Bilateral Information Disclosure in Adverse Selection

Markets with Nonexclusive Competition”

Andrew Kosenko] Joseph Stiglitz} and Jungyoll Yun §

September 23, 2022

Abstract

We study insurance markets with nonexclusive contracts, introducing bilateral en-
dogenous information disclosure about insurance sales and purchases by firms and
consumers. We show that a competitive equilibrium exists under remarkably mild
conditions and characterize the unique equilibrium allocation. With two types of con-
sumers the allocation consists of a pooling contract that maximizes the well-being of
the low-risk type (along the zero-profit pooling line) plus a supplemental (undisclosed
and nonexclusive) contract that brings the high-risk type to full insurance (at his own
odds). We show that this outcome is extremely robust and constrained Pareto effi-
cient. Consumer disclosure and asymmetric equilibrium information flows are critical

in supporting the equilibrium.
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1 Introduction

In 1976, Rothschild and Stiglitz characterized equilibrium in a competitive market with
exogenous information asymmetries in which market participants had full knowledge of
insurance purchases. Self-selection constraints affected individual choices, but unlike the
monopoly equilibrium (Stiglitz (1977)), no single firm framed the set of contracts from
which individuals chose. There never existed a pooling equilibrium (in which the two
types bought the same policy). If an equilibrium did exist, it entailed the high-risk indi-
vidual getting full insurance, and the low-risk individual getting only partial insurance;
and under plausible conditions - for example, if the two types were not too different -
a competitive equilibrium did not exist. Finally, the sufficient condition underpinning
the existence of a competitive equilibrium when the accident probabilities are different
enough, the single-crossing condition, was very restrictive. The results were disquieting,
as in reality equilibrium seemed to exist and often entailed pooling.

A vast literature has applied the Rothschild and Stiglitz (1976) model (henceforth RS),
to labor, capital, and product markets in a variety of contexts with many empirical ap-
plications. A smaller literature focused on remedying the deficiencies in the underlying
framework by formalizing the insurance “game”, by changing the information assump-
tions, and by changing the equilibrium concept.

This paper introduces bilateral endogenous information disclosure about insurance
purchases. Each firm and each consumer makes decisions about which information to
disclose to whom. Thus, information about contract purchases is both endogenous, and
potentially asymmetric because a firm may disclose information about a consumer to
some firms, but not to others, depending on what the consumer discloses to it. We are
motivated by the following observations: The outcomes with full information disclosure
(exclusivity is enforceable, so the RS model applies, and a pooling equilibrium is impos-
sible) and with no information disclosure (in which case pooling again cannot be an equi-
librium) are known. Without consumer disclosure, any disclosure that firms make has to
be symmetric, since they have no basis for differentiation. As we show later symmetric
disclosure cannot underpin an equilibrium. The question of what happens if disclosure is
bilateral, endogenous, and thus potentially asymmetric, is thus natural.

That asymmetries in information about insurance purchases turn out to be important
is perhaps not surprising. What is surprising is that: (i) equilibrium exists under mild
assumptions (notably, the single-crossing property need not hold); and (ii) equilibrium
always entails a pooling component. The unique insurance allocation (an allocation de-
scribes the sum of benefits and premia over all insurance companies for each type of in-
dividual) consists of the pooling contract which maximizes the well-being of the low-risk

individual subject to the zero-profit constraint, plus, for the high-risk individual, a supple-



mental contract that brings him to full insurance at his own odds. While the equilibrium
allocation is unique, it can be supported by alternative information disclosure strategies.

The allocation we focus on has been the subject of much study in various guises, be-
ginning with Jaynes (1978) and most recently, by Attar, Mariotti, and Salanié ((2020a),
(2020b)). Under certain conditions, this allocation has been shown to emerge as the equi-
librium in non-competitive models without endogenous information.

One part of our contribution is to show that this allocation can, in fact, be the out-
come of a competitive equilibrium with endogenous bilateral disclosure, and that many
of the standard but restrictive assumptions are not needed for this result. Previous work
has studied some of the efficiency properties of this allocation. We extend that work by
showing the context in which the allocation is constrained Pareto efficient (CPE), and then
link that property to the set of possible equilibrium outcomes. We explicitly decentralize
a CPE allocation as a competitive equilibrium in an insurance setting with adverse selec-
tion, nonexclusivity, and endogenous information disclosure.

Crucially, we argue that decentralization via a competitive market in a setting with
any fixed information structure is impossible. (Thus, Jaynes (1978), and much of the other
literature generating the allocation we focus on is explicitly set in a context of imperfect
competition.!) Any competitive-like equilibrium requires endogenous and asymmetric
information sharing. In RS, Akerlof, and much of the existing related literature, infor-
mation is endogenous but only affected by actions (e.g., directly observable purchases of
insurance). In the analysis here, more in the spirit of much of the mechanism and in-
formation design literature that flourished after RS, individuals can disclose (truthful)
information, which affects behavior, including others” disclosures. In the equilibrium we
construct, firms do not always find out the type of agent they are trading with (as is the
case in the RS separating equilibrium), but there are nontrivial information exchanges
(between firms, and from consumers to firms) associated with insurance purchases.

We begin by characterizing the set of CPE allocations in the presence of a secret con-
tract. We then show that the CPE allocation which maximizes the well-being of the low-
risk individual (supplemented, for the high-risk individuals, by insurance at the high-risk
odds, bringing those individuals to full insurance) is the unique equilibrium allocation,
and can be supported by simple yet illuminating information disclosure strategies. As
in RS, firms offer insurance contracts, but now they have an option to reveal (possibly
partial) information about insurance purchases to other firms. In RS, it was assumed that

contracts were exclusive, e.g., implicitly firms had full knowledge of individuals” pur-

IEvident particularly in the title of Jaynes’ (1978) paper: “Equilibria in Monopolistically Competitive In-
surance Markets.”

2Gee, for instance, Kamenica and Gentzkow (2011), Bergemann and Morris (2019) and Taneva (2019). For
the most part, that literature provided limited analyses of market situations, such as the insurance market
that is the subject of this paper. Thus, our paper may also be viewed as a contribution to the information
design literature.



chases, and if a firm discovered a purchaser had violated the exclusivity restriction, the
coverage would be cancelled. Here we consider a broader range of possible restrictions,
and under a broader set of assumptions concerning the information available to insurance
firms. Obviously, the enforceability of any conditions imposed is dependent on informa-
tion available to the insurance firm. Consumers, too, face a more complicated choice: they
have to decide which policies to buy, aware of the restrictions in place and the informa-
tion that the firm may have to enforce those restrictions. They also have to decide what
information to reveal to which firms. A competitive equilibrium in this model is a set of
insurance contracts, such that no one can offer an alternative contract or set of contracts
and make positive profits. A contract is defined by the benefit, the premium, any associ-
ated restrictions, and the firm’s disclosure policy. And in assessing the consequences of
offering an alternative contract, each firm takes into account the consumers’ response to
the set of contracts on offer, both with respect to insurance purchases and disclosures.

The intuition behind our result is this: in RS a pooling equilibrium can always be bro-
ken by a deviant contract that will be purchased only by low-risk individuals and, as a
result, is profitable. But that deviant contract will be purchased only by low-risk individ-
uals because the deviant firm can enforce exclusivity. If high-risk individuals can sup-
plement the deviant contract (one breaking the putative pooling equilibrium) with secret
insurance at their own odds, that policy may be purchased by high-risk individuals, and
thus make a loss. Hence, the deviant contract will not be offered and the pooling contract
can be sustained. The trick is to find an information disclosure strategy that ensures that
a deviant firm can’t enforce exclusivity, but also ensures that the firms selling insurance
at the pooling odds (which we refer to as “established” firms) don’t “oversell”: High-risk
individuals would like to buy more insurance at the pooling odds than low-risk indi-
viduals. But if they did, the pooling contract would lose money. Accordingly, there has
to be sufficient information disclosure to prevent the high-risk individuals from doing so.
Thus, supporting the equilibrium allocation requires an intermediate amount of disclosure:
One needs some information sharing (enough to prevent overselling), but not too much
(not enough to enforce exclusivity). Furthermore, disclosure has to be asymmetric in that
established firms must have sufficient information, but deviant firms (which, of course,
deviate secretly) must not. But firms by themselves have no basis for such asymmetric
disclosures. Without further information, they only know whether they themselves have
sold insurance to an individual.?

This is where consumer disclosure - an essential feature distinguishing our paper from

3This is essentially the point that Hellwig (1988) makes in criticism of Jaynes (1978) argument that with
endogenous information, there always exists an equilibrium. In contrast, he emphasizes that “...there does not
exist a sequential equilibrium for the RS-type specification of the game.” He shows that Jaynes’ equilibrium
requires that each firm’s communication strategy be conditioned on the set of contracts that are offered by
other firms, making the equilibrium a reactive equilibrium, like that of Wilson (1977), not a competitive
equilibrium as in RS.



other work in this area - becomes critical. Firms base the asymmetries in disclosure on
consumer-revealed information. The equilibrium firm information disclosure strategy
that we analyze induces truth-telling by consumers to established firms, and this in turn
enables asymmetries in firm disclosures of information about insurance purchases. Thus,
endogenizing consumer disclosure is not just a natural modeling postulate - it is neces-
sary for the outcome we characterize. To the best of our knowledge, these disclosure
strategies (expressed simply by saying that “once a consumer makes insurance purchases
and freely reveals some subset of his insurers to each firm, each firm reveals information
to those firms that the consumer did not reveal as his insurers”) have not been identified
previously.

Our proof strategy is the following. We first arbitrarily divide the set of firms into
two groups, one “established,” which engages in contracts with disclosure rules, and the
other ”secret,” offering secret contracts. We restrict both the set of policies that any es-
tablished firm can offer to all having the same price, allowing individuals to purchase
any amount of insurance at that price while possibly imposing a constraint on aggregate
purchases; and the set of disclosures (in a way we clarify later), establishing that given
these constraints, there is an equilibrium. We also assume that an insurance firm can sell to
any individual only one contract (policy). We then show in section 6.1 that, given these
contract offers and disclosures, allowing for any contract offer or disclosure, no firm or
consumer would deviate from their chosen behavior, i.e., the restrictions imposed in the
beginning of the analysis are not in fact binding. Furthermore, no firm that is secret (does
not make any disclosures) would want to become an established firm, and vice versa. In
appendix B we extend the analysis to the case where deviant firms can offer a menu of
contracts.

One can obtain this result by formalizing this setting as a game with appropriately
defined strategy spaces and focusing on the outcome in a perfect Bayesian equilibrium;
however, doing so would introduce unnecessary complexity,* thus detracting attention
from the basic insight of our analysis. For this reason, we pursue the route of the original
RS paper, positing only the elements that are absolutely necessary to make the point in
the simplest possible setting that retains all of the features we are interested in, using an
equilibrium concept that is in the spirit of competitive equilibrium.

We view this work as a contribution to the pure theory of competitive equilibrium
with asymmetric information; but we believe that some of its main insights are of signif-
icant relevance for real-world markets with adverse selection and nonexclusivity. These
insights include the robustness of a pooling-plus-separating allocation, and the simple,
nontrivial, and illuminating information disclosure strategies which can support such an

equilibrium. Towards the end of the paper we illustrate its relevance by considering its

4We work through a model along these lines in Stiglitz and Yun (2016).



implications for government provision of insurance under the “public option.” We hope
that our results provide an impetus for further policy and empirical applications, with
insights into why certain markets take the form they do, and how one might improve the
design of markets with asymmetric information.

The paper is organized in nine sections. Section two lays out the basic features of our
model of insurance with nonexclusive contracts, while section three provides a discus-
sion of nonexclusive (“secret”) contracts in workhorse RS and adverse selection models.’
We characterize the set of CPE contracts in the presence of secret insurance in section
four. Section five provides a formal discussion of firms’ contracts, information disclosure
strategies, the equilibrium concept, and consumer information disclosure and purchase
decisions, and shows that there is a unique allocation that an equilibrium - if it exists -
has to implement. In section six we first prove that the equilibrium exists under some
restrictions (lemma 6.2),° and then lift those restrictions to establish the main result of the
paper - theorem 6.3 - that the equilibrium established in lemma 6.2 remains an equilib-
rium without those restrictions. Section seven considers a generalization to the case of
many types, while section eight considers the impact of a public insurance option. Sec-
tion nine relates our results to previous literature. For brevity, we forego a concluding
section, and discuss an extension where firms offer menus of contracts (multiple policies

with cross-subsidization) in appendix B. Appendix A contains a proof omitted in the text.

2 Model

We employ the standard insurance model with adverse selection. There is a continuum of
individuals, each facing the risk of an accident. The two types of individuals - high-risk
(t = H) and low-risk (t = L) - differ only in the probability of accident, P;, with Py > P;.
The type is privately known to the individual, while the proportion 6 of high-risk types is
common knowledge. The average probability of accident for an individual is P, where

P=06Py+(1—0)P; 1)

An accident involves damages, the cost of repairing which in full is d. An insurance firm
pays a part of the repair cost, « < d (we disallow negative insurance). The benefit is paid

in the event of accident, whereas the insurer is paid an insurance premium B when no

5Set against the backdrop of equilibrium nonexistence in those models (which we establish), it seems all
the more striking that an equilibrium would exist in a more complex model with endogenous and nontrivial
information flows under very mild conditions.

®The only restriction on the behavior of the “secret” firms is that they not disclose their sales, a restriction
that we remove in section 6.2. While we thus impose restrictions on both the established and secret firms,
we impose no restrictions either on the policies or disclosures of deviant firms, those attempting to break the
equilibrium, except that a deviant firm can only offer a single policy, a restriction that we remove in appendix
B.
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accident occurs. Define g =  as the price of insurance (payment in the “good state” per
dollar received in the case of an accident). We assume the utility of the individual of a
given risk type is a function of his consumption if he has an accident (w — d + «), where

w is the starting wealth level, and if he does not, (w — B):
Vile, B) £ U(w — d + 0,0 — ) @

We assume that consumer preferences are weakly convex,’” that V is bounded, continu-
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Figure 1: Breaking the RS separating equilibrium (B, C) in the presence of undisclosed
contracts at high-risk odds. Vp is an indifference curve of type H, V} is an indifference
curve of type L, the line d — « = B is the full insurance line. High-risk individuals will
purchase contract B, supplementing it with secret insurance, bringing the individual to
full insurance and a higher level of utility than in the separating equilibrium.

ously differentiable, increasing in «, and decreasing in f.

We refer to a policy A = («, B), and to the expected utility generated by that policy

"For much of our analysis, we do not even require that, but the exposition is simplified by making this
assumption. The assumption plays a role in proposition 2.



as Vi(A). A policy A, with insurance level a and price g can also be described by the
vector (a,aq). The key properties of V;(«, ), which we assume are satisfied throughout
the paper, are (i) at full insurance, the slope of the indifference curve equals the relative
probabilities,

oVi(a,p)
taa Py

_ A
T 1-p T )
9p

and (ii) quasi-concavity, so that the indifference curves take on the usual shape. If indi-
viduals can purchase as much insurance as they want at a price g; then, of course, the
(absolute value of the) slope of the indifference curve equals g; at the level of insurance
chosen.

These assumptions in turn imply that the income consumption curve at the insur-
I D tPt is the full insurance line,8 implying that with full information, equilibrium
would entail full insurance for each type at their own odds, i.e., q; = 5 f fPt'

ance price

A special case of eq. 2 is standard expected utility, with U/" < 0:
V,}(Dé,ﬁ) :Ptllt(w—d—i—oc)+(1—Pt)llt(w—ﬁ) (4)

While it is a useful special case, we do not rely on the expected utility formulation for the
results. If in eq. 4 the utility functions are the same for high and low-risk individuals, the
single-crossing property that was essential in the RS analysis is satisfied. But if, for in-
stance, individuals with a higher probability of an accident are also more risk averse, then
the single-crossing property will never be satisfied.” None of the results below depend on
the single-crossing property being satisfied, so we do not invoke it. Moreover, we do not
assume that the utility function is separable across the states.

The profit 7t; of a policy (a, B) that is chosen by type t is 71;(«, f) = (1 — P¢)B — P.
m¢(a, B) = 0 is defined as the t-type’s zero-profit locus (the line along which firms selling
to type t make zero profit). Figure 1 illustrates the zero-profit locus for a firm selling
insurance to a t-type (OB and OC, respectively), or both types (OD) of individuals in

proportions 6 and 1 — 6, by a line from the origin with the slope being g;(= 7 2 fpt) or

q (é %) , respectively. The latter is referred to as the zero-profit pooling line.

There are N > 3 firms and the identity of a firm is represented by j, with j € M (£
1,...,N). We also assume initially that these N firms are exogenously sorted into one
of two groups: a set ME of "established” firms with |./\/l5 | = n > 2, and a set MS of

”secret” firms with [MS| = N —n > 1; the assumption of division into two groups can

8This, together with convexity, is the critical property used in proving the main result of the paper. With
considerably greater complexity, the critical results can be established without assuming quasi-concavity.

9There are other reasons to be concerned about the single-crossing property: in models with moral hazard
and adverse selection, where P; is endogenous, there is also the presumption that the single-crossing property
will not be satisfied (see Stiglitz and Yun (2016)).



be dropped, as we have already noted.!® Of course, M U M® = M, and thus |M*| +
]./\/l3| = N. Whatever the values of n and N, we assume that the firms act competitively,
as described below. The firms differ in their information disclosure: The secret firms
do not disclose their insurance sales to anyone. While the secret firms do not disclose
the insurance policies they sell to anyone, the (possibility of the) existence of such firms
is known. Among the secret policies possibly on offer, one plays a critical role in the
subsequent analysis: an offer of unlimited insurance at the price qg. Such a policy must
at least break even since the worst that could happen to any insurance firm is that only
high-risk individuals buy the policy. The disclosure policy of the established firms is an
essential object of study of this paper.

An individual may purchase multiple policies from any subset of firms. A set of ben-
efits and premiums of the insurance policies purchased in the aggregate by each type of
individual, denoted by E = {(ay, Bt)i—r,u} is called an allocation, with a; = )W DC{; and

Bt =Y ﬁi, where j is the index of the consumer identities.

3 RS and Price-Quantity Equilibria without Exclusivity

Our paper focuses on situations where the information structure is endogenous, in con-
trast to the earlier competitive equilibrium literature centering around markets with fixed
information structures, where firms that disclose their sales always do and those that
don’t disclose never do. In that earlier literature, insufficient attention was paid either to
secret insurance or to the information that a firm might glean from its own sales, even
in markets without exclusivity. Before analyzing in the next section the implications for
Pareto efficient allocations and competitive equilibrium with secret contracts and endoge-
nous disclosure, we demonstrate in this section that broadening out the information prob-
lem in these ways while retaining the assumption of fixed information structures has a
devastating consequence: Competitive equilibrium never exists. We begin by looking
at the RS equilibrium before turning to a standard price equilibrium in the presence of

adverse selection.

3.1 Nonexistence of the RS equilibrium in the Presence of Secret Contracts

Central to RS was the assumption that there was sufficient information to enforce exclu-
sivity; an individual could not buy insurance from more than one firm. As Rothschild
and Stiglitz realized, once we introduce into the analysis unobservable contracts in addi-

tion to observable ones, the whole RS framework collapses because exclusivity cannot be

107f there is only one firm it can trivially impose exclusivity, being a monopolist, so we assume there are
at least two established firms. As we discuss below, the same firm can, in fact, be both an established and a
secret firm, via-a-vis different customers.



enforced. We begin by recalling the basic definition of equilibrium in RS: a set of contracts
such that, given the putative set of equilibrium contracts, there was no contract that could
be offered and taken up that would make positive profits.!’ We now ask, what happens if
we add to the RS framework the possibility of a set of firms offering secret insurance? We
assume that each firm can observe the sales of purchases from other established firms to
any individual and therefore could enforce exclusivity among the set of established firms

- but there may possibly be secret firms. It is easy'? to show the following:
Lemma 3.1. Any RS equilibrium, if it exists, entails secret insurance at price qy.

We make one more informational assumption: The insurance firms know the identity
of the individual to whom they are selling, so that they can ascertain the total quantity of
insurance they have sold. This is a natural assumption for individuals purchasing insur-
ance against risks that directly affect only them, such as an accident or their death, but not
necessarily individuals purchasing insurance against a market event, like the decrease in
the price of a commodity.

Now consider a possible equilibrium where secret insurance is on offer at g, which
by lemma 3.1 we know must be the case. With this secret insurance on offer, the sepa-
rating contracts from RS are also not equilibrium contracts, as illustrated in figure 1. The
RS separating contracts are (B, C), where C provides full insurance for the high-risk indi-
vidual at his own odds; and B is the contract at the low-risk individual’s odds that just
satisfies the self-selection constraints, i.e., it will not be purchased by the high-risk indi-
vidual. Clearly, if the high-risk individual can supplement B with secret insurance at the
high-risk odds, he will purchase B. But if high and low-risk individuals both purchase B,
it makes a loss. A similar analysis enables us to easily show that there exists no separating
equilibrium.

To rule out a pooling equilibrium, suppose that there is one with coverage ap,, at a

price greater than g'>; then there exists a contract with a price between g and that price

Un our later discussion with endogenous disclosure, “contracts” are much richer, including disclosure
rules. What we call in section 5 a ”policy” i.e., a benefit and a premium, RS referred to, given the restricted
setting of their model, as a ”contract”. This terminology should cause no confusion.

12 Assume that there were a set of contracts with secret insurance at a price greater than g7, and insurance at
price gy. Clearly, no one would buy the high-price contracts. Now assume that there existed a RS equilibrium
in which the secret contract at price g is not on offer but there were a set of contracts with secret insurance
at a price greater than gy some of which were purchased by some individuals. Such contracts would make
strictly positive profits. Then a firm offering secret insurance at a slightly lower price would still be profitable
and attract away all customers from the firms selling secret insurance at a higher price. Assume, on the other
hand, that there were a putative RS separating equilibrium without secret insurance. Then a firm that offered
secret insurance at a price slightly greater than qg would be purchased by the high-risk individual and make
strictly positive profits, breaking the putative equilibrium. The same would hold for any proposed pooling
equilibrium. Thus, if it is possible for there to be secret insurance, any putative equilibrium must have, as
part of it, a secret contract at price gy, and it is the existence of this contract that itself prevents there being
either a separating or a pooling equilibrium, as we show below.

131t is easy to show that the only possible pooling equilibrium entails an insurance price of 3.

10



which will make money, because at worst it will attract everyone, and if it attracts every-
one it makes a profit. (Recall our assumption that the insurance firm can identify who is
buying the insurance, so it will not sell more than one policy to any individual.)

Now assume that the putative equilibrium entails a contract along the pooling line,
but that it is not the contract that maximizes the low-risk individual’s utility along that
line, labeled E} in figure 2. Then, by the reasoning above, a firm that offered a contract
just above the pooling line that was arbitrarily close to the one that maximized the low-
risk individual’s utility would be bought by all low-risk individuals, and make a profit -
a large profit if the high-risk did not buy it, possibly a small one if they did.

But Ej}, itself cannot be an equilibrium. From the assumptions on preferences, we know
that the high-risk individual’s indifference curve through E} has a slope at that point
greater than gy, which is greater than g, which is the slope of the low-risk individual at
that point. Thus, there exists a contract below Vi (E}) (and therefore below the pooling
line) but near E}, i.e., above the zero-profit line for the low-risk individual, that gives the
low-risk individual a higher level of utility than E},, but which will not be purchased by
the high-risk individual, and which accordingly makes a positive profit. This is illustrated
in figure 2 and establishes that there cannot exist a pooling equilibrium.

It can similarly be shown that a hybrid equilibrium with partial pooling cannot ex-
ist either. Since there cannot exist a pooling equilibrium, a separating equilibrium, or a
hybrid equilibrium, it follows that there never exists a RS competitive equilibrium: tauto-

logically, this exhausts the forms that the equilibrium can take.

3.2 Price Equilibrium

A price equilibrium,14 where insurance firms offer insurance at a fixed (competitive, i.e.,
zero-profit) price also does not exist, under our earlier assumption that firms know the
identity of the individual to whom they are selling.

The firm knows purchases from itself but not from other established firms and obvi-
ously not from secret firms. The standard price equilibrium in the context of insurance
entails a price of insurance reflecting the actuarial risk of the mix of individuals buying
the insurance. The presence of adverse selection means that as the price of insurance in-
creases, the actuarial risk increases. A price equilibrium is a price of insurance generating
zero profits. The competitive equilibrium price is g, > 7, reflecting the fact that at any
price high-risk individuals buy more insurance than low-risk individuals.'> Under our
informational assumption that the firm can monitor its own sales to an individual, any

firm could offer a fixed quantity contract, based only on its own information. Any price

14The price equilibrium in insurance markets is the context in which the adverse selection problem was
first studied. See e.g., Arrow (1965).

15This is the positive correlation property that was also identified by Chiappori and Salanié (1997, 2000) in
empirical work on this topic.
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equilibrium can be broken by a firm offering the quantity contract along a line through
the origin just below the line through the origin with slope corresponding to g. that is
most preferred by the low-risk individual (at that price), since every individual will buy
it, and that contract will make a profit, even in the presence of purchases by individuals whose
characteristics it cannot observe. But that contract, supplemented by secret insurance at gy
(purchased only by high-risk individuals) can’t be an equilibrium, by the reasoning just
given for the RS model. It can be broken by still another contract that will skim off the
low-risk individuals, even in the presence of secret insurance. Thus, the standard adverse
selection price equilibrium does not exist if firms can offer a fixed quantity contract -
knowing only the amount of insurance they sell to any individual. To emphasize that
we have gone beyond the standard price equilibrium, we refer to this as a price-quantity
equilibrium, which is a price equilibrium where any firm has the option of issuing a fixed

quantity contract.!® Summarizing these observations, we have

Proposition 1. Suppose that an insurance firm knows the identity of the individual to whom it is

selling. Then an RS or a price-quantity equilibrium never exists with secret insurance contracts.

The RS and price equilibria are the two forms of competitive equilibrium in markets
with a fixed information structure that have been extensively discussed. An equilibrium
does not exist in either case. Thus, if an equilibrium is to exist in the presence of secret
contracts, the model must be changed. There are at least two possible directions. One
is departing from a competitive framework, e.g. assuming a reactive equilibrium (where
incumbent firms respond to offers of an entrant), which may make sense when there are a
relatively small number of firms.!” Another, attempting to find an equilibrium in the spirit
of competition, is the approach taken here: we do this by endogenizing the information

structure.

4 Constrained Pareto Efficiency with Secret Contracts

We begin by characterizing the set of CPE allocations under the premise that there exists a
secret (that is, available for purchase to the consumers, but entailing no disclosure what-
soever) policy, where the constraint is that the government cannot proscribe the secret
provision of insurance. This analysis is interesting in its own right, clarifying how the ex-

istence of secret contracts constrains the set of feasible allocations. But it will also be useful

16While we couch our analysis in terms of insurance, the literature following RS made clear that an analo-
gous analysis applied in many other markets, including credit markets. Enforcing exclusivity in that market
has proven to be particularly problematic, with many high-risk individuals over-borrowing. One proposed
solution has been a public registry, incentivized by a legal provision that only loans registered would be
recognized by courts. But our analysis has made clear the problems with this “solution.”

7This is the approach taken by Wilson (1977), Riley (1979), Jaynes (1978), and a number of other papers
discussed in section nine.
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in the next section when we analyze potential equilibrium allocations in the presence of
secret policies, showing, importantly though not surprisingly, that any allocation that is
not CPE is not entry-proof, and therefore cannot be part of an equilibrium. Formally, we

use the following ex-interim variant'® of constrained Pareto efficiency:
Definition 1. An allocation E = {(ay, Bt)t=1,u } is constrained Pareto-efficient (CPE) if,
i) in the agqregate, it at least breaks even, and

ii) satisfies the self-selection constraint, i.e., type i weakly prefers the proposed allocation for type
i to the proposed allocation for type j; and if each individual prefers the allocation to just

buying secret insurance or supplementing the allocation with secret insurance, and

iii) given that the government cannot force disclosure, there does not exist another allocation that
(in the aggregate) at least breaks even, and leaves each type of consumer as well off and at least
one type strictly better off.

We can think of the government proposing an allocation (aggregate benefits and pre-
mia for each of the two types). We will now show that for a proposed allocation to be
CPE, it has to satisfy a number of properties.

First, by the reasoning invoked in the previous section, if the government cannot pro-
scribe secret insurance, there will always be on offer an unlimited supply of insurance at
price qy. This greatly constrains the kinds of allocations that the government can propose.
Given our assumptions about preferences, it implies that the proposed CPE allocation for
the high-risk individual must entail full insurance. (Otherwise, the high-risk individual
would want to supplement the proposed allocation with secret insurance.)

The zero-profit constraint means that any losses made from selling to one group must
at least be made up for by profits from the other group. That is the case, of course, if
the proposed allocation entails, for the low-risk individual, a point along the pooling line,
and, for the high-risk individual, that same allocation supplemented by insurance at price
gu bringing the high-risk individual to full insurance.

It is also easy to establish that a CPE allocation must just break even; otherwise the
welfare of group or the other can be improved. Moreover, the subsidy to the high-risk
individuals has to be non-negative or else a putative allocation entailing a tax on the
high-risk individual would be broken by the purchase of just secret insurance at price
qH-

One more necessary condition for a CPE allocation: an allocation with the low-risk

individual along the pooling line getting an insurance benefit of « and the high-risk indi-

18Gee also Prescott and Townsend (1984), Hammond (1987), Bisin and Gottardi (2006), and Attar, Mariotti,
and Salanié (2019) for important discussions of Pareto efficiency in related contexts; earlier versions of the
present paper were (to our knowledge) the first to explicitly consider the “constrained Pareto efficiency”
concept introduced here, allowing for secret contracts as well as disclosed contracts.
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vidual supplementing that with insurance at g to get full insurance must entail x > @,
where  is the level of insurance along the pooling line that maximizes the low-risk in-
dividual’s utility. If & < &, increasing insurance coverage along the pooling line would
make the low-risk individual better off, and when the high-risk individual supplemented
that with insurance at price gy, he too would be better off.

We denote the allocation that maximizes the utility of the low-risk individual along the
pooling line, and supplements that with insurance at price gy bringing the high-risk indi-
vidual to full insurance by E* = ((af, B%), (a3, By)) = ((E3,GE}), (Ep + S*,GEp + quS*),
where S(E’) is the supplemental policy at gg (S(E’) = (&g, quas(er))) that brings the
high-risk individual to full insurance from an allocation E’ for the low-risk individual (if
E’ involves coverage of a’, ag = ﬁ

full insurance, i.e., a’ + &g < d), and where S* £ S(E3). The allocation for the low-risk

[d+a'(gu — )] > 0 as long as there is less than

individual Ej} is, of course, precisely that discussed in the previous section.

Finally, it is easy to establish that another necessary condition for a CPE allocation is
that the self-selection constraint be binding. Assume not. A CPE allocation to the high-
risk individuals involves a particular subsidy from each low-risk individual of s*. We
maximize V subject to B > aqp + s* and the self-selection constraint. Given our assump-
tions about preferences, without the self-selection constraint, utility would be maximized
at full insurance; but because this is not possible,19 utility must be maximized where the
self-selection constraint is binding.

We will now show that any allocations involving a pooling contract for the low-risk
individual with & > & supplemented by insurance at price gy bringing the high-risk
individual to full insurance is a CPE allocation, and that these are the only CPE allocations.

That such an allocation is CPE is easy to establish. Denote the allocation to the high-
risk individual by Ay and that for the low-risk by A;. We know that a CPE allocation
for the high-risk individual must lie along the full insurance line. We also know that a
CPE just breaking even and giving the high-risk individual the specified utility must lie
along a line with slope gg through Ay. But A; cannot lie below the pooling line, for any
allocation with Ay below the pooling line, given Ay would make a loss. The low-risk
individual’s utility is maximized at Ay, lying along the pooling line - subject to the zero-
profit, self-selection, and presence of undisclosed secret insurance at gy constraints. Thus,
the proposed allocation is CPE.

This analysis also shows that there cannot exist any other CPE allocation. We already
know that a CPE must have the high-risk individual along the full insurance line, that

the self-selection constraint with secret insurance has to be binding, and that the CPE

YThe high-risk individual would prefer the full insurance allocation for the low-risk individual rather than
that intended for the high-risk individual, except trivially in the limiting case with full insurance along the
pooling line, where the two are the same. (That point is CPE, that which maximizes the utility of the high-risk
individual.)
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allocations together must just break even. It follows from this that the CPE allocation
to the low-risk individual must lie along the pooling line, and the CPE allocation to the

high-risk must be that supplemented with insurance at price gp.

A

B

:" E; + S(E&)
: {ON\D
’,' E; ;
Lo L
__ Ex A7
ga fo--f- e P ::I VL
Y S
0 R >
x Ky & o

Figure 2: Constrained Pareto Efficient allocations. E} is the allocation that maximizes V7,
at price 7; S(-) are supplemental allocations obtainable with secret insurance. E; is a typi-
cal CPE allocation for the low-risk type.

The figure also shows why in the presence of secret contracts, the pooling policy corre-
sponding to Ej cannot be an equilibrium. Consider E;, a contract that lies near E}, but
below line OD, above the line through Ej with slope gy (and so won’t be purchased by
the high-risk individual), above OL (and therefore makes a profit when purchased only
by low-risk types) and below Vi (E}) (and therefore preferred to E}, by the low-risk types).
Given our assumptions about preferences, there always exist such contracts.

We have thus established:

Proposition 2. Suppose preferences are convex, and secret contracts cannot be precluded. There

is a continuum of CPE allocations, parametrized by &, characterized by:

a) For the low-risk individual, (&, q&) £ Ex, with & > &, where
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& £ max |arg max V(& &q) )
o o

is the most preferred level of insurance at the pooling price of the low-risk type

b) For the high-risk individual, E is supplemented by insurance S(Ez) = ﬁ [d+a(qy —7q)]
at the price qy bringing the high-risk individual to full insurance.

Finally, it is straightforward to show

Proposition 3. With convex preferences, the CPE allocation that maximizes the utility of the

low-risk individual is the unique allocation E*.?°

This allocation will play a critical role in what follows.

5 Contracts and Equilibrium

Individuals may purchase one or more policies from one or more firms. An individual or
his insurer may disclose to other firms all or some information about the set of policies
purchased or sold, respectively. Information revealed must be truthful, but individuals
or firms may choose not to reveal some or all information. What is critical about the
information disclosure in the model is that individuals cannot reveal the fact that they
have not purchased a particular policy.!

As we have noted, an insurance contract consists of two components: (i) a policy,
defined by a benefit, «, a price, g, and a set of restrictions that have to be satisfied (as far
as the insurer knows) if the policy is to go into effect; and (ii) an information disclosure
rule. The set of conceivable contracts is quite rich; all that is required is that firms can
only disclose a subset of what they know, and can impose restrictions that can only be
implemented based on the knowledge of the insurer. But we show that there exists??> an

equilibrium with a simple set of contracts and disclosure rules.

20For the key results below on market equilibrium, we do not actually need the convexity assumption.
All the results below hold if we define E} as the (unique) contract along the pooling line that maximizes
V1 associated with the highest level of insurance (and therefore the highest level of subsidy to the high-risk
individuals). Any other allocation (generating the same level of utility for the low-risk individuals) cannot
be CPE, because by switching to E}, the low-risk individuals are unaffected, but the high-risk individuals
would be better off with the higher subsidy.

21n terms of the literature on strategic communication, this is a setting of verifiable disclosure, or hard
information (Milgrom (1981), Grossman (1981)). If individuals could disclose (be asked to show in a verifiable
way) that they had not purchased any other policy, exclusivity would be enforceable, and we would be back
in the RS world. In the case of our model, verification that the individual has the claimed insurance could be
demonstrated by showing the insurance policy.

22We emphasize that the result that an equilibrium exists is not trivial: Recall our earlier result that if
disclosure is not complete but symmetric, there never exists an equilibrium. At the same time, as we elaborate
below, we do not provide a complete characterization of all possible equilibria, though we are able to establish
a strong result about what the unique equilibrium allocation must look like.
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5.1 Setting

We employ a two-stage framework consistent with the conventional setting of a screening

model.

e First stage: Each firm offers a set of insurance contracts. Any contract, as we have
noted, has two parts. The first is a policy, specifying the quantity of insurance (the
benefit) with an associated price (that is, the premium) and a set of restrictions on
what insurance individuals can buy from other insurers. The second part is an infor-
mation disclosure rule, specifying what information the firm will disclose to whom.
The implementation of any restrictions depends on the information available to the

insurer, which depends on the disclosures of firms and individuals.

* Second stage: Consumers purchase policies and disclose information about them
(possibly selectively) to their potential insurers and others, after which each firm
executes its contract for its consumer as announced in the first stage by disclosing
information as specified by its disclosure rule. Consumers whose insurance pur-
chases are found to be inconsistent with the policy restrictions have their policies

cancelled.

Firms disclose their information simultaneously in the second stage, implying that the dis-
closure rule of a firm may be made conditional only upon consumer-revealed information,
in particular, in the equilibrium that we establish, on information about the firm(s) from
which individuals have bought insurance.”> As a policy offer is subject to cancellation
once a firm receives information from other firms and from consumers, the enforcement
of the restrictions imposed within the policy offers can rely on information disclosed by
consumers and firms. After the second stage, there is no further disclosure of information
between firms, or further purchases of insurance by consumers.

Consumer disclosure is absolutely essential to our analysis, because it enables the
asymmetric disclosure of information that is critical to the existence of equilibrium, as
we have noted. Another crucial aspect of this setting is that a contract offered by a firm
does not depend on contracts offered by other firms; it is non-reactive, keeping this paper
in the spirit of competitive analysis, as in RS. As we have noted, there are other important
strands of research in the theory of adverse selection focusing on imperfect competition

and reactive equilibria.

5.2 A Simple Illustration of the Equilibrium Contract

Before conducting a formal analysis of an equilibrium we will describe how the set of

equilibrium contracts we propose works in a simple context to highlight the core logic

2BWe explore the implications of alternative formulations, including sequential disclosure, in Stiglitz and
Yun (2016) and Stiglitz et al. (2019). The present results appear to be quite robust.
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of the main argument on the existence of an equilibrium. The equilibrium we propose
involves two kinds of firms: a given number n of “established” firms selling insurance at
the pooling odds, and N — n ”secret” firms, offering an unlimited amount of insurance
at price gy without disclosure. An established firm sells a consumer a single insurance
contract at the price § with the following restriction on additional insurance purchases,

and with the following disclosure rule:

* Restriction: the total amount of revealed purchases is not greater than & (the amount

most preferred by the low-risk consumers at price 7).

* Disclosure Rule: disclose its sale to all the other firms except those revealed by the

consumer to be his insurers.

We denote the equilibrium contract offers for the secret and established firms by C; and
C; respectively. For these contracts to sustain the equilibrium allocation, they should be
able to do two things: 1) prevent over-purchases by high-risk individuals and 2) deter
a cream-skimming deviant contract from breaking an equilibrium, i.e., undermining the
pooling contract by offering a contract that would just be purchased by the low-risk in-
dividuals. The central result of this paper is to show that the allocation E* is the only
possible equilibrium allocation and can be sustained by the above set of contracts.

In section 6.1 we show that the equilibrium in this simple example with firms offering
policies within a restricted set and with disclosure rules within a restricted set is in fact
general; that is, if insurance firms are allowed to offer insurance policies and to engage
in disclosure rules that were not so restricted, there is still an equilibrium of the form
described for this restricted set.?* Similarly, we show that the assumption dividing firms
into established and secret firms is without loss of generality. Any firm could deviate in
any way from its offers and disclosures, but in the equilibrium we depict, no firm would
want to. So too, the assumption that there are a fixed number of established firms and a
fixed number of secret firms can be dropped.

The basic logic of the equilibrium is simple. Assume, for ease of exposition, that in-
dividuals honestly reveal to all the firms from which they have purchased insurance all
of their purchases from other firms if they do not lose anything by the revelations.” In
particular, low-risk individuals only buy @, and have no reason not to disclose it. As we
will prove more formally later in lemma 6.1, the above disclosure rule adopted by the es-
tablished firms leads to at least one firm knowing all the purchases by an individual. This
implies that in the equilibrium proposed above, high-risk individuals would not be able

to overpurchase insurance from the established firms by withholding some information

24The same allocation may be sustained by different disclosure strategies, but all equilibria are allocation-
equivalent, modulo information disclosure strategies.

2In the later analysis, we both show that this is the case and that our disclosure rule supports the equilib-
rium.
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from them. Thus, this limited version of honesty directly prevents anyone (that is, the
high-risk individuals) from overpurchasing the pooling contract.

More subtle is how the asymmetric disclosure rule prevents a deviant contract from
breaking the pooling contract. Whenever a deviant firm, say A, offers a quantity of in-
surance equal to or less than «, charging a price lower than g, the policy offered by A is
always purchased, regardless of the restriction imposed by A, by both types of consumers,
yielding losses for the firm A. This is because any consumer could always purchase the
same amount « in total from the deviant firm A and another established firm B, hence at
an average price lower than 7. (The high-risk individual will always then want to supple-
ment it with secret insurance.) The deviant firm know this, so it has to impose a restriction
that the consumer not purchase any supplemental policy from an established firm (a firm
selling a pooling contract). But the consumer will always disclose his purchase from A
to B, knowing (under B’s disclosure policy) that if he doesn’t, B will disclose its sales to
the consumer to all firms, including the deviant. That means that B does not disclose
to A its sale (to that consumer) so that any restriction imposed by firm A can’t be im-
plemented. Thus, the asymmetric disclosure rule of the established firms can deter any
cream-skimming deviant contract from upsetting an equilibrium while, together with the
induced information revelation of consumers, preventing overpurchases of the pooling
contract by high-risk individuals.

Asymmetric disclosure by firms based on the consumer disclosure is crucial to our
analysis, and this asymmetric disclosure is only possible, as we have noted, because of
consumer disclosure. Without consumer disclosure, there would be no basis for the asym-
metry of the firm disclosure in a non-reactive framework where a disclosure rule of a firm
does not depend upon the offers (policies or disclosure rules) of another firm. On the
other hand, if the firm disclosure is symmetric and complete, we would obtain RS results,

where an allocation such as we have described cannot be sustained in equilibrium.26

5.3 Contracts

Now we formalize these intuitions.”” To simplify the notation and exposition, we begin
by assuming all firms offer insurance with a single price,28 while possibly imposing a
constraint on aggregate purchases. Then in section 6.1 we show that, given the equilib-

rium contracts described, no firm would want to offer other contracts with any other set

26We have already established that if disclosure is not complete but symmetric, there exists no equilibrium.

?’The formal notation developed in this section is employed only to a limited extent in the subsequent
sections. Readers not interested in these formalities may;, in a first reading, proceed directly to section 5.4.

28See appendix B and Stiglitz et al. (2017) for a generalization to the case with multiple prices and cross-
subsidization. The equilibrium outcome is unchanged. Similarly, as we explain below, firms can offer (any
set of) fixed quantity contracts, as in RS.
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of prices, restrictions or disclosure rules.?’

1. Policies: (a, ) is given by (a,aq) € R%. A policy purchased by individual i from
firm j is represented by x; € R3:

X £ (aj, o) (6)

while the set of policies purchased from all of the established insurers is denoted
by X' £ {x;};ex where K C MF is the set of the established insurers from which
an individual purchases insurance. Because in the remainder of the paper we focus
just on individual i, without confusion, we drop the superscript i. The amount’
a; of insurance offered by a firm j may be required to satisfy a restriction, which
can be in general be represented by a set of insurance amounts allowed, denoted
tpj(X]-T) where X]T C X, as defined by eq. 11 below, is the total information (about
the individual’s purchases) available to firm j. The individual (knowing what infor-
mation the firm will have available to enforce whatever restrictions it imposes) will
only choose to purchase an amount of insurance consistent with those restraints (for

otherwise, the insurance will be cancelled):
aj € ;(X]) 7)

A policy offer by a firm j may thus be represented by (g;, lp](X]T))

2. Disclosure Rules: an information disclosure rule by a firm j, denoted DIS;, specifies
a set RE;(C M) of firms receiving information from j about a particular individual,
and information INFj(C X;) to be disclosed to a firm k(€ RE;), where X; (defined
by eq. 8 below) combines the information the firm has directly about j with the
information disclosed by a consumer to firm j about his purchases (including the

purchase from j). The information disclosed is obviously a subset of X;.

The information disclosed by an individual to his insurer j about purchases from
others is denoted by m;(C X), indicating that an individual cannot disclose a policy
that he does not purchase®! although he may withhold from his insurer informa-
tion about some policies purchased. Thus, the information set of firm j about an

individual, X;, before receiving information from other firms is

2Similarly, while we allow disclosure of any information available to firms, the equilibrium entails only
disclosure of information revealed to it by its consumers plus what it knows from its own sales. Moreover, the
only information disclosed is the quantity of insurance purchases. In more general models with sequential
revelation of information (that is, firms can reveal information that they have from other firms to still other
firms), disclosure rules can be more complex.

30In effect, the firms are offering contracts with linear prices; we show in section 6.1 and in appendix B that
this involves no loss of generality.

31That is, the individual cannot lie about purchases he has not made in our model.
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X]' = Xj U m; (8)

We suppose that whenever a policy x; is disclosed, the identity j of the insurer is also
disclosed. Thus, the set I(C M) of firms (including firm j) disclosed as providing

insurance by the consumer is given by:

I(X;) & {k € M|x(k) € X;} )

Now a disclosure rule DIS; of firm j may be represented as follows:

DIS;(X;) = (REj(X;), INFy(X;)) (10)

specifying what firms will be disclosed to, and, given that there is some disclosure
to firm k, what information is disclosed. Given the disclosure rules {DIS;};c of
all the firms, the aggregate of them will determine the information disclosed to firm
j by all the other firms, denoted by X j_j . Thus, all the information X]T available to a
firm is that disclosed to firm j by the consumer, by other firms, and what it knows

directly from its own sales:

X2 X;u X]._j (11)

A contract C; offered by a firm j is thus represented by a policy, characterized in turn

by a price, a possible constraint on quantities purchased, and a disclosure rule:
Cj = {4 4;(X]); DIS;(X;)} (12)
The contracts discussed in section 5.2, which we later denote by {C]* }jem, take sim-

ple forms. First, the policy offers are of the form:

a) The established firms’ price is g, the offer set is given by
(X7 = {[0,a]|T(X") < a} (13)

with T(XT) = Y x(k)ext &, the total amount of insurance known to have been

purchased. A policy is cancelled if T(XT) > w.

b) For the secret firms, g7 = gy with lp]’f(XT) = R4 (i.e., offering unlimited insur-

ance with no restrictions).

Similarly, the disclosure rule can be simply described: for the established firms,
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(a) Disclose to all of the firms that have not been disclosed by the consumers as
insurers, i.e.,

RE} (Xj) = M\ I(X;) (14)

(b) All the quantity information that a firm j has about a consumer that it has

obtained from the consumer plus its own sales:

INF (X)) = X; (15)

The secret firms disclose nothing:

RE}(X;) = INFj(X}) = @ (16)

The contracts defined by eqs. 13-16 with price g we refer to as {C]* Yiem. As we
note in section 6, there are equilibria with the same allocation but with information
disclosure rules that include price information.*? In the next section we also discuss
equilibria (again with the same allocation) with more parsimonious equilibrium in-

formation disclosure rules.

54 Consumer Response

We now analyze consumers’ responses to the set of offers. An individual chooses the
mix of available contracts and a disclosure policy to maximize his utility, aware of the
restrictions and the disclosure rules that may affect the implementation of those restric-
tions. Formally, given a set {C;}c o of contracts offered by firms, the consumer optimally
chooses a set K of established (and K’ of secret) insurers from which to purchase insur-
ance, the set X (= {xj} jeKU k) of policies to be purchased from them, and disclosure strate-
gies {m;};c specifying which information about his purchases to disclose to whom. If
indifferent across multiple contracts, the consumers randomly choose one.33 Further, we
assume that consumers tell the truth (disclose information) unless it is in their interest not
to do so, which we refer to as the assumption of predilection for truth. It is important to
emphasize that we do not assume that consumers are always truthful - we only assume
that if they are indifferent between truth telling and anything else, they tell the truth. In

other words, this is a tie-breaking rule, not an assumption requiring truth-telling.g'4

32In the proof of our main result, we only use considerably more coarse information: only the quantities

sold: INF;;{(X]') s )&y ifl € I(.X]),Vk eM
@ otherwise

on revelation of both prices and quantities, i.e., eq. 15.

33This tie-breaking specification is without loss of generality — the same equilibrium exists under other
specifications.

34This tie-breaking specification will be used in the proof of lemma 6.1. If consumers pursue another action
when indifferent, our equilibrium construction will have to change — in other words, this is a consequential

suffices for the proof of theorem 6.3. In appendix B we do rely
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Consumer disclosure takes the form of messages sent from consumers to firms. Denote
the message of consumer i to firm j by m;, and from firm j to firm k about consumer i by
m}k.% For each i, m}k C {{xj}jem}. A message can be a statement about how much
the individual has purchased from firm k, or the price he has paid for that insurance.
In principle, as we have just noted, the message could convey less granular information
but aggregate data, e.g., the total amount of insurance purchased, or the total amount
purchased from a subset of firms. We require that disclosures have to be truthful, which
can be verified by showing an insurance contract. Under these assumptions, the only
information we use in our proofs is the set of firms from which i has purchased insurance
(which doesn’t have to be complete, but which we show is complete) and the aggregate

insurance purchased from that set.?® Thus,
m; = {R, {5‘;‘}]'512;’.} 17)

where Rj» is the set of identities of firms for which uc;. > 0, and &;(R;) £ Yal, fork e R;

We can formalize the optimization problem for the consumers: each consumer i chooses
aset K C M¢ (and K’ C M) of established (and secret) firms, a set of policies x(k)(=
(ak, Bx)) to purchase from them, and consumer disclosure rules {m: }rcx k' to solve

max ZVt (ak, Bx) (18)
{oe Bic}eerur k
sty € Pp(XL),Vk € KUK’ (19)

We say that a consumer’s choice {{x;};em, {m;}jem} and disclosure rule is optimal
if given {x;}jem, {m;}jem, and {DIS;(X;)}jer no policy is ever cancelled, and {x;};c s

solves the above problem.

5.5 A Competitive Equilibrium Must Be the CPE Allocation That Maximizes

the Utility of the Low-Risk Individual
An equilibrium is defined as follows®”:

Definition 2. An equilibrium is a set {C;};c rq of contracts offered by firms such that no contract

tie-breaking assumption.

35For clarity and ease of exposition, in this section, focusing on the individual’s response, we retain the use
of the superscript i to denote individual i.

36Because there are no additional costs (in our simplified model) from sending richer messages, nothing
changes if the consumer sends all of the information about each of his purchases. Some of this information
is, in fact, employed in some alternative equilibria, employing different disclosures; and is used in particular
in the equilibrium analyzed in appendix B.

37See appendix B and Stiglitz et al. (2017) for a generalization to the case with cross-subsidization. The
equilibrium outcome is unchanged. Our definition is the natural generalization of the RS definition of equi-
librium to the case with endogenous information.
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results in a negative expected profit, and given the contracts offered by other firms {C_;}je m,
there does not exist any other contract that firm j, for any j, can offer which makes positive profits

given consumers’ optimal responses to firms” announced contracts.

We now consider a more general case than the one we have focused on in this section:
We consider cases in which firms can offer more than one policy, and can restrict the
amount of insurance they offer, i.e., they do not (necessarily) just offer insurance at a given
price up to a certain amount. We say that a set of contracts {C; } jc ¢ sustains an allocation E
if when each type chooses the subset of policies that maximizes its utility, supplementing
such policies possibly by secret insurance at price gy, the allocation E is generated, and
there is no other contract C’ that any firm can offer that would make strictly positive
profits. We ask, are there sets of policies with their associated allocations that cannot be
part of any equilibrium, whatever the disclosure policies? The answer is that we can rule
out any set of policies giving rise to any allocations other than the CPE allocation that
maximizes the welfare of the low-risk individual, the allocation we have denoted by E*.

If each established firm offered only one policy, and they all offered the same one, then
each firm would have to break even on that policy. If all firms offered the same policy; it
would have to be along the pooling line - with the high-risk individuals supplementing
the policy to bring themselves to full insurance (and possibly the low-risk individuals
doing so as well). But the only possible such equilibrium allocation is E*,*® for if the
putative equilibrium set of contracts generated for the low-risk individuals a utility just
epsilon worse than Vi (E}), a deviant firm could offer E}, and would clearly attract all
the low-risk individuals and would make a profit: it would either attract just the low-risk
individuals, in which case it would make a large profit, or both types, and then make just
a small profit. Note that this would be true for any disclosure rule, so long as there is
some firm offering secret insurance at g, which we have argued will always be the case
because the effect of a disclosure rule is to provide the deviant firm with more information
to assess applications. This either enables the deviant firm to discriminate - so the firm
only accepts low-risk individuals, or it doesn’t, in which case the firm may get both types.
But in either case, the deviant contract is profitable.

If each firm offered only one policy, but different firms offered different policies, the
only policy (or sets of policies) that get purchased in equilibrium are those that maximize
the utility of the low-risk individual. It should be obvious that the resulting allocation for
low-risk individuals cannot yield a utility greater than that of E*, for if it did, it would

also be purchased by high-risk individuals,” supplemented by secret insurance; but then

38Recall that E* = (Ep,Ep + S*), ie, it is the allocation that generates for the low-risk individual the
highest utility along the pooling line.

39The only situation where this is not the case is one where the set of contracts purchased by the high-
risk individual gives them an even greater utility, but that would imply that there is an allocation which
dominates E*.
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both high and low-risk individuals are better off than in the CPE - which is impossible. If
the low-risk individual’s utility is lower that at E¥, a firm could offer a policy just slightly
worse than Ej, make a profit, and attract all the low-risk individuals, and possibly all indi-
viduals. By the same reasoning as above, the deviant firm would make a profit regardless
of the disclosure rules.

Now consider the case where each firm offered a pair of policies, and without loss of
generality we can assume that they all offer the same pair, with the profits of one compen-
sating for the losses on the other. The same reasoning as above shows that, unless the pair
of contracts corresponds to the allocation E*, the putative equilibrium will be broken by
a firm offering a single policy “near” E}, with high-risk individuals buying supplemental
insurance at gy.

It is thus apparent that any set of policies that does not correspond to or support E*
cannot be an equilibrium, whatever the disclosure rules for established firms.*? Thus, we
have the following proposition which states that a necessary condition for an equilibrium
allocation is that it be CPE:

Proposition 4. The only allocation that is consistent with a competitive equilibrium is the (unique)
CPE allocation that maximizes the utility of the low-risk individual. This holds for any information

disclosure strategy of firms and consumers.

Attar, Mariotti, Salanié (2020b) and Jaynes (1978, 2011) have argued that (in somewhat
different contexts) the unique equilibrium allocation with secret contracts must be the al-
location that we have labelled E*. The reason that we should not be surprised is simple:
E* is the CPE, and any allocation that is not E* is not entry proof in a Nash or putative
competitive equilibrium, for the reasons that our analysis makes clear. The only condi-
tion under which another allocation might not be upset by E* is if incumbent firms react
to the offer of E* in ways that make E* unprofitable, as might conceivably be the case in
some reactive equilibria. Of course, if the reactions are not too s’crong,41 then any alloca-
tion that is not the CPE that maximizes the well-being of the low-risk individual would be
overturned. Here, however, we focus on competitive equilibria, where it seems inappro-
priate to assume that existing firms would respond to the entry of a small firm offering an

alternative policy or set of policies.

40This result holds so long as there is secret insurance at price qy. But our earlier analysis showed that
as long as such insurance cannot be proscribed, e.g., by the government, it will be on offer; any putative
equilibrium in which it was not on offer would be broken by one in which such insurance is on offer.

“1With very strong reactions (where existing firms may pay a price for deterring entry by strong punish-
ments) other equilibria might be sustained. This paper focuses on competitive (non-reactive) equilibria, so we
do not pursue the question of whether such equilibria are consistent with standard game-theoretic solution
concepts.
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6 Proof of Equilibrium Existence

In this section we show that the contracts described in section 5 support the allocation E*
as an equilibrium. There may, of course, exist other equilibrium contracts that differ in the
information disclosure elements, or in the number and identity of established and secret
firms, but nonetheless result in the same allocation. Our objective is simply to demon-
strate the existence of an equilibrium with endogenous information that is implemented
using simple, interesting, and illuminating contracts.

In showing that the equilibrium set of contracts {C]* }jem implements E¥, we first

prove the following lemma:

Lemma 6.1. Given the set of contracts {C]* }iem, no individual purchases more than ® from the
established firms and all individuals reveal their purchases to all established firms from which they

buy insurance.

The intuition behind the lemma (the proof of which is in appendix A) can be illus-
trated by the following example: assume that the high-risk type tried to over-purchase,
for example, by purchasing %R from 3 different firms, firms A, B, and C; but disclosed
only one of his other purchases to each, say only his purchase from B to A, say, but not
that from C to A, and symmetrically for the other firms. Then firm A discloses its sales (of
%&) and firm B’s sale (of %E) to C. But then C knows that the individual’s total purchases
are 3@ and his insurance is cancelled.

Lemma 6.1 generalizes this simple example to any pattern of purchases and any pat-
tern of disclosures by which an individual might try to hide the fact that his aggregate
purchases exceed «.

The lemma implies that all individuals purchase just #. Assume an individual pur-
chased more than & in the aggregate from the established firms. Given {C]* }jem he cannot
disclose that he has purchased more than & (to any of his insurers) because were he to do
so the policy would be cancelled. So there must not be full disclosure. If the consumer
does not disclose one of his insurers, say purchases from firm j, then all the other insurers
disclose to the firm j what they know about the consumer’s purchases (i.e., their sales to
the consumer, and what the consumer reveals to them), and then the firm knows that the
individuals has purchased more than @, so j cancels its policy. But the individual would
have known that, and so would not have purchased a policy from j.

There is one important corollary of lemma 6.1: all individuals reveal their purchases
from established firms to all established firms, since they have no reason not to (using the
assumption of predilection for truth).

We now prove the central lemma of the paper:

Lemma 6.2. Under the restricted set of policy offers defined by eqs. 6 and 7 (a single price offer
with possible restrictions on agqregate purchases, with a single contract sold to any individual),
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contract offers defined by eqs. 13-16, defined earlier as {C]* }iem, with consumer purchases and
disclosures being the best response to the set of contract offers (defined by the solution to egs. 18
and 19), the equilibrium entails the allocation E*. This allocation is supported by a policy offer by
established firms at price q, with a restriction on aggregate purchases at q of «, and a disclosure by
all established firms of all the information about i’s insurance purchases by each firm to all the other
firms that that the firm knows not to have been sellers of insurance to i; and the truthful revelation

by all individuals of all of their insurance purchases from established firms.

A
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Figure 3: Sustaining an equilibrium against a deviant contract (offering D). High-risk
individuals prefer A, supplemented by secret insurance, bringing them to C, to deviant
offer D, seeming to break the (partially) pooling equilibrium A. But high-risk individuals
would always supplement D with pooling insurance (DB), up to & (disclosed only to
non-deviant established firms) and secret insurance (BF) bringing the individual to full
insurance. Because Vy(F) > V(C), the high-risk individual will always purchase D,
and the deviant contract, lying below the pooling line, would accordingly make losses.

Proof. Tt is obvious that by lemma 6.1, the set of contracts { ¢ }jem generates the equilib-

rium allocation E*. Because of lemma 6.1 and its corollary, every established firm has the
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information required to effectively implement the allocation. There is no overinsurance
by high-risk individuals. They just purchase @ from the established firms and supplement
it with undisclosed insurance at price gy, bringing them to full insurance.

We now show the set of contracts {C]* }jem sustains E* against any deviant contract,
offered by a new entrant or by one of the existing established or secret firms. Note first
that a deviant firm, indexed by d, cannot make profits by attracting only high-risk in-
dividuals in the presence of firms offering secretly any amount of insurance at qp. If the
deviant firm d attracts both high and low-risk individuals, its policy would have to charge
a price g4 equal to or lower than g, yielding zero profit at best. A deviant firm d can thus
make positive profits only by attracting just low-risk types, i.e., only by a cream-skimming
contract C;. We will now show that in the presence of undisclosed insurance at price gy
there is no such cream-skimming contract, that is, the contract C; always attracts high-
risk individuals. The only possible such contracts must be below Vi (E}) and above the
line through Ej with slope gy (i.e., in the shaded area in figure 3, or a point like E;, in
figure 2). It follows from the fact that § < gp that this area is not empty. We now show
that any contract such as D in figure 3 will in fact, under our information assumptions, be
purchased by the high-risk individuals.

To attract low-risk individuals, we must have gq; < 7. It is obvious from figure 3 that
the high-risk individual, if he could, would purchase the contract OD plus additional
pooling insurance DB up to & plus supplemental undisclosed insurance (BF in figure 3) at
g, rendering the deviant contract unprofitable. The deviant firm knows this, and hence
must put a restriction on the amount of supplemental pooling insurance that the individ-
ual can purchase. But given disclosure rules in {C]* }iem (egs. 14-16), no such restriction
can be enforced. The high-risk individual obviously will not disclose directly that he
has made the supplemental pooling purchases. If the high-risk individual discloses his
purchase of the deviant contract to the established firms and limits his total purchases
(combining what he has purchased from the deviant firm and amounts purchased from
other established firms) to @&, no established firm will cancel insurance that it has sold,
and, by its disclosure rule, no established firm will reveal to the deviant firm its sales to
the individual. Thus, firm d cannot enforce any restriction on total purchases from itself,
plus purchases from the established firms, being less than or equal to @. Accordingly,
high-risk individuals will purchase the deviant contract, and it loses money because the
deviant firm could not enforce any restriction on such purchases. Similarly, the deviant
firm cannot make its disclosure rule effectively depend on such supplemental insurance,
and so can’t use its own disclosure rule to deter purchases. That is, a deviant contract
would not be able to upset the proposed equilibrium regardless of any restriction or any

disclosure rule it may take.*? O

“Note that all individuals disclose their purchases of the deviant policy to the established firms (because
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6.1 Generalizations

We began the analysis by assuming all firms offer insurance with a single price while
possibly imposing a constraint on aggregate purchases. But the proof showed that, given
the equilibrium contracts described, no firm would want to offer any other contract(s), so
that the equilibrium established in lemma 6.2 holds when firms are not so constrained.*?
This includes an established firm offering only fixed quantity contracts or offering both
price and quantity contracts. It could offer a contract at a price higher than g but lower
than gy, but such a contract would only be purchased by the high-risk individuals, and so
lose money. It could offer a contract at a price lower than g, and such a contract will attract
both all high and low-risk individuals, and thus lose money. (We’ve already discussed the
impossibility of cream skimming in the proof of lemma 6.2.)

By the same token, we began our analysis assuming each firm sold only a single in-
surance contract to an individual.** This ensures that if the individual reveals that he has
purchased insurance from firm k he has to reveal all the insurance he has purchased. If
the firm sold the individual multiple policies, he could reveal that he purchased some
insurance - thus precluding disclosure to that firm - without revealing the full amount of
insurance. But it should be obvious that in equilibrium, no established firm sells more
than one contract to an individual. It would be only the high-risk individuals that would
be interested in purchasing multiple contracts from a firm, because by doing so they might
underreport their purchases from one insurer to another established firm (disclosing one
policy but not another) to be able to purchase more than & at 7. Knowing that the only
high-risk individuals would wish to buy multiple policies, an established firm would not
sell multiple contracts to an individual without charging a price equal to or higher than
qu, which, however, would not be purchased by any individual.

We can similarly drop the assumption of a fixed number | M¢| of established firms

otherwise, the established firms disclose their sales to the deviant firm, which would then cancel the deviant
policy). But this means that (normally) all individuals purchase the full amount allowed by the established
firms, &, and the established firms then sell exactly the same amount of insurance to the low and high-risk
individuals, still breaking even. This will be true if the income consumption curves are negatively sloped
(i.e., as individuals get better off, at a fixed price of insurance, they wish to have more consumption in both
states). This condition is, for instance, always satisfied in the standard model of separable utility with the
utility of consumption in the accident/no accident states being the same. If this condition were not satisfied,
then it is possible that the low-risk individual purchase less than the high-risk individual, and the established
firms might make a loss. (This problem could be obviated by insurance firms cancelling all policies in which
revealed aggregate purchases strictly exceed the observed minimum level of aggregate purchases - which
would be that of the low-risk individuals. This would force the high-risk individuals not to purchase more
than the low-risk individuals.)

#3The proof also makes it clear that no firm would want to change its disclosure rule (or to change simulta-
neously its contract and its disclosure rule). It should be obvious that the results do not depend on convexity
of preferences. All that is required is that the income consumption curve for insurance for the high-risk indi-
vidual at gp is the full insurance line, i.e., the high-risk individual’s indifference curve is tangent to the price
line along the full insurance line, and any other point of tangency generates a lower level of utility.

#“We again require that the insurance firm can tell the identity of the purchaser of the insurance. Obviously,
otherwise it could not tell whether it had sold more than one policy to an individual.
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and | M| secret firms. There is no incentive either to enter or to change from being an
established firm to a secret firm. |M¢| and | M| are thus perfectly arbitrary (so long
as they are large enough that the assumption that any individual firm’s action has no
effect on the behavior of others is plausible): for any |[M¢| > 2 and |[MS| > 1 there is
an equilibrium with the same allocations and the same contracts (policies and disclosure
rules).

Corresponding to increased complexity in policy offers (were it desirable for firms to
increase that complexity), there can also be increased complexity in disclosure rules. Nei-
ther individuals nor firms have any incentives to engage in such more complex rules. We
established before (lemma 6.1) under the restricted set of policy offers, that every individ-
ual has an incentive to disclose all the firms from which it has purchased insurance and
the amount of insurance he has bought. This was true even though it could have revealed
a subset of that information, e.g. the sum of the insurance bought from a subset of firms,
without revealing the quantities purchased from each. More generally, for an individual
to reveal that he had purchased more than @ would (in equilibrium) reveal the individual
to be high-risk, and so no individual would reveal such information. And by the same
token, for an individual not to reveal an insurance firm from whom the individual has
purchased insurance would, given the equilibrium disclosure policies of firms, lead to
the individuals’ insurance being cancelled (if he has purchased more than «), after the firm
revelations that are consequent to that. These results hold regardless of the complexity of the
set of policies on offer and purchased.

We also began our analysis assuming that that each firm sells only one policy. It is
easy to extend this, allowing each established firm to sell multiple policies (though by the
analysis above, it would sell only one policy to any individual).*> Denote by {C]E*} jemM
the set of contracts with the same policy offers and disclosure rules as {C]* }jem, but where
established firms can offer multiple policies, firms can choose to be established or secret,
and can choose arbitrary disclosure policies. We maintain the restriction that a deviant
firm can only offer a single contract.

We have thus established the central theorem of this paper:

#SWithout cross subsidization, the analysis is unchanged. As we have already noted, any firm can offer any
array of policies; in effect, it can offer every individual a menu of options. Of course, no high-risk individual
would ever buy a second policy (at the high-risk odds) from any firm from which it bought a pooling contract,
for as we have already noted that the firm would then know that the individual was a high-risk individual,
and (in a slight extension of our analysis) it would accordingly cancel the insurance. (That is, an implied
condition for the purchase of a pooling contract is that the individual not buy a policy at any price higher than
the pooling price - that the insurance firm knows about.) Within the menu of policies that each firm can offer
are price-quantity contracts (e.g. of the kind that RS analyzed). Our disclosure strategies both for firms and
consumers remain unchanged. Consumers still disclose the amount of insurance that they have purchased
and from whom they have purchased it; and firms disclose information about j’s purchases to those firms that
have not (been disclosed to have) sold insurance to j. The assumptions of our simplified model are chosen
to highlight one of the key issues we focus on, the problem of high-risk individuals buying more than & of
insurance in the context where the individual can purchase small amounts from many providers, and there
is not automatic disclosure of information about purchases.
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Theorem 6.3. With convex preferences, there is an equilibrium set of insurance contracts {C ]E “Fem,
entailing (a) the equilibrium allocation E* and (b) a disclosure policy by each established firm of
disclosing all the information at its disposal to all firms not disclosed by the individual to be a
seller to him of insurance. In this equilibrium, all individuals truthfully reveal all the firms from
whom they have purchased insurance and the amount of insurance purchased. E* is supported by

a contract C}, the pooling contract maximizing the utility of the low-risk individual at price q, (or

a set of contracts from the established firms all at the price q aggregating to Cp) which sustains
E}, supplemented by secret insurance in the amount S(E}) at price qu bringing the high-risk
individuals to full insurance.

Convexity of preferences is a sufficient condition for establishing the existence of equi-
librium. Equilibrium exists under the weaker condition that the income consumption
curve for insurance for type t individual at price g; be the full insurance line.*®

There is one extension that is not so simple: What happens if the deviant firm offers
a menu of policies, in particular one purchased by high-risk individuals, the other by
low-risk individuals? Is it possible that such a pair of policies - with cross-subsidization
- could break the equilibrium? In the appendix, we show that, even when a deviant firm
offers multiple contracts at different prices, there still exists an equilibrium, and it entails
the equilibrium allocation E* that we have identified, the CPE allocation that maximizes

the welfare of the low-risk individual.

6.2 Uniqueness of Equilibrium

Theorem 6.3 shows that the (unique) equilibrium allocation can be implemented by a
very simple set of equilibrium disclosure rules. The equilibrium allocation may also be
implemented by other disclosure rules, in particular entailing different disclosures off the
equilibrium path. But all such disclosure rules must preserve the careful balancing that
is central in this paper: asymmetries of disclosure, to prevent, on the one hand, the pur-
chase by high-risk individuals of too much insurance, and on the other, deviant firms
from cream-skimming that would break the pooling equilibrium. As an example, if indi-
viduals simply disclosed the aggregate of their purchases of insurance from other firms,
and the names of firms from which they have purchased and firms then disclosed the ag-
gregate purchases of each individual to all firms who are not disclosed to be sellers - a far

more limited set of disclosures than that embodied in lemma 6.2 - then the equilibrium

46We employ this assumption for the high-risk individual to ensure that at the pooling contract, the high-
risk individual wishes to buy more insurance - to get full insurance. In that sense, it is like a weak, global
single-crossing property, much less restrictive that the standard single-crossing property or even the assump-
tion of convexity. The only property on the preferences of the low-risk individual that we employ is that his
income consumption curve at price g entails strictly less than full insurance, i.e., the CPE allocation E* for the
low-risk individual entails less than full insurance.
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allocation would also be implemented.*”

To see the delicate balance in disclosures required to implement the allocation E*, as-
sume that the established firms disclose their consumers’ purchases to all other firms (not
just those that have not been disclosed to have sold insurance to the given individual),
whereas secret firms and deviants do not disclose any information. Could the deviant
offer a contract C; to cream-skim the low-risk type? The deviant does not know whether
an individual has purchased supplemental secret insurance, but because he knows all
the information about purchases from established firms, he can enforce restrictions on
purchases of pooling insurance. Such a deviant contract C; restricting purchases from
established firms can cream-skim if (i) the low-risk type prefers C; to the pooling contract

» in E¥; and (ii) the high-risk type prefers the pooling contract C} supplemented with
the secret contract, and (iii) the deviant makes a positive profit, which it will if cream-
skimming works, and the price of the insurance is greater than the g;. Because of the
assumption of convexity, there always exists such a contract, which is why the disclosure

policy just described cannot implement the equilibrium allocation.*®

7 Extension to Cases with Many Types

The result on existence of equilibrium can be extended to the case with many types. An
equilibrium strategy in a case with three types, (denoting by L the lowest risk type, by M
the middle-risk type, and by H the highest risk type) for example, can be described in a
similar way to the case with two types. As illustrated in figure 4, there is a pooling allo-
cation with all three types, allocation A, the most preferred by the lowest risk type; and
a partial pooling allocation B, supplementing A with additional insurance along the line
AB entailing partial pooling, bringing together the two riskiest types, where B is the most
preferred allocation by the middle-risk individual along the zero-profit line between the
high-risk and middle-risk individuals through A; and finally, a secret allocation C, sup-
plementing B with insurance along the line BC at the high-risk individual’s odds, leading
to full insurance for the highest risk type. A, B, and C represent the total individual al-
locations for the three types. In equilibrium, the lowest risk type consumers purchase A
only, the M types purchase A and the supplemental policy along the line AB, and the H
types purchase A and both supplemental policies along the lines AB and AC.

There are three types of firms, those (denoted by F4) selling the full pooling contract
Ca, those (denoted by Fp) selling the partial pooling contract Cg, and those (denoted by

47Similarly, the equilibrium allocation could be implemented by each established firm offering a fixed quan-
tity policy & at g, with the same disclosure rule as in lemma 6.1.

BThe argument is exactly the same as that given in section 3, showing that there are contracts below the
low-risk individual’s indifference curve, above the line with slope gy through E} (and so won’t be chosen
by high-risk individuals), but near E}, so that it is above the zero-profit line for the low-risk individual, and
thus makes strictly positive profits.
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Figure 4: Equilibrium allocation (A, B, C) with three types, which cannot be broken by D
as individuals of higher-risk type supplement it by additional pooling insurance (along
the arrow EF) without being disclosed to the deviant firm. The slopes of the various
lines are indicated by the g’s. P_; denotes the average probability of accident for the two

highest risk types (and g = 15; o)

Fc) selling the secret insurance contract (C¢ at price qy) to the H types. Thus, firms F4 are
selling contracts C4 that lead to allocation A. They adopt an information disclosure rule
analogous to that in the case of two types of individuals.* Consumers truthfully fully
reveal to the other insurers their information about their purchases of the fully pooling

contract C4 (since all purchase the same amount, such information in equilibrium reveals

That is, revealing information only to firms not revealed to be sellers to individuals.
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no information about who they are).® Consumers reveal information about their pur-
chases of the partial pooling contract Cg only to firms not selling them the fully pooling
contract (for if they disclosed that, the firm would know that they were of one of the two
riskier types). At the same time, they do reveal the firm from which they bought C4 (the
say, Fp firms know that they are selling insurance to middle or high-risk individuals, so
there is no news in the fact that the individual has also bought C4. But that means that Fp
does not reveal that he has sold Cp to L types. So F4 can’t cancel its policy. Moreover, even
if F4 reveals to Fp that the individual has bought the full pooling insurance, it reveals no
information: Fg knows that all individuals do so.

By the same reasoning as in the two-type case, there is no possibility of M or H types
buying more of the fully pooling contract or H types buying more of the partially pooling
contract and no room for a cream-skimming deviant contract.

Figure 4 illustrates with a deviant contract offering D that attempts to profitably attract
only low and medium types, but riskier types are also induced to choose D as they can
purchase additional insurance along the lines DE and EF; and by the same argument used
earlier, the partially pooling contract B can thus be sustained. This reasoning allows us to

extend the analysis not only to any finite number of types, but to a continuum of types.

8 The Public Option

Our equilibrium analysis highlights the importance of asymmetric disclosure of informa-
tion about insurance purchases. While there is some complexity in the formal description
of the market equilibrium it is actually simple and intuitive. But that raises the question,
is there some other way to robustly implement a CPE equilibrium? Sustaining the CPE
equilibrium has distinct welfare benefits, with those who are fortunate in having a low
probability of the occurrence of the insured-against event subsidizing those with a high
probability. Could government regulation, such as a public register, help?

Our analysis has provided some caution to such approaches. Recall that the “trick”
in sustaining the pooling contract is creating asymmetries in information about insurance
purchases, as part of the market response to the natural asymmetries of information about
risk types. If the government required disclosure of information, made that information
public, and could enforce such a requirement for all firms, we would be back in the RS
world.

More likely, while the government can force disclosure of “established” firms, it cannot

50 Accordingly, no individual is worse off revealing his purchases of the full pooling contract A than not
fully revealing his purchases. In fact, in the three-type case, an individual buying insurance from other than
a fully pooling seller has an incentive to disclose his other purchases to the seller of the partial pooling policy,
because otherwise that insurer discloses to his fully pooling insurer his sales, and then the seller of that policy
would cancel the contract it sold to him.
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force disclosure of informal insurance and insurance purchased from small firms. With
disclosure of established firms accompanied by secret insurance, we are in the world of
section 3, where no equilibrium exists, either in the quantity-constrained world or in the
price-cum-quantity-constrained world (the price-quantity equilibrium).

An alternative is a well-designed public option, accompanied by appropriate disclo-
sure policies. The government offers insurance at the market odds, requiring individuals
to disclose whether they have purchased insurance at that price from anyone else, and
restricting (as in our model) total purchases to be less than or equal to . But the gov-
ernment discloses its information only to those firms that have not been disclosed to be
sellers of insurance to the individual. Then our reasoning shows that the public option
cannot be undercut. It is sustainable. Without such disclosure, there will be over in-
surance - the problem with the standard price equilibrium; with full disclosure, there is
cream-skimming 4 la RS, and the only possible equilibrium is the separating equilibrium
- and there may be no equilibrium. With full disclosure from established firms but still
secret insurance from others, there is never an equilibrium - cream-skimming breaks the
pooling equilibrium and the ability to purchase supplemental policies breaks the separat-
ing equilibrium. Our disclosure rule under the public option prevents both overinsurance
from established firms and cream-skimming by deviant firms.

One of the intents of the public option is to encourage competition in lowering trans-
actions costs - though there is little evidence that the private sector can come anywhere
near the costs for the government. But we can allow for this. The government can still
prevent cream-skimming. If the entrant is truly more efficient, it will still constrain its
own sales to @ and displace government sales. If it is not more efficient, it will lose money
because if it attempted to charge a price equal to or greater than its costs (greater than g
but less than or equal to gy) it would only attract high-risk individuals and so couldn’t

make a profit.

9 Previous Literature

In the more than four decades since RS appeared, its disquieting results have given rise to

several large literatures.

Varying Equilibrium Concepts and Game Forms

The first strand looked for alternative equilibrium concepts or game forms under which
equilibrium might always exist or under which a pooling equilibrium might exist. Roth-
schild and Stiglitz (1997) and Mimra and Wambach (2014) reviewed the literature as it
existed to those points, with Rothschild and Stiglitz (1997) suggesting that proposed seem-

ing resolutions of their non-existence result contravened plausible specifications of what
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a competitive market equilibrium should look like in the presence of information asym-
metries. For instance, in the “reactive” equilibrium of Riley (1979) contracts are added in
response to out-of-equilibrium offers, while in “anticipatory” equilibrium (Wilson (1977)),
the entry of even a very small firm induces all firms to withdraw their pooling contracts
making the deviant contract unprofitable. Such deterrence enables the pooling equilib-
rium to be sustained. Miyazaki (1977) (in the case of two types) and Spence (1978) (in
the case of n types) extend this reactive equilibrium concept to allow for menus of con-
tracts; the Miyazaki-Wilson-Spence (MWS) outcome entails separating, jointly zero-profit
contracts with cross-subsidization.

Formal game theory literature since then has supported the MWS equilibrium under
various conditions, with Mimra and Wambach (2017) endogenizing capital level choice
before playing the RS game, Mimra and Wambach (2019) relying on latent contracts, and
Netzer and Scheuer (2014) showing that the MWS outcome is a “robust” equilibrium
when there are small costs associated with withdrawing from the market.”! However,
none of these extensions have fully resolved the inherently non-competitive nature of the

proposed equilibria.

Consequences of Different Information Structures

One important strand of research is focused not on different equilibrium constructs but on
the consequences of different information structures, allowing for nondisclosed contracts
but not endogenizing disclosure. Most notable are the series of papers by Attar, Mariotti,
Salanié (2011, 2014, 2016), employing a variety of assumptions about consumer prefer-
ences, firm behavior, and market structure. While a complete explication of the differ-
ences among these papers and between these papers and ours would take us beyond this
paper, we note some key salient differences.

The 2014 model, employing strictly convex preferences, provides necessary conditions
for the existence of an equilibrium in a much more general setting than discussed here.
Applied to the insurance market, the equilibrium (when it exists) turns out to be the allo-
cation where no one but the highest-risk individuals purchase insurance. The difference
between their results and ours, where we have focused on endogeneity of information dis-
closure, are marked and obvious. In their (2016) model, they allow individuals to buy
insurance from multiple insurers without disclosure.>? Within their equilibrium construct
(distinct from ours), they prove a parallel result, that any competitive equilibrium must
entail the allocation E*. Our analysis in section 3 has explained why this should not be a

surprise: E* is the CPE allocation that maximizes the welfare of the low-risk individuals.

51 Another strand has focused on a mixed strategy equilibrium (Dasgupta and Maskin (1986)); Farinha Luz
(2017) provides a full characterization of equilibria in this setting.
52Gee also Ales and Maziero (2014).
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They are able to establish the existence of equilibrium, using latent contracts, but only
under a very restrictive set of preferences, more restrictive even than the single-crossing
property.

Attar, Mariotti, and Salanié (2020b) construct an equilibrium employing a sophisti-
cated auction scheme under the assumption of a fixed information structure. Though the
equilibrium is Nash, the structure of the model has an important reactive element: Firms
can observe and punish deviators. The resulting allocation is again E*, but that allocation
is sustainable for very different reasons. Ours is a competitive theory, where the market
does not respond to the entry of a new firm or a deviation in the contract offers of a single
deviant firm. Theirs is in the long tradition of trying to build in the possibility of large
responses to such occurrences into the response function (so, for example, the entry of a
new firm does not alter the response function), and it takes those large responses which
enable the equilibrium to be sustained, e.g. entry to be deterred.

Furthermore, the key issue posed in our analysis of nonexclusivity is that firms can
offer contracts that are not observed by other firms, and that in the presence of such
contracts overinsurance by the high-risk types is difficult to deter. Thus, in our model,
markets are nonexclusive not only in the sense that buyers can trade with multiple sellers
(which is the sense of “nonexclusivity” employed by Attar, Mariotti, and Salanié (2020b))
but also in a much stronger sense - sellers cannot observe purchases made by consumers
from others.”® Attar, Mariotti, and Salanié (2020b) prevent such overinsurance by a com-
bination of elements — utilizing a sequential auction where offers cannot be withdrawn,
using a rationing rule for sales, leveraging the fact that deviations by sellers are observ-
able (and therefore can be punished) - which together obviate the issue of unobservable
offers. Thus, the most important difference between our analysis and theirs is how equi-
librium is sustained. In ours, endogenous and asymmetric information disclosure is cru-
cial in establishing the competitive equilibrium; in theirs, it is the combination of elements
just described, which result in their essentially non-competitive equilibrium. Given the
markedly different settings of the analyses, it is not surprising that we require different
assumptions to ensure the existence of equilibrium: Attar, Mariotti, and Salanié (2020b)
employ strong assumptions on preferences (not just strict convexity and differentiabil-
ity, but also a condition stronger than single-crossing). By contrast, as we have noted,
we don’t even need the single-crossing property, and while our analysis has employed
convexity, in footnotes we have indicated how the results hold under weaker conditions.

We have focused on competitive equilibrium and how the CPE allocation we have
identified can be decentralized with endogenous information disclosure; theirs entails a

fixed information structure, where the CPE is decentralized through a particularly struc-

53This usage is also consistent with that of Arnott and Stiglitz (1990) who examined the welfare economics
of nonexclusivity in much simpler settings.
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tured auction.

There are therefore, several senses in which our contributions differ: 1) our notion of
nonexclusivity is stronger, embracing not just the possibility of buying from multiple sell-
ers but of each seller not knowing about the sales of others, 2) in our setting firms cannot
observe the offers of other firms (and therefore, cannot directly detect cream-skimming
deviations) whereas in their setting they can, 3) they decentralize the allocation using
an auction scheme, whereas we use information disclosure in a way that seems perhaps
more illuminating and more in the spirit of most competitive markets, like insurance,
in which there are asymmetries of information - they are not, in fact, conducted as auc-
tions, 4) the convexity of the price schedule is a consequence of the auction rules assumed,
whereas we obtain it without requiring the schedule to have any properties in advance,
and 5) we have a simultaneous, competitive setting with endogenous information revela-
tion, whereas they have a sequential setting of almost perfect information, with a specific,
fixed, information structure that generates far more complete information than that which
arises in our model.

Thus, it turns out that both of our models decentralize the allocation E*, but in markedly
different ways under markedly different assumptions. The key differences, however, are
the role of endogenous information disclosure in our model, and the reactive nature of
their equilibrium. As they write (italics added): the allocation E* “...emerges as the es-
sentially unique outcome of competition when each seller can quickly react to his competitors’

offers.” Which formulation is more natural depends, of course, on applications.

Endogenous Information

The closest works to our paper within the adverse selection literature are those papers that
attempt, in one way or another, to endogenize the information available to sellers of insur-
ance, including Pauly (1974) and especially Jaynes (1978, 2011) and Hellwig (1988), who
analyze a model with a kind of strategic communication among firms about customers’
contract information. Jaynes (1978) analyzes the same allocation E* that we do. However,
as Hellwig (1988) clarified, in Jaynes (1978)’s two-stage framework, the strategy of firms,
including the associated strategic communication, is a reactive equilibrium, with firms
responding to the presence of particular deviant contracts, and thus Jaynes (1978)’s for-
mulation was subject to the same objections to reactive equilibria raised earlier.>* Hellwig
(1988) formulated a four-stage game, in which E* emerges as the sequential equilibrium,
but as he emphasizes, it has the unattractive property that firm behavior (in the final
two stages) is conditioned on knowing the offers of all firms, including the deviant firm.

Thus, in contrast to our model, a firm cannot offer a contract in secret. Moreover, as Hell-

54 As we noted earlier, even in the title of Jaynes’ (1978) paper makes clear that he was not trying to formu-
late a competitive equilibrium.

38



wig (1988) observes, “...it is not the endogenous treatment of interfirm communication
that solves the existence problem of Rothschild, Stiglitz, and Wilson. Instead the existence
problem is solved by the sequential specification of firm behavior which allows each firm
to react to the other firms’ contract offers.”>

While our work differs from that of Jaynes (1978, 2011) and Hellwig (1988) in several
ways, perhaps most important is that we consider information revelation by consumers
as well as firms.*® This allows the creation of asymmetries of information about insurance
purchases between established firms and deviant firms, which, in turn, enables the pool-
ing contract to be sustained in the context of a competitive non-reactive equilibrium. As we
have noted, there is a delicate balance: On one hand, one must prevent overinsurance by
high-risk individuals purchasing pooling contracts (which requires established firms to
know certain information), and on the other hand, one has to prevent a deviant firm from
having enough information to enforce an exclusive contract that would break the pooling
equilibrium. The consumer and firm information strategies we describe achieve this. In
contrast, at least in a simple setting, models relying on just firm information strategies
cannot do this, because they do not have any basis on which to engage in this necessary
kind of selective disclosure. Moreover, it is natural to allow consumer revelation of infor-
mation. Such revelation is a standard feature in markets with asymmetric information,
and especially when dishonest disclosure can be punished, it occurs naturally in such
markets, because less risky individuals attempt to distinguish themselves from the more
risky. Furthermore, the distinction that is central to our paper, and much of the literature,
between a requirement to “tell the truth and nothing but the truth,” and the requirement
to “tell the whole truth” is also a natural one. Individuals can be punished for lying (e.g.
when the accident occurs, the individual cannot collect on the benefits if it is ascertained
that he lied); but there may be implicit insurance, e.g. from one’s family, which is not

disclosed and the existence and non-disclosure of which is not punishable.

Welfare Economics of Adverse Selection

While our main focus has been on the analysis of equilibrium in markets with adverse
selection, section 4 addressed issues of the welfare economics of adverse selection, intro-

ducing the concept of constrained Pareto optimality. Our work can thus be viewed as a

55 More generally, changing the sequence of behavior, e.g. which side of the market moves first, can have a
significant effect on the market equilibrium. While in the context of insurance markets, it is natural to have
firms move first (making offers), in the context of other adverse selection models, e.g. the labor market where
individuals have to choose a level of education and firms have to decide the wages to pay to those with
different levels of education, there is more ambiguity. See Stiglitz and Weiss (2009).

5(’By the same token, while the equilibrium allocation we identify shares some features with that of the
limit-order book studied by Glosten (1994), the context is different; most importantly, there is not the endoge-
nous determination of information sharing between consumers and firms that is the central feature of our
analysis. It is important not to confuse the similarity of the allocations in these different settings with the
marked differences in the settings and the specification of the full equilibrium.
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continuation of that of Bisin and Gottardi (2006) who prove versions of the first and sec-
ond welfare theorems in a setting with adverse selection, but with exclusivity.57 Our result
in effect shows that a limited analogue of the second welfare theorem with nonexclusivity
(in the way we use the term) also holds: The (constrained) Pareto efficient equilibrium
that maximizes the utility of the low-risk individual can be implemented by a market
mechanism; and we show explicitly how it can be done. Moreover, in parallel to the first
welfare theorem, we have established that if there exists a market equilibrium it must be
CPE.

Attar, Mariotti, Salanié (2020a) take a normative point of view, similar to our analysis
in section 4. The constraint on which they focus is that the planner is unable to prevent
consumers from trading with a third firm. This is related to, but not the same as, the con-
straint on which we focus. Our definition of constrained Pareto optimality here and in our
earlier papers (2016, 2018) centers on the inability of government to force full disclosure,
though it may (as in our equilibrium construct) induce some disclosure.”® Thus, while the
allocation they identify is the same the logic is different.”” Still, it is not surprising that the

results are parallel.

Concluding Remark

Rothschild and Stigliltz (1976) and Akerlof (1970) showed that market equilibrium with
information asymmetries look markedly different from those without such asymmetries.
The difference in the characterization of the equilibrium in the two papers highlighted
the importance of information about purchases (quantities). Models that assume full dis-
closure to everyone, as RS and its decedents do, and models that assume no disclosure
to anyone, as in the standard adverse selection price equilibrium models, do not create
asymmetries of information about the amounts of insurance purchased. It is hardly a
surprise that such asymmetries matter. What is perhaps a surprise is how much they
matter: with appropriately structured asymmetries, which arise endogenously as part of

a natural definition of equilibrium in competitive markets with endogenous disclosure,

57Earlier, Greenwald and Stiglitz (1986 and Arnott, Greenwald, and Stiglitz (1994) had provided a more
general analysis of the first welfare theorem, showing that, in general, if and only if there is a single com-
modity does the first welfare theorem hold. Arnott and Stiglitz (1990, 1991) analyzed non-exclusivity in
competitive insurance markets with a fixed information structure.

580ne could, for instance, force disclosure but not restrict trade. It is, of course, difficult to restrict trade
without information about what trades occur. Thus, there is some presumption that the constraint restricting
trade is a more binding constraint. Moreover, as the discussion of section 8 makes clear, forcing disclosure will
not result in the asymmetries of information about insurance purchases required to sustain in a competitive
equilibrium the allocation E*.

% Attar, Mariotti, and Salanié (2020a) in discussing an earlier version of our paper, observe: “...the logic
of our approach is entirely different. First, these authors allow firms to react to the information disclosed
by their competitors by possibly enforcing exclusivity clauses, which is at odds with the very notion of side
trading that we emphasize. Second, [...] we are interested in the normative implications of side trading and
not in characterizing the equilibrium of a given extensive-form game.”

“
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equilibrium always exists, even without the single-crossing property being satisfied, and
entails partial pooling. Finally, it is extremely surprising (at least to us) that among all
possible information revelation structures in our setting, there exists a very simple struc-
ture that, without restricting what firms and consumers share with whom, endogenously

implements the equilibrium outcome.
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Appendix A: Proof of lemma 6.1

Proof. Given the equilibrium contract, a consumer purchasing more than @ must not re-
veal his full purchases to any firm from whom he has purchased insurance. We first prove
the following result: given the equilibrium disclosure rules, in spite of this non-disclosure
by consumers, there is at least one firm that knows all the firms from whom the individ-
ual has purchased insurance. Assume a consumer purchases more than « from K firms,
and suppose the consumer makes any set of disclosures. Pick up first the firm that is the
most informed (by the consumer) , say firm j;(< K), who knows about the consumer’s
purchases from firms 1, ..., j; (including his own sales) and does not know about his pur-
chases from firms j; +1,...,K, a group of firms undisclosed to j;. (When there is a tie
in which firm is the most informed, choose any of those; j; = 1 if a consumer does not
disclose anything to any firm). Focus then upon the firms (j; + 1,...,K) undisclosed to
j1, and consider a firm who is the most informed of the purchases from those firms, say
j2, who knows about the purchases from j; 4 1,. .., jo. Similarly, we consider the most in-
formed of the firms undisclosed to j, and j;, say j3. We can continue until we get ji, where
k = K. Then, clearly, the purchase from firm ji is undisclosed to firms ji, j2, ..., jk—1. Now
consider the disclosures by firms. As a firm discloses to any other firm that is undisclosed
by the consumer as his insurer, all the firms jy, j», . . ., jk—1 (at least) will disclose to the firm
jk their own sales and information received from the consumer, implying that the firm ji
knows all of the K purchases.

The result of lemma 6.1 is now immediate: since that firm knows all of the individual’s
purchases, it knows that the individual has purchased more than @, and so cancels the
policy. But the individual would not make those purchases, knowing that they would be

cancelled. 0

Appendix B: Multiple Contracts and Cross-subsidization

In this appendix, we show that our results hold even when firms are allowed to sell mul-
tiple contracts at different prices. The central issue is whether this allows a deviant firm to
break our putative equilibrium. A deviant firm does so to induce self-selection among the
applicants - with the self-selection process designed to reduce the costs of the high-risk
individuals buying insurance from the deviant.

The definition of equilibrium is modified to read:

Definition 3. An equilibrium is a set {C;} ;e p of contracts offered by firms such that no contract
results in a negative expected profit, and given the contracts offered by other firms {C_;}je m,
there does not exist any other set of contracts that any firm j can offer that would make positive

profits given consumers’ optimal responses to firms” announced contracts.
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This definition highlights that the deviant firm may offer a pair of contracts, losing

money on one but more than making up for it on the other.%’

A

p

|

&p « T ™~
E_I_“D “"_“L"_“D

Figure 5: Equilibrium can be sustained against a deviant firm offering multiple contracts
(Eg, G) or (Eg, G) offered at different prices as high-risk individuals also choose G (over
Eg), as (Eg, G) yields losses for the deviant firm (while inducing self-selection). In break-
ing the original equilibrium the high-risk individual purchases @ 4 ap. In keeping the
deviant firm from breaking the equilibrium the individual purchases & + ap + ay.

60By the same token, we can extend the definition still further allowing in equilibrium cross subsidization.
It is easy to show, however, that in our formulation, such cross subsidization cannot be sustained in equi-
librium: a firm could always attract just the low-risk individuals by offering a policy that they would prefer
slightly and that would not be preferred by high-risk individuals.
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We first discuss why the analysis presented in the text no longer works. (Ep, Ep +
S(E})) in figure 5 represent graphically the equilibrium allocation described earlier. Now
consider the deviant pair of policies (E}Eg, G), where E},Ep is a supplemental policy of-

fered at price § without disclosure (which, when combined with E}; leads to the allocation

T f %L without disclosure,

and with G being offered conditional on no additional insurance being purchased. There

Eg) and G is offered at a price lower than % but greater than

always exists a set (Eg, G) such that G is preferred by all the low-risk individuals while
Ep is preferred by all the high-risk, with the high-risk individuals supplementing E; with
E}Epg, yielding total insurance in figure 5 of ¥ + ap. Because the price of insurance is

greater than ; £ % the deviant firm makes a profit on G even though it makes a loss on

the contract purchased by the high-risk individuals. By carefully choosing the policy G
and the pooling supplemental policy which just separates (i.e., will be purchased by the
high-risk individual), the deviant firm can make overall positive profits. In particular, this
will be so if the supplemental policy is small. While there are large total losses associated
with the purchase of pooling insurance by high-risk individuals, most of those losses are
borne by the established firms, who now sell their pooling contract only to the high-risk
individual. The deviant firm gets all the low-risk individuals for all of their insurance,
and the high-risk people only for the supplemental amount Ep.

To prevent this type of deviation, we need to make the choice of G more attractive
to high-risk types, for instance, by providing more additional insurance at % than the
original equilibrium does, while limiting the total provision by all the firms to & in equi-
librium. One way of doing this is to have a latent contract,®! which offers an individual

P
-

sufficient amount of extra insurance at ;~ in the presence of a deviant contract G that

the high-risk individual purchases G. The established firms announce that they will sell

P
1-P

fixed quantity ar, which they will not disclose, and which the high-risk individuals then

to anyone who purchases insurance at a price lower than additional insurance in
supplement with secret insurance.®> An individual choosing G would not reveal to the
deviant firm d his purchases of pooling insurance from other firms, but has an incentive
to reveal to the established firms his purchase of low price insurance, for that triggers the

offer of supplemental insurance. But that means that the established firms don’t disclose

61The equilibrium allocation may be supported in other ways, but investigating that (both policy offers and
disclosure rules) would take us beyond the scope of this paper.

620f course, the latent contracts, being taken up only by high-risk individuals, would make a loss. We
emphasize however, that the equilibrium concept upon which we focus (the competitive equilibrium de-
fined above) does not require sub-game perfection, and does not require the firm to make non-negative
profits along any out-of-equilibrium path. Moreover, it is easy to construct commitment devices, which en-
tail payments from the established firms should it fail to offer the promised latent policy, which ensure that
established firms will indeed offer it, should any deviant firm try to cream skim. Note that the disclosure
strategies now also have to be somewhat more complex than before: consumers need to disclose not only the
quantity of insurance that they have purchased from each firm, but also the price; and firms then disclose
this information fully to those firms who have not been disclosed to be sellers of the insurance to the given
individual.
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their sales to the deviant, which ensures that the exclusivity provision associated with G

cannot be enforced.
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