nevertheless, we believe that exploring alternative equilibrium notions in settings with more
realistic assumptions on preferences can contribute to understanding what equilibrium notions produce useful
predictions in these settings.

% Guerrieri, Shimer, and Wright (2010) considered a directed search model where firms can turn away con-
sumers, and established that, as search frictions vanish, their equilibria converge to the competitive equilibrium
in the Rothschild and Stiglitz model. However, equilibria of this kind of model do not converge to competitive
equilibrium in general. For further discussion, see the Supplemental Material.
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A limitation of this result is that each firm offers a single contract, as opposed to a menu
of contracts. In particular, the strategic model rules out the possibility that firms cross-
subsidize contracts, which is a key requirement of our equilibrium notion. To address this,
we generalize our convergence results to the case where firms offer menus of contracts
in the Supplemental Material. This generalization shows that, even if firms can cross-
subsidize contracts, in equilibrium they do not do so, and earn low profits on all contracts.

These results have four implications. First, convergence to competitive equilibrium is
relatively brittle because it depends on the Bertrand assumption, on the number of vari-
eties and maximum scale satisfying a pair of inequalities, and on semi-elasticities growing
at a fast enough rate relative to those parameters. This is to be expected because exist-
ing strategic models lead to very different conclusions with small changes in assumptions.
Second, although convergence depends on special assumptions, it is not a knife-edge case.
There exists a non-trivial set of parameters for which equilibria are justified by a strategic
model.

Third, our results relate two types of models in the literature. Our strategic model is
closely related to the differentiated products models in the industrial organization litera-
ture, such as Starc (2014), Decarolis, Polyakova, and Ryan (2012), Mahoney and Weyl
(2016), and Tebaldi (2015). Our results show that our competitive equilibrium corre-
sponds to a particular limiting case of these models. This implies that the models of Riley
(1979) and Handel, Hendel, and Whinston (2015) are also limiting cases of the differen-
tiated products models, because their equilibria coincide with ours in particular cases, as
discussed below.

Finally, the sufficient conditions give insight into situations where competitive equilib-
rium is reasonable. Namely, when there are many firms, efficient firm scale is small rela-
tive to the market, and firms are close to undifferentiated. The results do not imply that
markets with adverse selection are always close to perfect competition. Indeed, market
power is often an issue in these markets (see Dafny (2010), Dafny, Duggan, and Rama-
narayanan (2012), and Starc (2014)). Nevertheless, the sufficient conditions are similar to
those in markets without adverse selection: the presence of many, undifferentiated firms,
with small scale relative to the market (see Novshek and Sonnenschein (1987)).

4.3. Unraveling and Robustness to Changes in Fundamentals

It is possible that there is no trade in one or all competitive equilibria. This is illustrated
in Corollary 1 and in other particular cases of our model. For example, with one contract
(Example 1), there is no trade if average cost is always above the demand curve, as in Ak-
erlof’s classic example. Hendren (2013) gave a no-trade condition in a binary loss model
with a richer contract space.

Unraveling examples such as those in Hendren (2013) raise the question of whether
competitive equilibria are too sensitive to small changes in fundamentals. For example,
consider an Akerlof model as in Example 1, with a unique equilibrium, which has a pos-
itive quantity. Suppose we add a positive but small mass of a type who values every non-
null contract more than all other types, say $1,000,000, and has even higher costs, say
$2,000,000. This change in fundamentals creates a new equilibrium where all contracts
cost $1,000,000 and no contracts are traded (although there may be other equilibria close
to the original one).

We examine the robustness of the set of equilibria with respect to fundamentals in the
Supplemental Material. We give examples in the one-contract case where adding a small
mass of high-cost types introduces a new equilibrium with complete unraveling. However,
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competitive equilibria have two important generic robustness properties. First, generi-
cally, equilibria with trade are never considerably affected by the introduction of a small
measure of high-cost types. Second, generically, small changes to demand and average
cost curves lead to small changes in the set of equilibria. That is, the only way to produce
large changes in equilibrium predictions is to considerably move average cost or demand
curves. In particular, the $1,000,000 example only works because it considerably changes
expected costs conditioning on the consumers who have sufficiently high willingness to
pay. This would not be possible if, for example, the original model already had consumers
with high willingness to pay. Finally, the Supplemental Material includes a formal result
showing that the latter robustness property holds with many potential contracts.

4.4. Equilibrium Multiplicity and Pareto Ranked Equilibria

Competitive equilibria may not be unique. This is the case, for example, in the Akerlof
model (Example 1) when average cost and demand cross at multiple points. This exam-
ple is counterintuitive because equilibria are Pareto ranked, so market participants may
attempt to coordinate on the Pareto superior equilibrium. Moreover, only the lowest-
price crossing of average cost and demand is an equilibrium under the standard strategic
equilibrium concept in Einav, Finkelstein, and Cullen (2010). Thus, in applications, a re-
searcher may choose to select Pareto dominant equilibria, as commonly done in dynamic
oligopoly models and cheap talk games.

While this selection is sometimes compelling, we note that multiple equilibria are a
standard feature of Walrasian models. There is experimental evidence that multiple equi-
libria are observed in competitive markets where supply is downward sloping (Plott and
George (1992)). In markets with adverse selection, Wilson (1980) pointed out the poten-
tial multiplicity of equilibria, and Scheuer and Smetters (2014) used multiple equilibria to
study how market outcomes depend on initial conditions.”

4.5. Relationship to the Literature

Our price-taking approach is reminiscent of the early work by Akerlof (1970) and
Spence (1973). Multiplicity of weak equilibria is well-known since Spence’s (1973) analy-
sis of labor market signaling.

The literature addressed equilibrium multiplicity in three ways. One strand of the
literature employed game-theoretic equilibrium notions and restrictions on consumer
heterogeneity, typically in the form of ordered one-dimensional sets of types. This is
the case in the competitive screening literature, initiated with Rothschild and Stiglitz’s
(1976) Bertrand game, which led to the issue of non-existence of equilibria. Subsequently,
Riley (1979) showed that Bertrand equilibria do not exist for a broad (within the one-
dimensional setting) class of preferences, including the standard Rothschild and Stiglitz

YMoreover, game theorists debate whether selecting Pareto dominant equilibria is reasonable, and when
well-motivated refinements produce this selection (see Chen, Kartik, and Sobel (2008) for a discussion of this
issue in cheap talk models). Unfortunately, these refinements do not immediately select Pareto efficient equi-
libria in our model. The most closely related paper is Ambrus and Argenziano (2009), who applied “Nash
equilibrium in coalitionally rationalizable strategies” to a two-sided markets model. Their refinement guaran-
tees, for example, that consumers do not all coordinate on an inferior platform. However, in Example 1, the
coordination failure depends on both consumer and firm behavior. Moreover, firms are indifferent between
all equilibria, because they earn zero profits. Thus, the Ambrus—Argenziano approach does not rule out the
Pareto dominated equilibria in our setting.
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model with a continuum of types. Wilson (1977), Miyazaki (1977), Riley (1979), and
Netzer and Scheuer (2014), among others, proposed modifications of Bertrand equilib-
rium so that an equilibrium exists. It has long been known that the original Rothschild and
Stiglitz game has mixed strategy equilibria, but only recently Luz (2017) has characterized
them.?

The literature on refinements in signaling games shares the features of game-theoretic
equilibrium notions and restrictive type spaces. In order to deal with the multiplicity of
price-taking equilibria described by Spence, this literature modeled signaling as a dy-
namic game. However, since signaling games typically have too many sequential equi-
libria, Banks and Sobel (1987), Cho and Kreps (1987), and several subsequent papers
proposed equilibrium refinements that eliminate multiplicity.

Another strand of the literature considers price-taking equilibrium notions, like our
work, but imposes additional structure on preferences, such as Bisin and Gottardi (1999,
2006), following work by Prescott and Townsend (1984). Most closely related to us is the
work of Dubey and Geanakoplos (2002) and Dubey, Geanakoplos, and Shubik (2005).
Dubey and Geanakoplos (2002) introduced a general equilibrium model where con-
sumers have different endowments in different states of the world and may join “com-
petitive pools” to share risk. They wrote the Rothschild and Stiglitz setup as a particular
case of their model. Dubey, Geanakoplos, and Shubik (2005) considered a related model
with endogenous default and non-exclusive contracts. Both papers address multiplicity
of equilibria with a refinement where an “external agent” makes high deliveries to each
pool in every state of the world. This refinement is similar to our approach in the case of
a finite number of contracts. There are three main differences with respect to our work.
First, we consider more general preferences, which can accommodate richer preference
heterogeneity as in Example 3. Moreover, our model dispenses the specification of pools
and endowments, making it considerably easier to work with. Second, we allow for con-
tinuous sets of contracts, as in Examples 2 and 3. To do so, we generalize the equilibrium
refinement, make the key assumption of bounded marginal rates of substitution, and de-
velop the proof strategy of Theorem 1, which allows us to tackle the problem of defining
this kind of refinement and of proving existence with infinite sets of contracts. Third, we
introduce new analytical techniques by analyzing our examples directly in the limit, en-
abling novel applied results such as Propositions 2 and 3.

Gale (1992), like us, considered general equilibrium in a setting with less structure than
the insurance pools. However, he refined his equilibrium with a stability notion based on
Kohlberg and Mertens (1986). More recent contributions have considered general equi-
librium models where firms can sell the right to choose from menus of contracts (Citanna
and Siconolfi (2014)).

Our results are related to this previous work as follows. In standard one-dimensional
models with ordered types, our unique equilibrium corresponds to what is usually called
the “least-costly separating equilibrium.” Thus, our equilibrium prediction is the same as
in models without cross-subsidies, such as Riley (1979), Bisin and Gottardi (2006), and
Rothschild and Stiglitz (1976) when their equilibrium exists. It also coincides with Banks
and Sobel (1987) and Cho and Kreps (1987) in the settings they considered. It differs
from equilibria that involve cross-subsidization across contracts, such as Wilson (1977),

A There has also been work on this type of game with non-exclusive competition. Attar, Mariotti, and Salanié
(2011) showed that non-exclusive competition leads to outcomes similar to the Akerlof model. The game we
consider in Section 4.2 is related to the search models of Inderst and Wambach (2001) and Guerrieri, Shimer,
and Wright (2010).
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Miyazaki (1977), Hellwig (1987), and Netzer and Scheuer (2014). Our equilibrium differs
from mixed strategy equilibria of the Rothschild and Stiglitz (1976) model, even as the
number of firms increases. This follows from the Luz (2017) characterization. In the case
of a pool structure and finite set of contracts, our equilibria are the same as in Dubey and
Geanakoplos (2002).

Although our equilibrium coincides with the Riley equilibrium in particular settings,
our equilibrium exists, is tractable, and has strategic foundations in settings where the
Riley equilibrium may not exist. Our predictions are the same as the Riley equilibrium in
two important particular cases. One is Riley’s (1979) original setup with ordered types,
and the other is Handel, Hendel, and Whinston’s (2015) model, where types come from
a more realistic empirical health insurance model and are not ordered, but there are
only two contracts. In particular, our strategic foundations results lend support to the
predictions in these models. We note that, with multidimensional heterogeneity, existence
of Riley equilibrium can only be guaranteed with restrictions on preferences (see Azevedo
and Gottlieb (2016) for a simple example where a Riley equilibrium does not exist).

Another strand of the literature considers preferences with less structure. Chiappori
et al. (2006) considered a very general model of preferences within an insurance setting.
This paper differs from our work in that they considered general testable predictions with-
out specifying an equilibrium concept, while we derive sharp predictions within an equi-
librium framework. Rochet and Stole (2002) considered a competitive screening model
with firms differentiated as in Hotelling (1929), where there is no adverse selection. Their
Bertrand equilibrium converges to competitive pricing as differentiation vanishes, which
is the outcome of our model. However, Riley’s (1979) results imply that no Bertrand equi-
librium would exist if one generalizes their model to include adverse selection.

Einav, Finkelstein, and Cullen (2010), Handel, Hendel, and Whinston (2015), and
Veiga and Weyl (2016) considered endogenous contract characteristics in a multidimen-
sional framework. Einav, Finkelstein, and Cullen (2010) and Handel, Hendel, and Whin-
ston (2015) considered settings where consumers must purchase one of two insurance
products and used the Riley and Akerlof equilibrium concepts. This is a clever way to
endogenously determine what contracts are traded, albeit at the cost of a simple contract
space (two products), and the assumption that consumers are forced to buy one of the
products. A natural interpretation of our work is that we build on their insights, while al-
lowing for richer contract spaces. Veiga and Weyl (2016) considered an oligopoly model of
competitive screening in the spirit of Rochet and Stole (2002), but where each firm offers
a single contract. Contract characteristics are determined by a simple first-order condi-
tion, as in the Spence (1975) model. Moreover, their model can incorporate imperfect
competition. Our numerical results suggest that our model and Veiga and Weyl’s agree
on many qualitative predictions. For example, insurance markets provide inefficiently low
coverage, and increasing heterogeneity in risk aversion seems to attenuate adverse selec-
tion.

The key difference is that Veiga and Weyl’s model has a single traded contract, while
our model endogenously determines the set of traded contracts. In their model, when
competitive equilibria exist,” all firms offer the same contract.** In contrast, a rich set of
contracts is offered in our equilibrium. For example, in the case of no adverse selection

PPerfectly competitive equilibria do not always exist in their model. In a calibration, they find that perfectly
competitive symmetric equilibria do not exist, and equilibria only exist with very high markups.

OThis is so in the more tractable case of symmetrically differentiated firms. In general, the number of
contracts offered is no greater than the number of firms.



86 E. M. AZEVEDO AND D. GOTTLIEB

(when costs are independent of types), our equilibrium is for firms to offer all products
priced at cost, which corresponds to the standard notion of perfect competition. A color-
ful illustration is tomato sauce. The Veiga and Weyl (2016) model predicts that a single
type of tomato sauce is offered cheaply, with characteristics determined by the prefer-
ences of average consumers. In contrast, our prediction is that many different types of
tomato sauce are sold at cost: Italian style, basil, garlic lover, chunky, mushroom, and
so on. In a less gastronomically titillating example, insurers offer myriad types of life in-
surance: term life, universal life, whole life, combinations of these categories, and many
different parameters within each category. Our results on the convergence of Bertrand
equilibria suggest that the two models are appropriate in different situations. Their model
of perfect competition seems more relevant when there are few firms, which are not very
differentiated, the fixed cost of creating a new contract is high, and it is a good strategy
for firms to offer products of similar quality as their competitors, that is, when firms herd
on a particular type of contract.

5. EQUILIBRIUM EFFECTS OF MANDATES
5.1. Illustrative Calibration

To illustrate the equilibrium concept and equilibrium effects of policy interventions, we
calibrated the multidimensional health insurance model from Example 3 based on Einav
et al.’s (2013) preference estimates from employees in a large U.S. corporation.’!

We considered linear contracts and normal losses, so that willingness to pay and costs
are transparently represented by equation (2). Consumers differ along four dimensions:
expected health shock, standard deviation of health shocks, moral hazard, and risk aver-
sion. We assumed that the distribution of parameters in the population is log-normal.*
Moments of the type distribution were calibrated to match the central estimates of Einav
et al. (2013) with two exceptions. We reduced average risk aversion because linear con-
tracts involve losses in a much wider range than the contracts in their data. Lower risk
aversion better matched the substitution patterns in the data because constant absolute
risk aversion models do not work well across different ranges of losses (Rabin (2000) and
Handel and Kolstad (2015)). The other exception is the log variance of moral hazard,
which we vary in our simulations.*

To calculate an equilibrium, we used a perturbation with 26 evenly spaced contracts
and added a mass equal to 1% of the population as behavioral consumers. We then used a
fixed-point algorithm. In each iteration, consumers choose optimal contracts taking prices
as given. Prices are adjusted up for unprofitable contracts and down for profitable con-
tracts. Prices consistently converge to the same equilibrium for different initial values.

The equilibrium is depicted in Figure 3(a). It features adverse selection in the sense
that consumers who purchase more coverage have higher average losses. As Figure 3(b)
illustrates, consumers sort across contracts in accordance to their preferences, and those

31Qur simulations are not aimed at predicting the outcomes in a particular market as in Aizawa and Fang
(2013) and Handel, Hendel, and Whinston (2015). Such simulations would take the Einav et al. (2013) esti-
mates far outside the range of contracts in their data, so even predictions about demand would rely heavily on
functional form restrictions.

32Note that the set of types is not compact in our numerical simulations. Restricting the set of types to a
large compact set does not meaningfully impact the numerical results.

33See Supplemental Material Appendix B for details on the calibration and computational procedures and
the Supplemental Material for calibrations with more realistic nonlinear contracts similar to those in Einav
et al. (2013).
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with a higher expected loss and higher risk aversion tend to buy more coverage. However,
even for the same levels of risk aversion and expected loss, different consumers choose
different contracts due to other dimensions of heterogeneity.

Although there is adverse selection, equilibrium does not feature a complete “death
spiral,” where no contracts are sold. In some other cases, however, the support of traded
contracts is a small subset of all contracts (e.g., in our calibration with nonlinear con-
tracts in the Supplemental Material). Whenever this is the case, buyers with the highest
willingness to pay for each contract that is not traded value it below their own average
cost (Proposition 1). That is, the markets for non-traded contracts are shut down by an
Akerlof-type death spiral.

5.2. Policy Interventions in the Illustrative Calibration

This section investigates the effect of a mandate requiring consumers to purchase at
least 60% coverage. Equilibrium is depicted in Figures 1 and 4(a). With the mandate,
about 85% of consumers get the minimum coverage. Moreover, some consumers who
originally chose policies with greater coverage switch to the minimum amount after the
mandate. In fact, the mandate increases the fraction of consumers who buy 60% coverage
or less, as only 80% of consumers did so before the mandate.

The reason why some consumers reduce their coverage is that the mandate exacerbates
adverse selection on the intensive margin. With the mandate, many low-cost consumers
purchase the minimum coverage. This reduces the price of the 60% policy, attracting con-
sumers who were originally purchasing more generous policies. In equilibrium, consumers
sort across policies so that prices are continuous (as must be the case by Proposition 1).
This leads to a lower but steeper price schedule, so that some consumers choose less
coverage.

Consider now the welfare measure consisting of total consumer and producer surplus.
Despite the unintended consequences, the mandate increases welfare in the baseline ex-
ample by $140 per consumer. This illustrates that competitive equilibria are inefficient (in
the sense of not maximizing total surplus), and that even coarse policy interventions can
have large benefits.**
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—No Mandate - Prices —Equilibrium Prices
° No Mandate — Losses ° Equilibrium Losses
—Mandate - Prices | —Optimum Prices o /O
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FIGURE 4.—Equilibrium prices with a 60% mandate (a) and optimal prices (b). Notes: The graphs plot
equilibria of the multidimensional health insurance model from Example 3. In both graphs, the solid curve
denotes prices. The size of the circles represents the mass of consumers purchasing each contract, and its
height represents the average loss parameter of such consumers, that is, E,[M].

3While we focus on total surplus as a welfare measure, as does much of the applied literature, con-
strained Pareto efficiency is also an important concept in the study of markets with adverse selection.
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TABLE I
WELFARE AND COVERAGE UNDER DIFFERENT SCENARIOS?

0% =028 o2, =098
Equilibrium Efficient Equilibrium Efficient
X Welfare E[x] Welfare E[x] Welfare E[x] Welfare E[x]
[0, 1] 0 0.46 279 0.8 0 0.43 366 0.84
[0.60, 1] 140 0.62 280 0.8 191 0.61 363 0.84
0,0.90 101 0.66 256 0.9 131 0.63 355 0.9
0.60, 0.90 128 0.62 263 0.83 175 0.61 355 0.9
0, 0.60, 0.90 63 0.53 263 0.83 86 0.51 355 0.9

aThe table reports the welfare gain relative to an unregulated market with X = [0, 1] (normalized to 0). When the set of contracts
includes an interval, we added a contract for every 0.04 coverage. Welfare is optimized with a tolerance of 1% gain in each iteration.
Due to this tolerance, calculated welfare under efficient pricing is slightly higher with X =[0.60, 1] than with X = [0, 1], but we know
theoretically that these are at most equal.

We calculated the optimal price schedule for a regulator that maximizes welfare, can
use cross subsidies, but does not possess more information than firms (Figure 4(b)). The
optimal price schedule is much flatter than the unregulated market or the mandate. That
is, optimal regulation involves subsidies across contracts, aimed at reducing adverse se-
lection on the intensive margin. Optimal prices increase welfare by $279 from the unreg-
ulated benchmark.

We considered variations of the model to understand whether the results are represen-
tative. Expected coverage and welfare are reported in Table I for different sets of con-
tracts and log variances of moral hazard. Equilibrium behavior is robust to both changes.
For example, a 60% mandate in a market with 0%, 60%, and 90% policies also increases
welfare. In all cases, optimal regulation considerably increases welfare with respect to the
60% mandate.®

Finally, the variance in moral hazard does not have a large qualitative impact on equi-
librium, but considerably changes optimal regulation. For example, when X = [0, 1], the
optimal allocation in the high moral hazard variance scenario gives about 84% cover-
age to all consumers, which is quite different from the rich menu in Figure 4(b). The
reason is that consumers with higher moral hazard tend to buy more insurance, but it is
socially optimal to give them less insurance. Therefore, a regulator may give up screening
consumers.*® More broadly, this numerical result shows that the relative importance of
different sources of heterogeneity can have a large impact on optimal policy. Therefore,

Crocker and Snow (1985) showed that, in the Rothschild and Stiglitz model, the Miyazaki—Wilson equilibrium
is constrained Pareto efficient in that its allocations maximize the low-risk type’s utility subject to incentive
and zero profits constraints. The Riley equilibrium, which coincides with competitive equilibrium in the Roth-
schild and Stiglitz model, is only constrained efficient when it coincides with Miyazaki—Wilson. Therefore, in
our model, equilibria may be constrained Pareto inefficient. As Einav, Finkelstein, and Schrimpf (2010) have
shown, mandates may decrease welfare.

33We also replicate the result in Handel, Hendel, and Whinston (2015) and Veiga and Weyl (2014) that the
markets with only 60% and 90% contracts almost completely unravel, suggesting that our results are not driven
by details of the parametric model.

%To understand why the regulator may prefer not to screen consumers, notice that the first-best coverage
for consumer 6 can be calculated by equating marginal utility and marginal cost, which gives

L AS
T A2+ H,
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taking multiple dimensions of heterogeneity into account is important for government
intervention.

5.3. Theoretical Results

To clarify the main forces behind the calibration findings, we derive two comparative
statics results on the effects of increasing a mandate’s minimum coverage. First, if there is
selection, the mandate necessarily has knock-on effects. The intuition is that the mandate
changes relative prices, which induces consumers to change their choices. For example,
if there is adverse selection, the inflow of cheap consumers decreases the price of low-
quality coverage, inducing some consumers who are not directly affected by the mandate
to change their choices. Second, we give a sufficient statistics formula for the effect on the
price of low-quality coverage. The formula predicts the sign and magnitude of the change,
while using only a small amount of data from the original equilibrium. The formula pre-
dicts, in particular, that prices go down if there is adverse selection.

5.3.1. Knock-on Effects

Consider economies where the set of contracts is an interval X = [m + dm, 1] with
0 <m <m+dm < 1. Utility is quasilinear and higher contracts are better and more
costly. A regulator mandates a level of minimum coverage m + dm. We are interested in
how equilibrium changes as the regulator changes dm, increasing the minimum coverage.
Consider, for every sufficiently small dm > 0, an equilibrium ( py,,, @gn)-

Instead of making parametric assumptions, we require some regularity conditions on
the original equilibrium. Assume that the marginal distribution of contracts according to
oy, 18 represented by a distribution G,,. We denote Gy by G, p, by p, and ¢ by . G has
a point mass at minimum coverage with G(m) > 0, p,, is continuous, and both G and
p are continuously differentiable at m. Consumer choices are described by a function
X(0, dm). That is, the allocation ay,, is

agn(F)=p({6: (0, 2(0,dm)) € F}).

We assume that consumers who purchased minimum coverage for dm = 0 continue to do
so after minimum coverage increases, and that the original optimal choice is unique for
consumers purchasing sufficiently low coverage.

Define the intensive margin selection coefficient at minimum coverage as

Si(m) = p'(m) — E,,[mc].

This coefficient corresponds to the cost increase per additional unit of coverage minus
the average marginal cost of a unit of coverage. In other words, S;(m) is the increase in
costs due to selection. This coefficient is positive if, locally around the contract m, con-
sumers who purchase more coverage are more costly, and it is negative if consumers who
purchase more coverage have lower costs. Thus, S;(m) is closely related to the positive

This expression is decreasing in the moral hazard parameter. All things equal, the social planner prefers to
provide less coverage to consumers who are more likely to engage in moral hazard. However, consumers with
higher moral hazard parameters always wish to purchase more insurance. Hence, if all heterogeneity is in
moral hazard, the planner prefers not to screen consumers and, instead, assigns the same contract to everyone.
This phenomenon has been described by Guesnerie and Laffont (1984) in one-dimensional screening models,
who called it non-responsiveness.
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correlation test of Chiappori and Salanié (2000). It is natural to say that there is adverse
selection around m if S;(m) is positive, and advantageous selection if S;(m) is negative.

The next result shows that, if there is selection, mandates must have knock-on effects,
as in the unintended consequences found in the calibrations.

PROPOSITION 2—Knock-on Effects of Mandates: Consider the effects of a small increase
in minimum coverage, and assume that there is selection in the sense that the intensive margin
selection coefficient at m, S;(m), is not zero.

Then there are changes in the relative prices of contracts. Moreover, there is a positive mass
of consumers who change their choices beyond the direct effect of the mandate. That is, there
is a positive mass of consumers whose choice after the mandate is not their preferred contract
in [m + dm, 1] under pre-mandate prices p.

Proposition 2 shows that a mandate affects prices and coverage decisions, beyond the
direct effect of restricting coverage choices. To understand the intuition, consider the case
of adverse selection, when S;(m) > 0. The mandate drives cheap consumers into the con-
tract with the minimum coverage, so the direct effect of the mandate is to reduce the
price of the minimum coverage contract. If consumers who previously purchased better
contracts did not change their choices after the mandate, the prices of these better con-
tracts would remain the same (since each contract must break even). But this would imply
that prices are discontinuous, contradicting Proposition 1.

5.3.2. Sufficient Statistics Formula for the Effect of Mandates on Prices

The next result requires some regularity conditions on how equilibrium changes with
dm. We assume that equilibrium prices and allocations vary smoothly, consumer types are
smoothly distributed, and consumers change their choices continuously.

We formalize these assumptions as follows. p,,(x) is a smooth function of x and dm.
X(6, dm) is continuous, and is smooth when x > m + dm. G, has a point mass at min-
imum coverage with G,,,(m 4+ dm) > 0 and is otherwise atomless with smooth density
8dm-

For each consumer 6 and contract x, define the intensive margin elasticity of substitu-
tion as

‘ mu(x, 0)
Fextt(x,0) — p'(x)

This elasticity represents, for consumers choosing an interior optimum, the percent
change in optimal coverage given a one percent increase in marginal prices. We assume
that the joint distribution of elasticities, costs, and marginal costs is atomless and varies
continuously with contracts. That is, the joint distribution of (e(x, 6), c(x, 6), mc(x, 0))
conditional on & and a contract x is represented by a smooth density A(-|x). Moreover,
h(-|x) varies smoothly with x for x > m.

1
S(X, 0) = ;

PROPOSITION 3—Effect of Mandates on Equilibrium Prices: Consider the effects of a
small increase in minimum coverage from m to m + dm. The change in prices close to min-
imum coverage equals the negative of the intensive margin adverse selection coefficient plus
an error term, that is,

)}glrln Aam Pam(X)|am=o = —S1(m) + &,

where the error term § is given by equation (9) in the Appendix.
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If there is adverse selection, and if the error term & is small, then the level of prices goes
down, pushed by the inflow of cheaper consumers who originally purchased minimum cov-
erage. The error term & is small if there are many consumers initially purchasing minimum
coverage so that g(m)/G(m) is small.

The proposition provides a sufficient statistics formula for how much the price of low-
quality coverage changes with the introduction of a mandate. The intuition is that prices
are shifted by the inflow of consumers who are constrained to purchase minimum cover-
age in the original equilibrium. If there is adverse selection, these consumers are cheaper
and push down the price of low-quality coverage, while if there is advantageous selection,
these consumers are more expensive and push up the price of low-quality coverage.®’

6. CONCLUSION

This paper considers a competitive model of adverse selection, which has a well-defined
equilibrium in settings with rich heterogeneity and complex contract spaces and has
strategic foundations. Competitive equilibrium extends the Akerlof (1970) and Einav,
Finkelstein, and Cullen (2010) models beyond the case of a single contract, endogenously
determining which contracts are traded with supply and demand.

An interesting set of questions is to what extent competitive equilibria are inefficient,
and what kinds of government interventions can restore efficiency. The illustrative cal-
ibration shows by example that equilibria can be inefficient (in the sense of not maxi-
mizing total surplus), and that even simple policies like mandates can considerably in-
crease efficiency. Moreover, optimal policies that also address adverse selection on the
intensive margin can further increase efficiency. This is in concert with the view of regu-
lators, who often implement policies aimed at affecting contract characteristics, and with
Einav, Finkelstein, and Levin (2009), who have suggested that these characteristics may
be important. We leave a detailed analysis of optimal interventions and how they relate
to commonly used policies to future work.

It would be interesting to test how well our competitive equilibrium notion predicts
behavior in markets with adverse selection and to test it against alternative models. For
example, in the case of one dimension of heterogeneity, there is considerable controversy
over what a reasonable equilibrium notion is, despite many alternatives such as those
proposed by Riley (1979) and Miyazaki (1977)-Wilson (1977). Unfortunately, these equi-
libria are defined in more restrictive settings, so one cannot compare predictions in richer
settings like our calibrated example. It would be interesting to extend these equilibrium
notions to richer settings and compare their predictions to competitive equilibria.

3"We can gauge the accuracy of the approximate formula in the calibrated 60% mandate example, where
S;(m) equals 5,385 (measured in $/100% coverage), so that there is a large amount of adverse selection at the
lowest level of coverage. Proposition 3 predicts that each 1% increase in minimum coverage should decrease
prices by $54. To test this, we calculated the equilibrium of an economy with minimum coverage set at 64%
instead of 60%. The price of the contract offering 64% coverage went down by $183, which is close to the
0.04 - S;(m), or $215, as predicted by Proposition 3. The approximation depends on there being a large mass of
consumers purchasing minimum coverage. To evaluate the robustness of the formula, we simulated an increase
in minimum coverage from 40% to 44%, where only 55% of consumers purchase minimum coverage. The
decrease in prices predicted by Proposition 3 is $135, while the actual change is $80. While this approximation
is less accurate, it is still useful, given the low data requirements of the formula.
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APPENDIX: PROOFS
Existence of Equilibrium

The proof of Theorem 1 follows from three lemmas. The first uses a standard fixed-
point argument to show that every perturbation has a weak equilibrium, the second es-
tablishes that price vectors in any perturbation are uniformly Lipschitz, and the third uses
this fact to show that every sequence of weak equilibria of perturbations has a converging
subsequence. Fix an economy E = [0, X, u].

LEMMA 1: Every perturbation has an equilibrium.

PROOF: Preliminaries. B B B
Consider the perturbation (E, X, ). Let & € A((® U X') x X)) denote the allocation of
behavioral types. That is, for each x € X,

a(x, x) = n(x),

and « has no mass in the complement of these points. Letting a denote the allocation
of standard types, we will write an allocation as « + a, which has support contained in
(PUX)x X and «|O@ = p.

Let A be the set of all allocations for standard types with the topology of weak conver-
gence of measures. That is,

A={aeA((OBUX)x X):support(a) €O x X, a|0® = p}.

Let P be the set of all prices vectors in (convex closure of the image of ¢)* with the stan-
dard Euclidean topology.
We define a titonnement correspondence

T:Px A= P x A.

The tatonnement is defined in terms of two maps,
T(p,a)=P(a) x ¥(p),

where

D(a)={peP:p(x)=Ecla+a]Vxe X}, and
V(p) :argma}/ Ul(x, p(x), 6) da.

That is, given an allocation «, @ (a)(x) is the expected cost of supplying contract x. Given
p, Y(p) is the set of allocations for the standard types where they choose optimally
given p.

The fixed points of T correspond to the equilibria of the perturbation. To see this,
note that p € ®@(«) is equivalent to firms making 0 profits, and a € ¥(p) is equivalent
to the standard types optimizing. Therefore, (p*, «*) is a fixed point of 7T if and only if
(p*, a*+ &) is an equilibrium. We will now prove the existence of a fixed point. The proof
has three steps.
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Step 1: @ is nonempty, convex valued, and has a closed graph.
To establish that it has a closed graph, consider a sequence (", p"),ey in the graph of @
with limit (e, p). We will show that p(x) is a conditional expectation of cost given « + a.

To see this, take an arbitrary set S C X.LetS= (OUX) x S. We have

fp(x)d(a +a)= ZP(X) [a(0 x x) + n(x)]
N

xeS§

=lim »  p"(x) - [a"(@ x 1) + n(x)]

xe$§

n—o0

=lim | p"(x)d(a" +a)
N

= lim | ¢(x, 0)da"

n—oo S

= /:c(x, 0)da.
3

The first and third equations follow from decomposing the integral as a sum. The second
follows from the convergence of (p”, o). The fourth is derived from the definition of
conditional expectation and the fact that p” is a conditional expectation of costs under
a" + a. The fifth follows from the fact that ¢ is continuous and «” converges weakly to a.
Convex-valuedness and non-emptiness follow directly from the definition of .

Step 2: ¥ is nonempty, convex valued, and has a closed graph.

To see that it has a closed graph, consider a sequence ( p", &"),y in the graph of ¥ with
limit (p, ). For any o € A, we have

/U(x,p"(x),e) da’(O,x)fo(x,p"(x),()) da (0, x).

Taking the limit, we have

/U(x, p(x),0)da' (6, x) < / U(x, p(x), 0) da(0, x).

The LHS limit follows from the Dominated Convergence theorem. To see the conver-
gence of the RHS term, it is helpful to decompose it as

/ U(x, p"(x),0) = U(x, p(x), 6) da" (6, x)
—I—/U(x,p(x), 6) da’" (6, x).

The first integrand converges to 0 uniformly in x and 6 because X is finite, and hence
p" converges uniformly to p, and because the continuous function U is uniformly con-
tinuous in the compact set where prices belong to the image of c. Therefore, the first
integral converges to 0. The second integral converges to 0 by the continuity of U and
weak convergence of «” to a.

V¥ is nonempty because X is finite, and therefore U(x, p(x), 0) attains a maximum for
every 6. Convexity follows from the definition of V.



94 E. M. AZEVEDO AND D. GOTTLIEB

Step 3: Existence of a fixed point.

The claims about @ and ¥ imply that 7 is convex valued, nonempty, and has a closed
graph. We have that the set P x A4 is compact, convex, and a subset of a locally convex
topological vector space. Therefore, by the Kakutani-Glicksberg—Fan theorem, 7 has a
fixed point. Q.E.D.

The next result shows that, in a weak equilibrium of a perturbation, prices are a Lips-
chitz function with constant L. The intuition is that, if prices of similar contracts differed
too much, no consumer would be willing to purchase the most expensive contract.

LEMMA 2: Let (p*, a*) be a weak equilibrium of a perturbation. Then p* is an L-Lipschitz
function.

PROOF: Consider two contracts x, x'. Assume, without loss of generality, that p*(x) >
p*(x’). In particular, p*(x) > 0, and therefore there exists a standard type 6 who prefers
x to x'. That is, there exists # € @ such that

U(x, p*(x), 0) = U(x', p*(x'), ).

The assumption that marginal rates of substitution are bounded then implies

pr(x)—p*(x)| <d(x,x)- L. Q.E.D.
The next lemma uses this observation to show that every sequence of perturbations of
economy E has a subsequence of equilibria that converges to an equilibrium of E.

LEMMA 3: Consider a sequence of perturbations (E, X", 7")nen converging to E with
weak equilibria (p", &"),en. Then (p", a™"),en has a subsequence that converges to an equi-
librium (p*, o*) of E. Moreover, p* is L-Lipschitz.

PROOF: We begin by defining «* and p*. First note that the set of allocations is com-
pact. Therefore, without loss of generality, passing to a subsequence, we can take ("),cn
to converge to a measure a* € A((@ U X) x X). Moreover, the support of * is contained
in @ x X, and o*|O@ = u.

_As for p*, take, for each n, a function p" with domain X, which coincides with p” in
X and is L-Lipschitz. Lemma 2 and Theorem 6.2 of Heinonen (2001, p. 43) guarantee
the existence of these functions. Without loss of generality, passing to a subsequence, we
may take the sequence (p"),.y to converge pointwise to a limit p*. Note that, because
the sequence (p"),cy is uniformly L-Lipschitz, it is equicontinuous. By the Arzela—Ascoli
theorem, the sequence converges uniformly to p*. This implies convergence in the sense
of Definition 4 and the Lipschitz property. QE.D.

Note that the previous lemma directly implies Theorem 1.

PROOF OF THEOREM 1: Take any sequence of perturbations of economy E. By
Lemma 3, there exists a subsequence with a converging sequence of equilibria. Hence,
the limit of this sequence is an equilibrium of E. Q.E.D.
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Properties of Equilibria
We begin by establishing two of the properties in Proposition 1.

LEMMA 4: Every equilibrium is a weak equilibrium.

PROOF: Consider an economy E = [@, X, u] with an equilibrium (p*, a*), and a se-
quence of perturbations (E, X", n"),y converging to E with weak equilibria (p”, &"),en
converging to (p*, a*).

To verify that prices are a conditional expectation of the cost, take a measurable set of
contracts S € X. Let S = (U X) x S. Let p" be an L-Lipschitz function extending p" to
X, which exists by the argument in the proof of Lemma 2. We have

/p*(x)da*: lim/ﬁ”(x)da”
S n—oo Jg

=lim [ c(x, 0)da"

n— oo Sv
= ﬁc(x, 0)da*.
S

The first equality follows because (a"),cy converges weakly to a*, and (p"),ny converges
uniformly to p*. The second equality follows because p” is the conditional expectation of
¢ given «”. The third equation follows because c is continuous and " converges weakly
to a*. From this argument, p* is the conditional expectation of ¢ under the measure o*.

To see that consumers are optimizing, take an allocation «'. Since (p”, ") are weak
equilibria, for all » we have

/ U(x,fa”(x),@)da”z/ U(x, p"(x), 0)do.
OxX OxX

Because (p"),cn converges uniformly to p* and U is uniformly continuous on the relevant
set, we can take limits on both sides, obtaining

/ U(x,p*(x),@)da*Z/ Ul(x, p*(x), 8) do’.
OxX OxX

Because this inequality holds for any «’, we have that, for a*-almost every (6, x),

U(x, p*(x), 8) =supU(x', p*(x'), 6),

x'eX

as desired. O.E.D.

LEMMA 5: Consider an equilibrium (p*, o*) of an economy E. Let x' be a contract with
p*(x") > 0. Then there exists (0, x) in the support of a such that

(3) U(x, p*(x),0) =U(x, p*(x'), 6)

and

c(x', 6) = p*(x).



96 E. M. AZEVEDO AND D. GOTTLIEB

PROOF: Take a sequence of perturbations (E, :)_( " Nn")nen converging to E with equi-
libria (p", @) converging to (p*, «*). Take x” € X" converging to x’. Since p"(x") con-
verges to p*(x’) > 0, we must have p"(x™) > 0 for sufficiently large ». This implies that
there exists a standard type 6" such that (6", x™) is in the support of &". Moreover, we can
take 6" so that c(x™, 8") > p"(x™). We can take a subsequence such that 6" converges to
a type 6 because the set of types is compact. Take (6, x) in the support of o*, so that x
is optimal for 6 at prices p*. Take a sequence (x"),cy With each x” € X" converging to x.
Since x™ is optimal for 6" in the perturbation, for all sufficiently large n we have

U(x™, p"(x™), 0") = U(x", p"(x"), 6").
Taking the limit, we have
U(x', p*(x'), 0) = U(x, p*(x), ).
This implies equation (3) because x is optimal for 6 at prices p*. Moreover, we have
c(x”,0") = p"(x").
Taking the limit, we have c(x’, 0) > p*(x'). Q.E.D.
We can now establish Proposition 1.

PROOF OF PROPOSITION 1: Parts 1, 2, and 3 follow from Lemmas 4, 5, and 3. Part 4
follows from part 3 and Rademacher’s theorem. QE.D.

Finally, we can use the proposition to derive Corollary 1. The indifference curve of type
0 going through (x, p) is

{(x, p): Ux, p,6) =U(%, p, 0)}.
The zero-profits curve for type 0 is the set of contracts-price pairs for which firms make
no profits, or

{(x,p): p=x-1- 0}.
The proof uses two properties of the Rothschild and Stiglitz setting. For each 6, the slope
of the indifference curve,
dp 16v(W —p—(1—x))

(4) = ; ; >
dx |y po-vipe OV(W—p—1A=x))+ 1=V - p)

is greater than the slope of the zero-profits curve, /6. Moreover, the slope of the indiffer-
ence curve is increasing in 6.

PROOF OF COROLLARY 1: The proof is divided into four steps.

Step 1. There is no contract x* > 0 that is purchased by a positive mass of both types.

Suppose both types buy x* > 0 with positive probability, so its price exceeds the cost of
serving low types:

p(x*)>x*-1-L.
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Since low types have flatter indifference curves than high types, they must be indifferent
between buying x* and x < x*, which must have prices weakly below type L’scost x - /- L
(Proposition 1, Property 2). But, since p is continuous, this is not possible for x sufficiently
close to x*.

Step 2. Every traded contract is sold at actuarially fair prices.

The null contract must cost zero, which equals both types’ cost. For non-null contracts,
step 1 implies that the price of each traded contract must equal the cost of the type pur-
chasing it.

Step 3. If H = 1, then p(x) =1- x and all low types purchase the null contract.

From step 2, a contract x* chosen by the high type costs p(x*) =/ - x*. For high types to
pick x*, any other contract x must cost at least / - x. But, at these prices, low types prefer
the null contract. Then, by Proposition 1, the price of non-traded contracts lies on the
high type’s indifference curve: p(x) =1 x.

Step 4. If H < 1, then high types always buy xy = 1 and low types always buy x;, where
X is defined as the point on the low type’s zero-profit curve that gives the high type the same
utility as the full insurance contract (see Figure 2(b)).

Let xy be a contract chosen by type H with positive probability. For type L not to
choose xy, it must be above L’s indifference curve associated with his equilibrium util-
ity. Since lower types have flatter indifference curves, Proposition 1 implies that H is
indifferent between xy and x > x5 and prices of all such x are weakly below H’s cost
(with equality at x;). But this is not possible when x; < 1 because indifference curves
are steeper than the zero-profits curve. Therefore, high types always buy full insurance:
Xy = 1.

Suppose the low type picks x* with positive probability. From step 2, x* is sold at the
actuarially fair price for L. For type H not to choose x*, we must have x* < x;.If x* < x,
then H gets a strictly lower utility from contracts in a neighborhood of x* than from buy-
ing full insurance. Then, type L must be indifferent between all contracts in this neigh-
borhood and prices must be weakly lower than type L’s cost (with equality at x*). But this
is not possible for x > x* because indifference curves are steeper than the zero-profits
curve. Thus, x* = x;. O.E.D.

Equilibrium Effects of Mandates

PROOF OF PROPOSITION 2: Let g be the density of G. To reach a contradiction, assume
that, after the increase in minimum coverage, almost all consumers choose a contract that
is optimal in the set [m 4+ dm, 1] under the original prices. For sufficiently small dm, for
consumers with x(6,0) < m + dm, we have that x(0, dm) = m + dm. This follows from
the assumption that optimal choices are unique in the original equilibrium, compactness
of the sets of types and contracts, and the fact that p,,, varies continuously. All other
consumers do not change their choices. Thus,

m+dm
/ p(m+dm)-g(x)dx +E,[c(m+dm, 6)] - G(m)

X=m

dm) =
Pam(m +dm) G+ dm)

By Leibniz’s rule, the derivative of the numerator at dm = 0 equals p(m)-g(m)+E,,[mc]-
G (m). Using the product rule, we have that

AamPam(m + dm)|g—o = E, [mc].



98 E. M. AZEVEDO AND D. GOTTLIEB

Therefore,
dim{ Pam(m +dm) — p(m +dm)}|, _ =E,[mc] — p'(m) =—58;(m).

Using the assumption that the mass of consumers with x(8, 0) > m + dm and (6, dm) #
x(6,0) is 0, we have that

Pam(x) = p(x)

for x > m 4+ dm. This implies that p,,(-) is discontinuous, contradicting Proposi-
tion 1. Q.E.D.

The proof of Proposition 3 uses some additional notation. In this section, conditional
expectations E, and covariances Cov, of functions of elasticities, costs, and marginal costs
are defined pointwise with respect to 4. We denote the right limits of the moments below
as

E,[f1= lim E,[f], and
Cov/ [fl= lirp Cov,[f].

The proof strategy is to calculate how much prices change, d ,, psm(x), based on how
consumers change their choices. Consumers change their choices based on changes in
prices, dq, p(x), and marginal prices, dy,, ply,,,(x). Thus, assuming that consumers optimize
and that prices equal average cost gives us a differential equation relating the change in
the price function, d,, p..(x), with its derivatives with respect to x. In particular, this
differential equation will give us a good approximation for the change in the level of
prices close to minimum coverage.

We begin by noting that, by consumers’ first-order condition, for any consumer pur-
chasing coverage greater than m we have

. (9dmp,dm(5&(0’ 0)) |dm:0 .
P'(%(6,0))

Let I = [m + dm, x], where x > m. We will first calculate formulas for the change in
the demand and total price paid for contracts in /.

x(6,0).

&dm-fe(ey dm)|dm:0 = ‘9(5&(6, 0); 9)

CLAIM 1: For x > m,

. admpiim(x”dm:()

) -x-E. €]

&dedm(x)ldm:O = _g(x)

PROOF: We have that

de(x) :/ 1dadm
(y,0)elxO

=f 1{x(6,dm) < x}da
(y,6)

:/ 1{2(0,dm)—y+y§x}da,
3,0
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where 1 is the indicator function. Moreover, by the assumption that consumers who orig-
inally purchased minimum coverage continue to do so, we have

de(x):f 1{x(0,dm) —y+y < x}da+ G(m).
(y,0)e(m,11xO

We can substitute x(6, dm) — y with the derivative of x, and the total error in the
integral is bounded above by a term of order dm?, because G is atomless for y > m.
Substituting the derivative, we get

de(x):/ 1{34n%(6,0) -dm +y < x} da + G(m) + O(dm’).
(y,0)e(m,11xO

Substituting the formula for the derivative of x with respect to the elasticity, we get

(9 m ! m=l
de(x)z/ l{e(y,a)-w-y-dmjtyfx}da
5,0)e(m,11x0 Py

+ G(m) 4+ O(dm?).
This integrand only depends on the joint distribution of elasticities and contracts. Thus

we can evaluate it using the distribution of contracts and the conditional distribution of
elasticities. That is,

de(x):/ d(€, ¢, ’ﬁc)/dyg(y).h(é, ¢, mcly)
I{E; . M
JA0))
+ G(m) 4+ O(dm?).

-y-dm—i—yfx}

The inner integral integrates y from m to the implicit solution of

= Fam Py (V) am=o
8 -« —_—

- y-dm+y=x.
P

Using the implicit function theorem, we can see that the derivative of the upper limit of
integration of y with respect to dm evaluated at dm =0 is

:. é)dmpiin/,(dem:O x
p(x)

We can now evaluate the derivative of G, (x) using Leibniz’s rule. We have

FamGam(x) = —/ d(3, &, mic) g(x) - (8, &, niclx) - 5 . rPamDlanzo
p(x)
, JamDam ) am=

=8 p'(x) X Edel Q.E.D.
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CLAIM 2: Define the total expenditures on contracts in I as

Pdm(x) = / pdm(y) dadm-
(y,0)elxO

We have that, at dm =0, and x > m,
&dedm(dem:O = G(m) : ]Em[mc]
* é)dmp;l (y)|dm:0
+ (y) —=— .y . E,[mc - eld
/y=mg Y Py Y Y
‘ Aam Py (X) lam=0

—8 P'(x)

-x-Ec- el
PROOF: Because prices equal average costs in equilibrium, we have
Pyp(x) = f c((0,dm), 6) - 1{%(0, dm) < x} da.
,0)
We can decompose this integral into

6) P = [ 3,0 130, am) < x}da
(y,0)

+f (c(x(6,dm), 6) — c(y, 0)) - 1{%(6, dm) < x} da.
(,0)

These two terms decompose the change in total prices paid in two components. The first
term of (5) contains the change due to consumers entering or leaving the interval I as
prices change. In particular, calculating the derivative of the integral using the same ar-
gument as in Claim 1 gives
&dm/ c(y, 0)-1{x(8,dm) < x} da =—g(x)- admpd”f—(x)'dm:() -x-E,[e-c].
) dm=0 p(x)

The second term of (5) contains the change due to consumers who change their cover-
age. We can decompose it into consumers who originally purchased minimum coverage,
and consumers who purchased an interior level of coverage. That is, the second term of
(5) equals

(6) / (c(£(0,dm), 6) — c(m, 6)) - 1{x(8, dm) < x} da|,,(6)
0cO

+/ (c(x(6,dm), 0) — c(y, 0)) - 1{x(0, dm) < x} da.
(y,0):y>m

The derivative of the first term of (6) is simple to calculate. We assumed that consumers
who originally purchased minimum coverage continue to do so after the increase in min-
imum coverage. Thus, if minimum coverage increases by dm, these consumers increase
their allocations by dm. Therefore, the derivative of the first term with respect to dm
evaluated at dm =0 is

G(m)-E,[mc].
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The derivative of the second term of (6) is also straightforward. There are order of dm
consumers who do not choose an interior bundle or for whom the indicator function is
not constant. For each such consumer, the term related to the change in costs is of the
order dm. So these consumers do not affect the derivative of the second term. This means
that we can calculate the derivative of the second term considering only consumers who
always make interior choices and for whom the indicator function is constant. Thus, the
derivative of the second term of (6) equals

* Fam Dy (V) am=
/ 2(y) am Py (V) am=0
y=m

P10 -y -E,[mc- eldy.

Q.E.D.
CLAIM 3: We have

&dm{pdm(m + dm) - p(m + dm)}|a'm:0

g(m) 1M am Py, () lam=o

=50 = Gy p'(m)

-m - Cov[c, &l.

PROOF: We need two intermediate formulas. First, taking the limit of Claim 1 as x
converges to m, we get

‘ }glrln A Py (X) ldm=0
,\l'glrln adedm(x)ldm:O = _g(m) .

. . +
) m-E;[e].

The left-hand side of this equation is

lim dn { / Gun(y)dy + Gam(m + dm) }
y

x—m =m-+dm

dm=0
=—g(m) 4 dgnGam(m + dm)| gm=o.

Therefore,

}1_1}’}1 Aam Py () | am=0

(7) adedm(m + dm)|dm=0 = g(m) - g(m) *

. . +
om) m-E[g].

Second, taking the limit of Claim 2 as x converges to m, we get
}glrln 3 amPam (X)am=0
=G(m) - E,[mc]

P_I)T,ln Aam Py (X) lam=0
—g(m) -

-m-E'[c-e].
p/(m) m

The left-hand side of this equation is

lim d4,,, [/ Pam(Y) - &am(Y) dy + pam(m + dm)G 4, (m + dm)}
y:

x—m =m+dm

dm=0

=—p(m) - g(m) + dgn{ pam(m+dm) - Gyu(m+dm)}|, .
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Therefore,
(8) [7dm{pdm(m + dm) : de(m + dm)} |dm:0
= p(m) - g(m) + G(m) - E, [mc]
1im Ay Py, (X)am=0
_g(m) =m .m.E;[C.g]_

p'(m)
By the product rule, we have that
G(m) - dgm{ pam(m +dm)}|,

= Jam{ Pam(m + dm) - Gy (m + dm)} — p(m) - 4G gm(m + dm)| gm—o-

’dm:(]
Substituting equations (7) and (8), we have
G(m) - dumf{ pam(m +dm)}|
=G(m)-E,,[mc]

)}Ln;ln é’dmp/dn1 (x) |dm=0
—g(m)-

o (m) -m- (E;[c-g]—p(m).E;[s])'

Using the fact that p(m) = E/ [c] and the definition of covariance, we have
G(m) : ﬁdm {pdm(m + dm)} |dm:0
=G(m) - E,[mc]

}gl;ln admpZim (.X') |dm:0

-m - Cov, [c, &l.

—sm p'(m)
Using this formula and the definition of S; (1), we have the desired result. QE.D.
We can now establish the proposition.
PROOF OF PROPOSITION 3: The smoothness of p,,(x) implies that

am{ Pam(m + dm) — p(m+dm)}| = 1M G P () dm—o-

Claim 3 then implies the desired formula for the level effect, with

g(m) M D Py, () lam=o
G p'(m)

9) E= -m-Cov[c, €]. OED.
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