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We investigate the impact of information disclosure, via a statistical instrument, on con-
sumer welfare in competitive insurance markets with limited screening. We demonstrate
that, under natural constraints on information disclosure, no statistical instrument is “safe”
to implement. There always exists a nonnegligible set of prior beliefs about the risk types of
consumers, compatible with an observed market situation, under which additional informa-

tion disclosure strictly worsens welfare.
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1. INTRODUCTION

Regulation of consumer-specific information in insurance markets is a controversial topic,
as it balances the concern for consumer protection on one side and the loss of efficiency due to
adverse selection on the other side.! This tradeoff is mitigated in competitive insurance markets,
where insurers have zero profits and the surplus is captured by consumers. In such markets, it
may seem intuitive that giving insurers more information about consumers should reduce the
adverse selection and improve efficiency. Yet, this paper shows that, when allowing for entry
and exit of consumers, regulators cannot dismiss the possibility that disclosure of information
related to consumer risk will worsen the welfare. This result highlights the need for regulators
to exercise caution when considering the disclosure of consumers’ private information.

We consider a competitive insurance market with a continuum of consumers, as in Bisin and
Gottardi (2006), Azevedo and Gottlieb (2017), and Farinha Luz et al. (2023). Consumers are
heterogenous in both the underlying risk and their risk preferences, which have been identified
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as two major sources of private information (Finkelstein and McGarry, 2006, Einav et al., 2007,
Cutler et al., 2008). Insurers are risk neutral expected utility maximizers who have limited abil-
ity to screen consumer risk types.? We model additional information as a monotone instrument
that classifies consumers into two groups: high-risk and low-risk. Once the instrument is intro-
duced, the insurers are allowed to condition insurance prices on this classification. We show
that, for every equilibrium outcome in the initial market, there always exists a nonnegligible
set of prior beliefs about consumer risk types compatible with this equilibrium outcome, under
which introduction of this instrument reduces welfare.

Our analysis builds on the broader literature on second-best reforms arguing that removing
distortions does not always lead to improvements.® In the context of competitive insurance mar-
kets, a prominent argument for why public information about consumer risks can be detrimental
to welfare is that of price uncertainty (e.g., Hirshleifer 1971, Boyer et al. 1989, Rothschild and
Stiglitz 1997, Schlee 2001, Handel et al. 2015, Farinha Luz et al. 2023, and Veiga 2024). A
typical example of price uncertainty in the context of health or life insurance is genetic testing.
Risk-averse consumers may refuse a free genetic test, because the test results and the associated
health insurance prices are uncertain. Notice, however, that this argument does not apply when
dealing with information that consumers already know. E.g., in our example above, consumers
know whether they are married or not, thus facing no uncertainty in the event this information
is released to the insurers. Our paper is different from the above literature in that we shut down
the channel of price uncertainty and isolate a different effect: entry and exit of consumers.

Two related papers, Crocker and Snow (2013) and Farinha Luz et al. (2023), reach the con-
clusion that more information is always better in competitive insurance markets. They allow
for unrestricted screening, where each consumer type reveals themselves by selecting the most
suitable contract for that type. Consequently, the reduction in information asymmetry can only
be beneficial as it relaxes the incentive compatibility constraints in the contract design. In con-
trast, in this paper we assume limited screening. This is a practical assumption, as in reality
insurance contracts rarely feature a continuum of options that consumers can choose from. Un-
der this assumption, the above conclusion of Crocker and Snow (2013) and Farinha Luz et al.
(2023) needs not be valid.

Another related paper is Garcia and Tsur (2021), who characterize optimal information pro-
vision in competitive insurance markets with limited screening, addressing the trade-off be-
tween risk sharing and contract adaptation. They show that full release of private information
is generally inefficient, and that optimal design matches consumer risk types in a negative as-
sortative manner. In contrast, we do not take the information design perspective, and consider
only monotone information structures, thus ruling out negative assortative matching.

2For simplicity, we assume that the insurers can offer only full-coverage insurance contracts. What is essential is

that full separation of risk types cannot be achieved. See Section 5 for a discussion.
3For example, competitive equilibria are often not Pareto optimal in incomplete markets; but partially completing

incomplete markets can make everyone worse off (Hart, 1975).
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Our paper is related to the literature on information provision in the Akerlof’s (1970) frame-
work. Within this framework, Levin (2001) examines how changes in information asymmetry
within adverse-selection markets affect trade volumes, demonstrating that increased informa-
tion asymmetry can have non-monotonic effects on trade.

In addressing inefficiencies linked to information disclosure, we also contribute to the liter-
ature on information regulation related to privacy. Typically this literature studies allocations
with monopolistic firms, as in Eilat et al. (2021) and Bird and Neeman (2022). In such set-
tings, information disclosure is associated with the loss of consumer information rents. This
channel is absent in our setting with competitive insurance markets. Therefore, we see our ap-
proach as complementary to information design for pricing within monopolistic markets (see
also Bergemann et al., 2015, Roesler and Szentes, 2017, Hidir and Vellodi, 2021).

2. ILLUSTRATIVE EXAMPLE

Consider a homeowners insurance market with risk-averse consumers who face an uncertain
loss. Several insurance firms simultaneously offer full-coverage contracts, where the consumer
pays an upfront price in exchange for full compensation in the event of a loss. Each consumer
chooses the cheapest available contract among those offered or opts out from buying insurance.

The firms initially classify the consumers into broad categories based on observable charac-
teristics, such as location and property value. Let us focus on one such category. Suppose that
there are three consumer types within that category. For each type j = A, B, C, a consumer of
that type faces a lottery whose expected loss is u; and is willing to pay v; for the full-coverage
insurance of the loss. The values of (u;, ;) and their measures are as follows:

Consumer Type, j | A B C
Measure, P(j)[1/3 1/3 1/3

11 100 120 140

v 110 131 152

This is a standard setting of adverse selection with firms competing for consumers. In the
unique equilibrium, types B and C purchase insurance, while type A does not participate due
to adverse selection. Indeed, the expected loss of types B and C' together is

(1, .1 LR
b=\ 3hs T 3Hec 373) "%

Because the firms compete for consumers, they offer the same price p,.. At this price, both types
B and C are willing to buy insurance (as both vz and v are above p,.), while type A is not (as
v 4 is strictly below p, ). Finally, the firms cannot profitably deviate by undercutting the price
to attract type A. Indeed, to attract type A, the price must be lowered to at most v, = 110. But
in that case the expected loss from all three types would be (p4 + s + pc)/3 = 120, which
strictly exceeds the price.



The monetary gain of each consumer type j from buying insurance (relative to not buying)
is given by j’s willingness to pay net of the price, v; — p,.. Since the firms make zero profit, the
welfare under the equilibrium price p, is the weighted monetary gain of the consumers who
buy insurance at this price:

1 1 23
W(p.) = g(VB — D)+ g(Vc —p.) = 3 ~7.7.

Now, suppose that a regulator is concerned that only two thirds of the consumer base pur-
chase insurance. Understanding the issue of adverse selection, the regulator considers whether
to allow the firms to use additional information about consumers’ marital status ¢ € {¢,,,t,,}
(unmarried/married), with the goal to reduce adverse selection. Suppose that the measures of
unmarried consumers conditional on their types A, B, and C, are 1/4, 1/2, and 3/4, respec-
tively. Thus, being unmarried signals a higher expected loss. The joint distribution over the type
and the marital status is as follows:

A B C
t,|1/12 1/6 1/4
tm|1/4  1/6 1/12

With this information, the firms update their pricing. The unique equilibrium is as follows. In
the married category (¢,,), types B and C' purchase insurance, while type A does not partici-
pate. Indeed, the expected loss of types B and C' the married category together is

m_ (L, 1 T, 1) 380 o
P =\ gHB T 1pHe 6 12) 3 :

At this price, both types B and C' are willing to buy insurance (as both vz and v are above
p™), while type A is not (as v, is strictly below p*). Next, in the unmarried category (t.,),
only type C purchases insurance, while the other types do not participate. Indeed, the expected
loss of type C' in the unmarried category is given by p* = uc = 140. At this price, type C' is
willing to buy insurance (as v¢ is above p¥), while types A and B are not (as both v, and
vp are strictly below p*). Finally, it is straightforward to verify that the firms cannot profitably
deviate by undercutting the prices in either category.

Observe that introducing information about marital status strictly worsens the outcome: Type
A remains excluded, and type B exits the market in the unmarried category. The new welfare
is equal to:

1 1 380 1 380 35
W (pt,p™) = ~ (152 — 140) + - (131 = 222 ) + = (152 - 20 ) = 2 x 5.8

which is strictly smaller than the original welfare of approximately 7.7. This example illustrates
the main result of the paper: More information may reduce welfare. The unmarried consumers
face a higher price, causing some of them to exit the market, while the married consumers face
a lower price, but not low enough to attract any of them to enter the market.
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3. BASELINE MODEL

This section presents a stylized model of a competitive insurance market. For ease of presen-
tation, we make several simplifying assumptions. A discussion of the role of the assumptions
is deferred to Section 5.

Consider an insurance market with n > 2 firms, denoted by the set N = {1,...,n}, and a
continuum of risk-averse consumers. Each consumer is characterized by a type (u,v) € [0, 7]?,
with 7 > 0, where 1 denotes the expected uninsured loss and v denotes the willingness to pay
for the full-coverage insurance. The difference v — p is the monetary gain from insurance. This
type specification is quite general, allowing for risk attitude and wealth heterogeneity, as well
as a rich set of distributions of losses.

Let P be the set of measures P € A([0,7]?) that have no mass point on any specific value of
v, and have a strictly positive mass of consumers with a strictly positive expected loss :

P([0,7] x {v}) =0 foreachv € [0,7], (A1)
P((0,7] x [0,7]) > 0. (A2)

Let P € P be a commonly known measure. It describes the empirical distribution of types
within the population of consumers. The firms and consumers are engaged in the following
game, denoted by T'(P). First, each consumer privately observes their own type. Second, each
firm ¢ € N chooses a price p; € R, of full-coverage insurance. The firms choose prices si-
multaneously. Finally, each consumer chooses whether to buy insurance, and if so, from which
firm to buy it. The payoffs associated with each consumer type (i, v) € [0, 7] are as follows.
If the consumer with type (1, ) buys insurance from a firm 7 at price p;, then the consumer’s
payoff is v — p;, firm ¢’s payoff is p; — u, and all other firms’ payoffs are zero. Otherwise, if
this consumer does not buy insurance, then everyone gets zero.

For each ¢ € N, firm ¢’s strategy is a price p; € R ;. A consumer’s strategy is a mapping
o:[0,7]* x RY — A({0,1,...,n}) that associates with each type (u,v) € [0,7]* and each
profile of prices (p1,...,p,) € R’ offered by the firms a probability distribution over choices
in the set {0,1,...,n}. Choice i € {1,...,n} is interpreted as a purchase of insurance from firm
i, and ¢ = 0 is interpreted as no insurance. Assume that o is P-measurable with respect to
(p,v) for each (py,...,p,) € R}.

Denote p_; := (p;)jen i3~ Let B;(w, v, p;, p—;) € [0,1] be a belief of firm i about the prob-
ability that consumer with type (i, v) buys insurance from ¢ given a profile of prices (p;,p_;).
Let 3= (f1,...,5,) and p= (p1, .., Pn)-

Given a belief mapping 3; and a price profile p_; of firms other than ¢, firm 7’s profit from
offering price p; is

7 (Di,D—is Bi) =/ (pi — 1) Bi (1, v, D15 ooy P ) P(dp, dv).

(u,v)€[0,7]



Given a price profile p, the payoff of consumer with type (u,v) is

u(o,pm,v,p) =Y oi(p,v,p) (v —pi).
iEN
A tuple (p, o, B) is a perfect Bayesian equilibrium (PBE) if the following conditions hold:
(a) Firms make profit-maximizing choices:

p; € argmaxm;(p;,p_s,3;), forallie N.

PERL

(b) Consumers make payoff-maximizing choices:

oi(p,v,p) >0 implies v — p; = max {m%((y —pj),O} ,
Jje
foralli € N and all (u,v) € [0,7]°.

(c) Firms’ beliefs are consistent:
Bi(u,v,p) = o;(u,v,p), forallie N and all (u,v) € [0, 7).

A PBE is an outcome of Bertrand competition among homogenous firms. In equilibrium, a
consumer with type (u,v) € [0, 7]? buys the insurance at the lowest available price p’ if v > p/,
does not buy it if ¥ < p’, and is indifferent if v = p’. Given a profile of equilibrium prices
(p1, .-, Pn), the insurance is traded only at the lowest price p, = min{p, ..., p, }, which will
be referred to as the equilibrium price. By (A;), the set of consumer types who are indifferent
between buying and not buying insurance at p, has measure zero, so w.l.o.g. the set of con-
sumers types who buy at p, is [0, 7] X [p.,7]. All firms obtain zero profit in equilibrium. The
equilibrium price p, has a property that it yields zero profit, and no firm can make a strictly
positive profit by undercutting it with a lower price, p < p..

The next lemma shows that a PBE exists, and presents its key property that we will use to
prove our main result. To state the lemma, we introduce the following notation. Let 7 (p)
be the profit of a monopoly firm when it offers price p and believes that consumers buy the

insurance at this price if and only if their willingness to pay v satisfies v > p:
' (p) = / (p — ) P(dp, dv). (1
[0,7] % (p,7]

LEMMA 1: Foreach P € P:

(i) there exists a PBE of game T'(P);

(ii) for each p, € Ry, there exists a PBE of game T'(P) whose equilibrium price is equal to
p. if and only if p, satisfies

™(p,) =0, and 7"(p)<0 forallp<|[0,p,). )
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Let p € R, be an equilibrium price and let z € [0, 1] be a mass of consumers who buy at
that price. Given (p, z) € R, x [0, 1], write S(p, z) for the set of P € P such that there exists
a PBE (p, 0, 3) of game I'(P) that satisfies
(1) p=min{ps,...,p.},

(i) = = P([0,7] x [p, 7).

Endow S(p, z) with the weak topology.

An observable situation is a pair (p, z) € R, x [0,1] of a price and a quantity of sales that
the regulator could possibly observe in some equilibrium under some prior.

DEFINITION 1: Say, that (p, z) is an observable situation if S(p, z) # ().

4. REGULATION OF INFORMATION

We are interested in the welfare implications of providing information to the firms. Sup-
pose that, in addition to type (u,v), each consumer has a characteristic ¢ € {H, L} that is
irrelevant for the consumer’s payoff but may be informative about the consumer’s type. Let
A :[0,27]*> — [0,1] be a Borel function. For each type (u,v) € [0,7]%, A(u,v) and 1 — A(p, v)
are conditional measures of consumers with characteristics ¢t = H and ¢t = L, respectively,
among the consumers with type (u,v). We refer to 7 = ({ H, L}, \) as an instrument. We call
an instrument 7 = ({H, L}, \) monotone if \(u,v) is strictly increasing in x for each v. The
monotonicity of A(u,v) in p means that the characteristic ¢ is more likely to be H when the
consumer has a higher expected loss. Let T' be the set of monotone instruments.

Let P € P be a commonly known measure representing prior beliefs about (u,r) and let
7 € T be a commonly known monotone instrument. In the baseline game (Section 3), charac-
teristic ¢ is not present. We interpret it as if the firms do not observe ¢ or are not allowed to
condition the contracts on t. We compare the baseline game with the following game where
t is publicly observable.* First, as in the baseline game, each consumer privately observes
their own type (u,n). In addition, each consumer’s characteristic ¢ is observed by everyone.
Second, each firm 7 € N chooses a pair of prices (p;’,p;) € R2, where p} is the price of
full-coverage insurance offered to every consumer with characteristic ¢t € {H, L}. The firms
choose prices simultaneously. Finally, each consumer chooses whether to buy insurance, and
if so, from which firm to buy it. Consumers with characteristic ¢t = H can only choose among
the prices in {p¥, ..., p¥}, and consumers with characteristic ¢t = L can only choose among the
prices in {pL,...,pE}.

An equivalent formulation of the above is that the population of consumers is divided into
two categories, t = H (high-risk) and ¢t = L (low-risk). Then, there are two independent games,
one for category t = H and one for category L that are identical to the original game but with
different distributions of the consumers in the population. The game for the category ¢ € { H, L}

“This is realistic in many applications, such as the one presented in Section 2 where a consumer’s marital status is
public knowledge. In Section 5 we discuss the assumption that ¢ is observed only by the firms but not by consumers.
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is T(P*(P,\)), where P(P,\) is the posterior distribution conditional on ¢ obtained from P
and )\ by Bayes’ rule.’

Our question is whether the regulator could guarantee to increase the welfare by using any
given monotone instrument. The difficulty that the regulator faces is that the welfare may go
up or down, depending on the prior. However, we assume that the regulator does not know the
prior. The regulator only sees the instrument 7 and the observable situation (p,, z, ) describing
an equilibrium price and a mass of consumers who buy at that price in an equilibrium of the
game where the instrument 7 is not introduced and the characteristic ¢ is not observed.

We compare the welfare before and after the instrument 7 is introduced, in every pos-
sible equilibrium of the “before” game that is consistent with a given observable situation
(p.,2.) and every possible equilibrium of the “after” game. To evaluate the welfare, let
Fp(v) = P(|0,7] x [0,v]) be the marginal CDF of v under P. Let P(u|v) be (a version of) the
conditional distribution of y given v (e.g., Billingsley, 2017, Section 33). The original welfare
(without the instrument) under equilibrium price p, is given by

We(p.) = / max{v — p,,0}P(dp,dv) = / (v — p.)Fp(dv). 3)
[0”7]2 Px
Next, for each t € {H, L}, consider an arbitrary equilibrium of the game T'(P*(P,)\)) (which
exists by Lemma 1), and let p’ be the corresponding equilibrium price. The welfare with the
instrument 7 under the equilibrium pair of prices (pf, pL) is given by

Wi(pl,pl) = /[O y (maX{V — pH 0¥ (1, v) + max{v — p=,0}(1 — A(u, u)))P(d,u, dv)

= [ @ =p MA@ E @)+ [ =)= A Fe(a), @

H
¥

where

50 = [ A PGl )

DEFINITION 2: Suppose that (p,z) is an observable situation. Say, instrument 7 =
({H,L},\) € T is potentially welfare damaging in (p,z) if there exists a nonempty open
set U C S(p,z) such that for all priors P € U and all equilibria of games I'(P¥(P,\))
and T'(PX(P,\)) with the corresponding equilibrium prices p” and pZ, we have Wp(p) >
WEpi,pi).

SFor each X C [0, ]2, the posterior probability of X conditional on ¢t = H, denoted by PH (P, \)[X], is given
by [ A(u,v)P(dp,dv)/ f[O’D]Q A, v) P(dp, dv). The expression for P (P, A)[X] is analogous. Since A(x, v)
is strictly increasing in g, it is in (0, 1) for P-almost all (11, /). Hence, the posteriors P (P, A) and P~ (P, \) are
well defined, and properties (A1) and (Az) are easily verified for both of them.
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Our main result shows that no monotone instrument is “safe” to implement. For any observ-
able situation on the insurance market that has a strictly positive amount of sales (i.e., z > 0),
every monotone instrument can potentially reduce the total welfare.

THEOREM 1: For every observable situation (p,z) with z > 0, every instrument T € T is
potentially welfare damaging in (p, z).

The proof is in the Appendix. The intuition is as follows. The introduction of a monotone
instrument raises the price for consumers classified as high-risk, from an initial value p up to
some new value pf. At the same time, it lowers the price for consumers classified as low-
risk, from p down to some new value pZ. High-risk consumers whose willingness to pay is
between p and p no longer buy insurance, thus contributing to welfare loss, whereas low-risk
consumers whose willingness to pay is between pl and p switch from not buying to buying
insurance, thus contributing to welfare gain. However, the observable situation does not provide
any information about the relative mass of the consumers who contribute to welfare gain to
those who contribute to welfare loss. There always exists an open set of priors P under which
the latter dominates the former.®

5. DISCUSSION

We now discuss several assumptions and their role in our results.

Informed firms. A natural extension of our analysis concerns the case where firms possess
prior information about consumers and are allowed to offer contracts conditional on this in-
formation. This can be modeled as a publicly observable signal k € {1,..., K'} that carries
information about consumer type, where each k occurs with a strictly positive probability, and
a posterior distribution of the consumer type conditional on each k is in P. The game begins by
Nature drawing k. The subgame after each possible realization of k is as described in Section
3. Theorem 1 then applies separately for each k.’

Partial coverage contracts. We have only considered the simplest contracts that offer full
coverage to consumers, and do not permit any screening, except for the consumers’ partici-
pation decision. However, the crucial modeling feature that Theorem 1 relies on is that some
types are pooled in equilibrium. This feature remains unchanged if we allow for a finite menu
of contracts {(p, )}, where p is a price and x is an insurance cover, under the assumption of

5By a symmetric argument, it can also be claimed that, for every observable situation (p, z) with z < 1 and every
monotone instrument, there exists a non-empty open set of priors such that this instrument is welfare improving.

7Specifically, for each k, each observable situation (pk,zr), and each monotone instrument 7y, the proof of
Theorem 1 constructs a distribution Py, that yields (py, 2 ) in a PBE, such that the welfare conditional on k strictly
goes down after the introduction of 7. Denoting by gy, the probability of k, the prior P is then constructed from the
posteriors (Pr)rex as follows: P(X) =35 | Py(X)qx foreach X C [0, 7]2.
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a parametric family of the consumers’ utility functions (e.g., CARA).® Pooling of risk types
in competitive equilibrium can emerge under other modeling assumptions, such as transaction
costs (Allard et al., 1997)° or under other solution concepts, such as the equilibrium concept
E2 proposed by Wilson (1977).

Observability of instruments. We have assumed that the realized characteristic ¢ of the instru-
ment is publicly observable. Suppose instead that ¢ is observed only by the firms. This does not
change the equilibrium analysis, because the consumers’ payoffs are independent of ¢ and their
decisions to buy or not to buy insurance are made ex post, after they receive price offers from
the firms. However, it may affect the evaluation of welfare from the consumers’ perspective.
Ex ante the consumers don’t know their characteristic ¢ and, thus, they face another layer of
uncertainty, namely, the uncertainty about price they will be offered.!® As the consumers are
risk averse and dislike uncertainty, this would reinforce the main message of the paper that
additional information disclosure may strictly worsen welfare.

Non-monotone instruments. We assume strict monotonicity of instruments for Theorem 1
to hold. If we allow for weakly monotone instruments, we obtain a weaker result: for every
observable situation, every weakly monotone instrument is potentially weakly welfare dam-
aging, in the sense that the welfare reduces only weakly. This is because the key part of the
proof is that, after the introduction of the instrument, a strictly positive mass of consumers who
previously bought insurance are now categorized as high-risk, face a higher price, and decide
not buy insurance. Such a mass of consumers need not exist if the instrument is only weakly
monotone, so that it could treat all types in some interval identically.

The assumption of instrument monotonicity is reasonable for many applications. If we dis-
pose of the monotonicity assumption entirely, then our result need not hold. Garcia and Tsur
(2021) show that a welfare improvement can always be achieved by an instrument that pools
high-risk and low-risk types pairwise in a negative assortative fashion.

Non-binary instruments. Our results extend to instruments that categorize consumers into
m > 2 categories, with finite m, as long as the likelihood ratio of the underlying risk between
each pair of categories is weakly monotone, and for some pair it is strictly monotone. Our proof
applies verbatim for each pair of categories, and the intuition for this result does not change.

Restrictions on priors. We assume that the set of admissible priors P contains only distribu-
tions that satisfy (A) and (A;). The latter rules out the trivial case where all consumers have
zero loss (u = 0) almost surely. The former stipulates that the marginal distribution of v has no

8The proof follows the same steps, but the construction of the prior distribution of consumer types is more intricate.
The support of types is concentrated in small intervals to the right of the threshold types (who are indifferent between
adjacent contracts in the menu). As a result, when the instrument is introduced, the consumers switch only downwards,

to contracts with less coverage, thus causing the welfare to decrease.
°See also Chade and Schlee (2020) who study pooling with a monopolist insurer.
0Unless they have a special kind of preferences that is neutral to the price uncertainty (see Segal, 1990).
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mass points. On the one hand, it is natural to assume that consumers have diverse preferences
that do not cluster at any specific point. On the other hand, this assumption simplifies the ex-
position while making no difference on our results, ceteris paribus.!! Indeed, Lemma 1(i) and
the “if” part of Lemma 1(ii) do not depend on (A;) at all, and the “only if” part of Lemma 1(ii)
can be easily extended.'” Theorem 1 continues to hold as its proof relies on Lemma 1, and its

key argument is constructive and does not require (A;).

Sufficient conditions for welfare improvement. We allow for all priors that satisfy (A;) and
(As). A natural question is that if there are sufficient conditions on the set of priors so that a
given instrument or a subclass of instruments are welfare improving for all these priors. This is

an open question that we leave for future research.

Pareto incomparability. We would like to point out that the equilibrium payoffs of consumers
before and after the introduction of an instrument are not Pareto comparable. When a monotone
instrument is introduced, the equilibrium price for consumers with ¢t = H goes up and the
equilibrium price for consumers with ¢t = L goes down, so the former are worse off and the
latter are better off. Of course, if the instrument increases (decreases) the welfare and monetary
transfers are feasible, then a regulator can always design a transfer scheme that strictly increases
(strictly decreases, respectively) the utility of each type of consumers when the instrument is
introduced, as this utility is measured in money and the transfers are additive.

APPENDIX A: PROOFS
A.1. Proofs of Lemma I

Fix P € P. By construction, 7 (p) is right-continuous in p."* Clearly, 7* () = 0. Since P
satisfies (Ay), 7 (0) < 0. Hence, there exists p. € (0, 7] that satisfies (2).
Fart (i). Because there exists p, that satisfies (2), part (i) follows from part (ii).

""The key conceptual issue that arises if (A1) is not assumed is that firms may have strictly positive profits in
equilibrium. This may occur if the equilibrium price p.. coincides with a mass point of v. But, our definition of
observable situation does not capture the firms’ profits. If we include the producer surplus to the observable situation,
then a new channel of effect emerges. An instrument (even negligibly informative one) may be used to introduce

noise that breaks apart the mass point in the consumers’ preferences, and by doing so, redistributes the surplus.
12If (A1) is not assumed, then 7™ (p) need not be continuous. Thus, it may no longer be true that 7 (p*) = 0

in equilibrium, so (2) need not hold. However, 7 (p) is right-continuous by construction. The “only if” part of the
proof of Lemma 1 (ii) can therefore be adjusted to show that there exists a PBE whose equilibrium price is p.. only if
7™ (p,) > 0and 7 (p) <0 forall p < p., and such p.. € [0, ¥ exists by the right-continuity of 7, 734 (0) < 0,
and 7™ (D) > 0.

3Discontinuity of 7™ can only occur at points p where P has an atom at v = p, i.e., P([0, 7] X {p}) > 0. This
is ruled out by (A). However, right-contimuity of 7 (p) holds even without (A;). To see this, consider an atom
at p and a sequence py J p. Then the area of integration, [0, 7] X (pk, 7], excludes this atom for all k, and thus
M (pr) — M (p) as py | p.
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Part (ii), if. Let p, satisfy (2). A PBE (p, 0, 3) is constructed as follows. For each profile of
prices p = (p1, .-+, Pn ), denote

pmin(p) = min{plv "'7pn} and J(p) = {J € {17 aN} ‘D :pmin(p)}'

For each type (u,v) € R, each profile of prices p = (py, ..., pn), and each i € N, let

0, otherwise.

oi(p,v,p) =

That is, consumers buy insurance at the smallest offered price p..,:»(p) whenever they strictly
prefer buying (as compared to not buying) it. Moreover, whenever they buy, they randomize
with equal probabilities among all firms that offer p,,,.,, (p).

Next, let 3 be given by 8; = o; for each i € N, so the firms’ beliefs are correct. Finally, let
p be given by p, =p, forall : € N.

Clearly, o and 3 satisfy conditions (b) and (c) of PBE by construction. To see that p; = ... =
P, = Ps are equilibrium prices, observe that the firms equally share the monopoly profit, so
i (pe, p—s) = ™™ (p.) /N, which is zero by (2). For each i € N, firm ¢’s deviation to p} > p,
is not profitable, because, according to [;, firm ¢ would make no sales. Firm i’s deviation to
P < p. is not profitable either, because, according to (;, firm ¢ would become a monopolist
seller at price p/, and 7™ (p}) < 0 by (2). Consequently, (p, o, 3) is a PBE.

Part (ii), only if. Let (p, 0, 3) be a PBE, and let p, = min{py, ..., p,, } be its equilibrium price.
By conditions (b) and (c) of PBE, the consumers buy insurance at the lowest offered price, and
the firms have correct beliefs about it. By (A,), 7™ is continuous. If 7 (p,.) > 0, then any firm
i can profitably deviate by offering p/ that marginally undercuts p,.. If 7 (p..) <0, then there
exists firm ¢ that offers p; = p. and gets strictly negative profit. This firm can profitably deviate
by offering p; = U, thus guaranteeing at least zero profit. It follows that in equilibrium we must
have 7 (p..) = 0, and all firms get zero profit. Finally, if 7 (p) > 0 for some p < p., than any
firm ¢ can profitably deviate by offering p; = p, thus becoming a monopolist seller and getting
a strictly positive profit. We conclude that (2) holds. Q.E.D.

A.2. Proof of Theorem 1

As a first step, we show that if (p., z.) € R, x (0,1] is an observable situation, then price
p.. satisfies

0<p, <D (6)

Indeed, let (p.,z.) € R, x (0,1] be an observable situation, let P € S(p., z.), and let 7 (p)
be the profit of a monopoly firm given by (1). By Lemma 1(ii), the equilibrium price p, satisfies
7M(p,) = 0. By (A,), we have 7 (0) < 0. Since z, > 0 by assumption, we have Fp(p,) =
1 — 2z, < 1. Thus, by (A;), we have p, < . We obtain (6).
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As a second step, for an arbitrary observable situation (p., z,) with z, > 0, we construct a
measure P € S(p., z.) such that p, is the unique equilibrium price under P. Define P through
its marginal CDF Fp(v) and its conditional distribution P(u|v) as follows. Let

m(v) = (1 — %) % + %1/ for each v € [0, 7]. 0

Note that, by (6), m(v) is strictly increasing in v, and m(v) € (0,7) for all v € [0, 7]. Define
20z, ifve(0,2),

Fe(v)=<1- 2., if v € [2,p,), ®)
1—z*+ﬁ(u—p*), if v € [p,, 7],

P(p|v) assigns probability 1 to = m(v) for each v € [0, 7], )

By (6), Fp is well defined and m is strictly increasing. By construction, Fp is continuous,
so (A,) is satisfied. Also, P((0,7] x (0,7]) =1 — Fp(0) =1, so (A,) is satisfied. To see that
P € S(p«, 24), observe that z, is the equilibrium quantity under P given price p,:

P([0,7] x (ps, 7]) =1 = Fp(p.) = 2.

Also, p, is an equilibrium price under P for the following reason. By (9), substitute i = m(v)
into (1) and obtain

M (p) :/V (p—m(v)) Fp(dv). (10)

. 2
—z.(p. —p) = 2 (0 - %) (% —p) ., pef0.B),
p): _Z*(p*_p)v pe[%vp*)a (11)

Zx

,;(;_p*)(p—p*)(ﬁ_p) (’7_%)7 pe[p*,ﬁ].

We thus obtain that 7 (p,.) = 0, 7 (p) < 0 for all p < p,, and 7 (p) > 0 for all p € (p.,v).
Hence, by Lemma 1(ii), p. is the unique equilibrium price under P.

Let 7 = ({H,L},\) € T. We show that, for all equilibria that emerge under signals H and
L, the associated equilibrium prices, p and pZ, respectively, satisfy p, /2 < pL < p, < p. To
do this, we use Lemma 1(ii). Let

WH(p)—/[ » ](p—u)A(M,V)P(du,dV),
0,7]| X (p,v

w(p) = / (b — 1)(1 = A, ) P(dps, ).
[0,7]x (p,7]
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Note that 7 and 7% are the monopoly profit functions under the posteriors induced by signals
H and L, up to multiplication by positive constants f[o’a]g A, v)P(dp,dv) and f[op]Q(l -
A, v))P(dp, dv), respectively. By (5) and (9), we obtain

7 (p) = / (0 = m)A(m) Fp(dv), (12)
7 0)= [ (p- )~ AW)Fr(a@), (13

Consider an arbitrary equilibrium under H, and let pf be the corresponding equilibrium price.
By Lemma 1 (ii), p¥ is an equilibrium price if and only if 7% (pf’) = 0 and 7% (p) < 0 for
all p < pE. Thus, to prove p > p,, it suffices to show that 7 (p) < 0 for all p < p,. For
p € [0,p./2), we obtain 7 (p) < 0, since, by (7), we have p — m(v) < 0 for all v > p. For
P € [p+/2,p.), we obtain

m~1(p) ~ v -
7 (p) = / (p — m(v))M(m(v)) Fo (dv) + / (p — m(v)A(m(v)) Fo(dv)

m~1(p)

m~1(p) v
<A(p) ( / (p— m(v)) Fo(dv) + / <pm<u>>Fp<du>>

m~1(p)

where the first equality is by rearrangement of (12), the first inequality is because p — m(v) > 0
when v € [p,m(p)), p — m(v) < 0 when v € (m~'(p), 7], and X is strictly increasing, the
second equality is by (10), and the second inequality is by (11) and p € [p../2,p.)-

Next, consider an arbitrary equilibrium under L, and let p% be the corresponding equilibrium
price. By Lemma 1 (ii), 7% (p%) = 0 and 7*(p) < 0 for all p < pZ. Thus, to prove that p, /2 <
pL < p,, it suffices to show that 7% (p) < 0 for all p < p,./2, and 7*(p..) > 0.

Let us show that 7 (p) < 0 for all p < p. /2. Let p € [0,p./2). By (7), p — m(v) < 0 for all
v € [p,v]. Then, by (13), it is immediate that 7% (p) < 0.

Next, let us show that 7% (p.,.) > 0. Evaluating (13) at p = p.., we obtain

m~ 1 (px) .
)= [ =m0 - () Fe(d)

+ / (e m)(1 = M) F(dv)

m=1(py)

. m~(py) 17
> (1= A(p.)) (/ (ps —m(v))Fp(dv) +/ (ps — m(V))FP(dV)>

P m=1(py)

= (1= A(p.)m(p.) =0,
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where the first equality is by rearrangement of (13) with p = p,, the inequality is because
p. —m(v) >0 when v € [p,,m~(p,)), p. —m(v) <0 whenve (m='(p,),7],and 1 — X is
strictly decreasing, the second equality is by (10), and third equality is by (11).

Next, denote b = z, /(¥ — p.). Note that b is the density of Fip for p > p... We have

Wi, pl) = Wp(p.) =

= / = pAmE) Fe(ay) + [

H L
* p*

14

(v — pP)(1 = Am(v))) Fa(d) - / (v — p.)Fo(dv)

Px

v

= [ = meDAmE)E@) + [ 0 m)1 - M) Er (@)

H
* Py

- [ w=m) i

v

= / (um(y))X(m(y))de/y(ym(u))(1 - X(m(u)))bdu/ (v —m(v))bdv

y D P

— (1 . %) /:H (,, - %) A(m(v))dv < 0. (14)

v

The first equality is by (3), (4), and (9). The second equality is by (10), (12), (13), and the fact
that 7 (p,.) =0, 7 (p¥) = 0, and 7¥(p%) = 0 by Lemma 1(ii). The third equality is because
p+/2 < p; < p. and, by (8), Fp has zero density on (p./2,p.), and thus we can increase
the lower integration bound from pL to p, in the middle integral. The fourth equality is by
substitution of m(v) from (7) and rearrangement. The inequality is because p, < p%, < 7, A is
strictly positive, and, by (6), b=z, /(7 — p.) > 0.

Finally, let (Py)x—1,2,... be a sequence of priors in S(p., z,) that converges to P (in weak
topology). Let w' and 7} be given by (12) and (13), respectively, but under P, instead of
P. Let pf be the smallest price that satisfies 7/’ (pf7) = 0 and 7 (p) < 0 for all p < pf.
Let pf be the largest price that satisfies 7+ (p£) = 0 and £ (p) < 0 for all p < pr. Observe
that the graphs {(p, 7 (p)) : p € [0,7]} and {(p, 7 (p)) : p € [0,7]} converge pointwise to
{(p, 7" (p) : p € [0,7]} and {(p, 7" (p) : p € [0, ]}, respectively, as k — oo. Thus, as k — oo,
we have pf! — pf and pf — pZ, where p’ and pl are the smallest and the largest equilibrium
price under prior P and signals H and L, respectively. Moreover, for ¢ = min{p, — p%,p¥ —
D« }/2, there exists large enough k, such that

pE+e<p,.<pll —e forall k> k. (15)
By (14), (15), and the continuity of W and W in P, we obtain W (p;!, py) < Wp, (p.) for

all k > kq. This proves that the welfare strictly goes down due to signal 7 for all priors in a
small enough neigborhood of P in S(p., z.). Q.E.D.
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