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Abstract

In selection markets, where the cost of serving consumers is heterogeneous and non-
contractible, non-price product features allow a firm to sort profitable from unprofitable
consumers. An example of this “sorting by quality” is the use of downpayments to
dissuade borrowers unlikely to repay. We study a model in which consumers have
multidimensional types and a firm offers a single product of endogenous quality, as in
Spence (1975). These two ingredients generate a novel sorting incentive in a firm’s
first-order condition for quality, which is a simple ratio. The denominator is marginal
consumer surplus, a measure of market power. The numerator is the covariance, among
marginal consumers, between marginal willingness to pay for quality and cost to the
firm. We provide conditions under which this term is signed, and contrast the sorting
incentives of a profit maximizer and a social planner. We then use this characterization
to quantify the importance of sorting empirically in subprime auto lending, analytically
sign its impact in a model of add-on pricing, and calibrate optimal competition policy
in health insurance markets.
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1 Introduction

When subprime auto lenders help finance a car purchase, they require that borrowers first
make a payment to the lender upfront. These downpayments seem ineffective as revenue or
collateral. Instead, they seem to address the most important challenge in subprime lending:
dissuading those borrowers least likely to repay. In this industry, documentation is absent
and credit ratings are noisy, so a borrower’s ability to raise even a small downpayment
is a powerful signal of her ability to repay the loan. Charging higher interest rates (viz.
raising the total amount owed) also discourages marginal borrowers, but tends to discourage
precisely those marginal borrowers who intend to repay, because, for them, the debt burden
is most onerous. Thus, raising downpayments while lowering interest rates allows the firm
to maintain the same total number of borrowers while improving their composition, since it
advantageously sorts out the riskiest borrowers. Although the low-information environment
makes subprime lending an extreme example, this type of sorting is common in many other
selection markets, such as finance and insurance, where consumer profitability to the firm is
heterogeneous and non-contractible. This paper develops a quantitative theory of the use of
non-price product features to sort consumers.

Firms can partly control which consumers they attract by changing price (e.g., the in-
terest rate). This is the selection (by quantity) considered by Akerlof (1970) and Einav and
Finkelstein. However, the use of non-price features (e.g., a downpayment) greatly expands
the ability to sort profitable from unprofitable consumers. As another example, Rothschild
and Stiglitz (1976) suggest insurers attract profitable low-risk consumers (i.e., “cream-skim”)
by offering cheap low-coverage plans. We label this effect sorting (by quality) to distinguish
it from selection.

Regulation of non-price product features is a central policy concern in many selection
markets. Several rules in the US Patient Protection and Affordable Care Act were explicitly
designed to prevent the cream-skimming emphasized by Rothschild and Stiglitz. The Dodd-
Frank reforms impose similar restrictions on mortgages. Therefore, a general characterization
of sorting has implications for regulation, as we discuss throughout the paper.

We propose a model of sorting in which consumers have multidimensional non-contractible
types. We consider a general non-price product feature, which we refer to as “quality” for
brevity, allowing each consumer’s preference for this quality to be arbitrary. This general
specification remains tractable because of an important and restrictive simplification. Build-
ing off Einav, Finkelstein and Cullen (2010) and Einav and Finkelstein (2011), we assume
firms offer a single contract, rather than a menu of contracts as has been common in the

literature since Stiglitz (1977) and Mussa and Rosen (1978). This assumption allows us to



follow Spence (1975) and Sheshinski (1976)’s analysis of a monopolist’s optimal choice of
quality, holding fixed the choice of quantity. In their analyses, concerns about direct costs
and price discrimination entirely drive a firm’s choice of quality. Section 2.2 shows that, in
selection markets, an additional sorting incentive appears in the firm’s first-order condition
for quality. The per-customer sorting effect on profit of a marginal increase in quality is the
ratio of two terms. The denominator is marginal consumers’ surplus. The numerator is the
covariance, among marginal consumers, between consumers’ marginal willingness to pay for
quality and consumers’ cost to the firm.

This covariance captures the extent to which, among marginal individuals, those most
attracted by quality (high marginal willingness to pay for quality) are also those who are
particularly costly. When this is the case, raising quality changes the composition of buyers
(i.e., sorts) in a way that raises cost. This covariance is zero in typical models of selection
markets, in which consumers have unidimensional types and utility is monotonic in type.
In these settings, a unique marginal type is present, so the covariance necessarily vanishes.
Intuitively, sorting is absent because changing quality does not allow the firm to achieve
compositions of buyers beyond those already achievable by simply changing quantity. Sort-
ing requires both multidimensional types and endogenous quality, hence its absence in the
existing literature.!

The denominator of the sorting incentive is marginal consumer surplus, a common mea-
sure of market power. This term captures the fact that, for firms with elastic demand, a
small change in quality can induce a significant change in buyer composition and thus have a
large effect on profit. This denominator also suggests competition increases the relative im-
portance of sorting incentives, because it increases the elasticity of firms’ residual demands,
as we discuss in Sections 2.2 and 3.3.

In Section 2.3, we use this characterization to contrast a firm’s and a social planner’s
incentives to sort. When consumers are fully rational, a monopoly’s sorting incentive is
socially optimal because marginal consumers are indifferent to purchasing the good, so the
monopolist internalizes all relevant social welfare. The optimality of private sorting incentives
fails for competing firms, who do not internalize the effect of sorting on their rival’s profit.
As in Rothschild and Stiglitz, the inefficient sorting incentives of competing firms lead to
inefficient quality provision.

Section 2.4 gives conditions under which the sorting incentive can be signed. Its sign

is often a function of the structure of preferences and cost alone. It is independent of the

'As Einav and Finkelstein write, “We currently lack clear characterizations of...equilibrium...in which
firms compete over contract dimensions as well as price, and in which consumers have multiple dimensions
of private information.”



statistical distribution of consumer types, because, for a given contract, only consumer pref-
erences determine which types are marginal. When the sorting term is positive, increasing
quality raises average cost. We call this “adverse sorting,” by analogy to Einav and Finkel-
stein’s “adverse selection” whereby raising the price increases average cost. We also provide
conditions under which the distortion highlighted by Spence and Sheshinski can be signed
under multidimensional heterogeneity.

We illustrate the flexibility and usefulness of these results with three applications. First,
Einav, Jenkins and Levin (2012) study the design of a single contract offered to (observa-
tionally equivalent) potential borrowers in subprime auto lending. The authors find higher
downpayments decrease overall default probabilities, and attribute most of this effect to selec-
tion: high downpayments dissuade marginal consumers, and marginals are generally riskier
than infra-marginals. In Section 3.1, we use their calibrated model to show that about
one third of the total effect they measure stems from heterogeneity within marginal con-
sumers (i.e., sorting) rather than the difference between marginals and infra-marginals (i.e.,
selection). An increase in car price also dissuades marginal consumers. However, a higher
downpayment reduces default rates significantly more because it dissuades precisely those
marginal borrowers who are at greatest risk of default. We show that one-third of the total
value of what Einav, Jenkins and Levin call selection is due to advantageous sorting within
marginal borrowers by the downpayment requirement, rather than advantageous selection
of inframarginal over marginal borrowers. The distinction between sorting and selection is
particularly important in this context, as we discuss, as they have opposite interactions with
financial stability externalities.

Our second application, in Section 3.2, considers analytically a monopolist’s tendency to
charge excessive add-on fees. If all consumers are perfectly rational, as in Ellison (2005),
sorting reduces this inefficiency. Marginal consumers who frequently pay fees are more prof-
itable, but they are also those more strongly dissuaded by higher fees. Therefore, sorting is
adverse: higher fees dissuade the most profitable marginal consumers, which gives the firm an
incentive to lower the fees. The opposite can occur if unsophisticated low-income consumers
underestimate the fees they will incur, as in Gabaix and Laibson (2006). When consumer
sophistication is elastic with respect to income, higher fees dissuade the least profitable
marginal consumers, thereby further incenting the firm to increase add-on fees. Because
sorting is the only deterrent to setting arbitrarily high add-on prices, when sophistication
is income elastic all restraint on add-on pricing is removed. Existing empirical evidence
suggests sophistication is large but less than unit elastic to income (Stango and Zinman,
Forthcoming; Rees-Jones and Taubinsky, 2015), so heterogeneous sophistication is likely to

exacerbate, but not entirely remove constraints on, excessive add-on fees.



Our final application, in Section 3.3, calibrates optimal competition policy in an insur-
ance market. In Rothschild and Stiglitz, a pooling contract that gives full insurance to all
consumers maximizes welfare, but competitive cream-skimming leads to insufficient insur-
ance in any equilibrium. We confirm the conjecture, given in that paper, that market power
may mitigate these harmful incentives and thereby increase welfare. At relatively low levels,
market power blunts inefficient cream-skimming more than it distorts quantity downward
(Mahoney and Weyl, 2014). Social welfare first increases and then decreases with market
power, so an interior optimal degree of competition exists.

We calibrate our competitive insurance model to Handel, Hendel and Whinston (2015)’s
health insurance data. First, we consider an otherwise unregulated market where welfare is
derived from revealed preferences. Allowing firms to charge prices 110% above average cost
achieves nearly 97% of the maximum of welfare, whereas markups 91% above cost achieve
80% of the consumer surplus achieved at the maximum of welfare. We then consider a mar-
ket where behavioral consumers overestimate their risk aversion, calibrated to measurements
of this phenomenon by Handel and Kolstad (2015). In this case, lower insurance quality is
socially desirable. Therefore, a lower (88%) markup achieves 99.7% of the maximum of
(behavioral) welfare. In sum, our framework consistently shows the role of market power in
mitigating cream-skimming, but can flexibly accommodate a wide range of assumptions re-
garding product features, preferences, costs, consumer heterogeneity, rationality, and welfare
standards.

Despite the wide range of applications of our approach, we emphasize that assuming a
single contract is restrictive. It implies we cannot analyze how broad a range of contracts
will be made available, as in Lester et al. (2015), or which types of consumers will adopt
what type of contract, as in Azevedo and Gottlieb (2015). This weakness is particularly
acute in extremely competitive markets where the sort of symmetric equilibrium we study
in Section 3.3 often fails to exist, but asymmetric equilibria often do.

However, in many empirical settings, consumers are effectively offered a single, but care-
fully designed, contract. Examples include the Einav, Jenkins and Levin subprime lending
market and the health insurance market studied by Einav, Finkelstein and Cullen. Such
“pooling” of many consumer types into a few contracts is often more socially desirable than
the outcomes of an uninhibited competitive process, as in Rothschild and Stiglitz. As we
discuss in Section 2.3, the desirability of pooling may explain why regulations often limit the
range of products that firms can offer in selection markets. Our framework may therefore be
particularly relevant in such partly regulated environments. Furthermore, as we highlight
in Section 3.3, the implications of our approach are in line with the received wisdom of the

existing literature when the two are comparable. Thus, our model offers a pragmatic and



flexible way to derive novel and policy-relevant characterizations of quality in selection mar-
kets with multidimensional types and market power, where classical contract theory struggles
to obtain sharp results.

We collect derivations, proofs, and computational details into appendices following the

main text.

2 Theory

We propose a simple but general model of a monopolistic firm that chooses the price and
quality of its product, while facing customers heterogeneous in many dimensions. The model
combines the central elements of selection markets analyzed by Einav, Finkelstein and Cullen
(2010) and Einav and Finkelstein (2011) with the the analysis of monopolistic quality choice
of Spence (1975) and Sheshinski (1976).”

2.1 Model

A unit mass of potential consumers exists that is characterized by a T-dimensional type
6 € ©. We assume O is a (possibly unbounded) hyper-rectangle in R” and @ is distributed
according to a continuously differentiable, full-support probability density function f (6) > 0.
A monopoly offers a single product characterized by a price p € R, , and “quality” x, chosen
from an interval subset of R. For brevity, we use “quality” to refer to any non-price product
feature. The strong assumption of a single contract, made for tractability, is discussed in
the introduction and conclusion.

A consumer of type 6 is willing to pay u (z,0) for a product of quality = and carries an
expected cost to the firm of ¢ (z,0). Cost depends directly on the non-contractible consumer
type 6, which is the defining feature of selection markets. Type 6 captures any consumer
characteristics that affect willingness to pay (WTP) or cost, such as health , risk aversion,
sophistication, or income. We assume u = u (z,0) and ¢ = ¢(z,0) are twice continuously
differentiable in all arguments. Notice u and ¢ can increase or decrease with “quality” = for
each consumer.

It is convenient to decompose 6 = (¢, 7), where (’s domain is a hyper-rectangle within
R7!, and 7 € (7,7) C R. We assume a dimension of type(r) exists such that 2427 >

and
V(z,¢) : limu(z,(,7) =00 and limu (z,,7) <0.

T—T T—T

2Weyl (2010) extends the Spence and Sheshinski analyses to multidimensional heterogeneity in a context
without selection.



Figure 1: An example of the set of buyers, B, and the set of marginal consumers, M, for T = 2. The set of
marginal consumers is described by 7 = 7 (z, p, ¢). For each ¢, individuals buy the product if 7 is sufficiently

large and do not buy if 7 is sufficiently small.

This assumption implies that, for any (z,(), values of 7 exist for which a consumer of
type ¢ buys and does not buy the product, which simplifies the exposition. It relaxes the
monotonicity assumptions (Spence, 1973; Mirrlees, 1971) typically made in models with a
single-dimensional type.® In particular, we assume only that some dimension of type exists
that monotonically increases u, whereas existing models typically assume « is increasing in
the unique dimension of type.

The set of buyers of the product is B = {u > p}. Given the assumptions above, a unique
function 7 = 7(z, p, ) exists such that u(z, (, 7(x, p,()) = p. We use this function to provide
a more convenient definition of the set of buyers as B = {6 : 7 > 7(x,p,()}.* Similarly, the
set of consumers who are indifferent between purchasing or exiting the market (“marginals”)
is M = {r=7} = {u=p}. Note M is a T — 1 dimensional surface bounding the T
dimensional subspace B, as illustrated in Figure 1 for T'= 2 .

These assumptions allow us to express demand as a simple iterated integral:

Q=Qr.p) = /< / ;pﬁof@,r)dfcigz /B 1 (9) do.

This definition of an integral over the (volume of the) set of buyers B will be used throughout.

3A previous version of this paper, Veiga and Weyl (2012), considers a setup that is more general but
without additional economic intuition. We refer interested readers to that earlier version. For technical
details on the differentiation of more general integrals, see Flanders (1973) and Uryasev (1995).
4Throughout the paper, we use the symbol = to note definitions being made.



Again using the function 7, the derivative of demand can be obtained straightforwardly as

5l o _ f(6T) .
o= () 1eni=- (Egn = M <h

This follows from applying the implicit function theorem to the equation that defines the
margin, u(z,(,7(x,p,()) = p, to obtain %; = W. Then, %; > 0 by the assumptions
above. The term M = M (z,p) > 0 is defined by a surface integral over the set of marginal
types M = {7 =7} and captures the density of this set. In our multidimensional setting,
the density M plays a role analogous to that played, in a typical unidimensional-types model,
by the density of types evaluated at the unique marginal type. Importantly, in our setting,
multiple types are marginal, as illustrated by Figure 1.

Because f (#) > 0 and g—z > 0, demand Q (x,p) is strictly decreasing in p. Therefore, a
differentiable inverse demand P (z,q) exists such that Q (z, P (x,q)) = ¢ for any z. Using
this relationship, we follow Spence in thinking of the firm as directly choosing the number
of buyers ¢, and thereby inducing a price p = P (z,q).”

Two expectation operators will be crucial for our analysis. For an arbitrary smooth

function z (x, 8), the expectation conditional on the set of buyers B is standard:

Ek@@|ﬂzééz@®f@ﬂ&

The expectation of any z (z,0) conditional on the set of marginal consumers M is less
standard. It is defined as

Elz(z,0) | M| = % Cz(:z:,(,?) %dg‘,
or

where we use the definition of M provided above. This defines an expectation on a set of
measure 0 in the type space ©, and thus is an important non-trivial definition. This expecta-
tion uses the modified density %, rather than simply f (¢, 7). This modified density
was also used in the definition of M, because it performs the integral in the economically

meaningful space of utility rather than in an arbitrary mathematical space of types.°

5Our analysis holds if the firm chooses (x,p), although considering the choice of (x, q) allows for a clearer
intuition and is more in line with the existing literature.
6Suppose 7 € Ry and the density of types is f (¢, 7). Now consider the change of variables a = e7. The

w because the change of variables requires including the gradient of the

new density is g ((,a) =
transformation and [log (a)]/ = % As a result, absent the modification of the density, a mechanical integral
over the set of marginal a values does not yield the same solution as an integral over marginal 7, even though
a is simply an equivalent re-parameterization of 7. However, such a change of variables would have no effect
on the economically meaningful modified density, because the integral with changed variables would use the

density



Other statistical operators, such as conditional variances and covariances, are defined
analogously from the definitions above. We use Newton’s notation to denote partial deriva-
__ 0z(z,0)

tives with respect to x, namely, 2'(z,0) = =~=.

2.2 Profit Maximization

Recalling that p = P (z, q), a profit-maximizing monopoly chooses (z, ¢) to maximize

7 (2, 9) = /B (P(x.q) — c(x.0)) f (6) do.

where B = {u(z,0) > P(x,q)}. The familiar first-order condition (FOC) with respect to
quantity ¢ is derived in Appendix A: p—E [¢ | M] = M S. The markup is equated to marginal
consumer surplus MS = L = q%z"l), as in the standard monopoly model. Marginal cost
E[c | M] is the average cost among consumers who are marginal. Incentives for quantity
choice are not the focus of this paper, and we refer the reader to Einav and Finkelstein and
Mahoney and Weyl (2014) for additional discussion.

However, marginal surplus plays an important role in our analysis below, so we briefly
relate it to other concepts in the literature. Marginal surplus is equal to the monopoly
markup above marginal cost, as shown above. However, previous literature has also shown
shown it equates to several other quantities: the ratio of price to the elasticity of demand, the
inverse semi-elasticity of demand, the inverse of the hazard rate of the marginal distribution
of WTP, and the gap between valuation and virtual valuation in auction theory (Myerson,
1981). In this paper, we emphasize the role of M S as a measure of market power.

We now characterize optimal choice of quality, which is the focus of our analysis.
Proposition 1. The per-consumer marginal effect of quality x on profit is

on1
ox q

Cov [u/,c | M]
MS

private sorting incentive

=—E[d|B+ E[u|M] -
—_—— —_——

direct cost private Spence term

J/

At the privately optimal quality z*, this expression vanishes. First, when a firm increases
quality z, it loses the average increase in the cost of all buyers, which results mechanically
from the increase in provided quality, E [¢ | B]. Second, as identified by Spence and Sheshin-
ski, a monopolist raises price by E [u’ | M] when it increases x, because, to hold fixed ¢, price

must offset the average benefit that marginal consumers derive from the additional quality.

9(CGa)z _ f(Glog@) g f(¢7)
Ou(z,C,log(a)) — Ou(x,¢,7) 1  Ou(zl,T)
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Figure 2: A visual illustration of sorting with 7' = 2, u (z,(,7) = 17;2<x + 2¢+ 7 and initially (z, P(q)) =
(0, %) The downward shift results from increasing x by a unit and the upward shift from a compensating
rise in p by 2 units.

Following the convention in the literature, we refer to this component of private incentives
as the private Spence term.”

The third effect is the novel element in our model. In Spence’s analysis, the firm cares only
about the impact of quality on cost and on the price it can charge, not on which consumers
it serves. However, in a selection market, buyer composition is crucial. The impact of x on
profit depends on whether the marginal consumers most strongly attracted by x (those with
the largest u') are also those with relatively high or low cost c. It is therefore natural that
the sorting effect of x on profit is proportional to the covariance, among marginal consumers,
between marginal WTP for quality and cost, Cov [v/, ¢ | M]. If this covariance is positive,
“adverse sorting” occurs: the change in buyer composition induced by increasing x, together
with the compensating change in price, increases cost. If the covariance is negative, sorting
is “advantageous.”®
The left panel of Figure 2 provides a visual illustration of sorting in two dimensions

(T" = 2). In this example, utility takes the simple form w (z,(,7) = 17;%33 + 3¢ + 7, for

(¢,7) € R% For the pictured range, and for values # = 0 and P(q) = £, buyers are those
with sufficiently high type in either dimension (the shaded blue area in Figure 2), so the

"Spence and Sheshinski’s analysis did not explicitly discuss foundations in a consumer type space and
informally discussed their results in terms of a single marginal type. Weyl (2010) considers an explicit model
with multidimensional types.

8 Although, to our knowledge, this effect is new to the analysis of optimal contracting, it follows a logic
similar to that of Diamond (1973) and Green and Sheshinski (1976)’s analysis of optimal Pigouvian taxation
with imperfect targeting. The characterization of the optimal structure of rewards for innovation by Weyl
and Tirole (2012) is also a special case of our analysis.



curve that defines the set of buyers slopes down in the ((,7) plane.’

Raising = by a unit
lowers this curve (causing more individuals in the pictured range and on average to buy) but
also rotates it (attracts some types more intensely than others). The resulting set of buyers
are those above the dashed red curve. In this case, marginal types with high 7 have higher
marginal WTP (u’) than marginal types with high ¢, so the difference between the shaded
area and the dashed red curve is greater for high values of 7. This first effect of an increase
in x is illustrated by the diagonal arrows.

However, to hold quantity ¢ fixed, price rises by 2 units, because most buyers have low
¢ and thus gain strongly from the increase in z. This rise in price corresponds visually to a
uniform upward shift of the dashed red line to the dotted black line, illustrated by the vertical
arrows. The private Spence term corresponds visually to the vertical difference between the
dashed and dotted lines. The rotation caused by the original increase in x implies that, after
the price adjustment, this process ultimately results in attracting some consumers (those
above the dotted line and below the shaded area) and dissuading others (those within the
shaded area and below the dotted line). The sorting term Cov [/, ¢ | M] captures the effect
on profit of this change in buyer composition that holds the total mass of buyers (¢q) fixed.
In this case, sorting shifts buyer composition toward high-7 buyers, and away from high-¢
buyers.

The importance of sorting relative to the Spencian terms is determined by the coeffi-

cient on the sorting term which increases with the elasticity of demand. The more

L
elastic demand is, the greater the importance of sorting, because a small change in x can
induce substantial changes in buyer composition. Moreover, because competition typically
increases the elasticity of a firm’s residual demand, the sorting term plays a crucial role in
determining the effect of competition on quality. In general, M S is endogenous, determined
by the demand system and competitive conditions that also determine B and M. Therefore,
determining the effect of competition on quality analytically may not be straightforward.
In Section 3.3, we consider a model with explicit Hotelling competition, and obtain further
results about the link between sorting and competition.

The sorting term vanishes in three scenarios. First, Cov [u/, ¢ | M] = 0 when consumers
are homogeneous in their cost. Thus, sorting is relevant in selection markets, where con-
sumers differ in their non-contractible profitability to the firm. Second, sorting vanishes if
marginal consumers are homogeneous in their marginal preferences for quality. More gen-
erally, if quality is interchangeable with price at the same rate for all consumers, there is

no scope for differential sorting by quality. Third, sorting is absent when a unique type of

9Because WTP is increasing in all arguments, if types (¢, 7) and (é‘ ,%) are both marginal, ¢ > ¢ must
imply 7 < 7. This need not always be the case, as illustrated by Figure 1.
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marginal consumer is present, which is usually the case in standard models with unidimen-
sional types, because utility is typically monotonic in type. In such models, all types above a
given type threshold 7 buy the product, so the choice of quantity ¢ immediately determines
the composition of buyers. In other words, in these models, the ability to choose quality
does not expand the set of buyer compositions attainable by the firm.!

We refer to this novel effect as “sorting” (by quality) to emphasize its distinction from
what is commonly referred to as “selection” (by quantity). For instance, in Akerlof (1970)
and Einav and Finkelstein, adverse selection occurs when raising quantity lowers cost, for
fixed quality, which occurs when marginal consumers (low u = p) have low cost ¢ while
infra-marginal consumers have high v > p and high c¢. By contrast, adverse sorting occurs
when raising quality raises cost, for fixed quantity (beyond the mechanical effect of quality on
the cost of infra-marginals), which occurs when, among marginal consumers M, those with
higher marginal WTP for quality (high u') are more costly (high ¢) than other marginal
consumers with low w'and low c¢. For instance, selection can occur when consumers have
homogeneous marginal WTP with respect to a product feature, whereas sorting cannot. In
Section 3.1, we explore some policy implications of the distinction between selection and

sorting.

2.3 Welfare Maximization

We now turn to welfare analysis. We define the gross contribution to welfare of a consumer

of type 6 purchasing the good as w = w (x, ). Then, welfare is

W= /B(w (2,0) — c (x,0)) f (0) do.

Appendix A shows the necessary condition for welfare maximization with respect to ¢
is that additional (necessarily marginal) buyers generate as much social benefit as cost:
E[w —c| M] = 0. If, as a baseline, we identify welfare w with private WTP wu, this condi-
tion collapses to marginal cost pricing p = E [¢ | M], because E [w | M| =E[u | u = p] = p.
However, this conclusion ignores the possibility of externalities, such as business stealing
between firms or “externalities within individuals” if consumers are not perfectly rational,

so we allow w # u before specializing further.

Proposition 2. The per-consumer marginal effect of quality on welfare is

10 Araujo and Moreira (2010) show this simple cut-off structure need not hold in unidimensional models if
standard monotonicity properties, such as the Spence (1973)-Mirrlees (1971) condition, fails. In that case,
sorting may occur even in one-dimensional models. However, as Araujo and Moreira note, such relaxations
introduce most of the complexities of multi-dimensional type models, so the literature has almost never
considered such models.

11



Covu';w—c| M|
MS

social sorting incentive

awil
dr q

—E[|B]+ E[|B] +
—— ——

cost social Spence term

J/

At the socially optimal quality z**, this expression vanishes. To interpret this condi-
tion, begin by assuming no externalities (w = w). Then, E[w’ | B] = E[u’' | B] and the
difference between the social and private optima, emphasized by Spence and Sheshinski, be-
comes apparent: a profit -maximizer only internalizes the preferences of marginal consumers
E [ | M], whereas a social planner internalizes the preferences of all buyers E [« | B]. The
difference between the private and social Spence terms is the Spence distortion.

In the absence of externalities, the Spence distortion is the only distortion of monopoly
profit maximization. When E [w | M] = E [u | M] = p constant, the social sorting incentive
becomes —MLSCOV [/, c | M], equal to the private sorting incentive in Proposition 1. Absent
externalities, the contribution of marginal consumers to welfare is their contribution to profit.
Sorting concerns only marginal consumers, so a monopolist’s sorting incentive is socially
optimal.

This stark conclusion depends on the typically unrealistic assumption of no externalities,
which is easily relaxed by changing the definition of w. One natural relaxation, which we
explore in Sections 3.2 and 3.3, is to allow externalities within imperfectly rational individ-
uals.!! In this section, we instead consider an externality typical of industrial organization
and contract theory: business stealing between firms.

Suppose consumers gain a gross utility of v = v(z,0) from purchasing the focal good
but have two other alternatives: buying nothing or buying another good for which WTP is
vp = vp(f). The competing good is supplied at price py and produced at cost ¢g = co(6).
In this setting, WTP for the focal firm’s product is u(z,0) = v(z,0) — max{0,vy — po}.
The focal firm’s buyers are still the set B = {u > p}, those who prefer the focal product
to the competitor and to purchasing nothing. The focal firm’s margin now has two disjoint
components. Friting consumers are those indifferent between the focal product and not
purchasing at all, &€ = {v—p=0>wvy—po}. Switching consumers are those indifferent
between the focal product and the competitor, S = {v —p = vy — py > 0}. Let the density
of these sets be E' and S, respectively. The set of all marginals is the disjoint union M = EUS,
and its density is M = S + E. Figure 3 provides an illustration.

This distinction is immaterial to a profit-maximizing firm, which ignores its rival’s profit,

so our analysis of profit maximization still applies to a duopolist. Furthermore, the cost and

HWe use “externalities” in the sense of Marshall (1890) and Pigou (1920) to denote any effects not
captured in the price system. It is also common to use “externality” to refer to effects exterior to agents
and “internality” to refer to imperfect rationality (i.e., effects within each agent). We refer to imperfect
rationality as “externalities within individuals.”
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Figure 3: The sets of buyers B, exiting consumers £, switching consumers S, and buyers of
the outside product Bj.

Spence terms of Proposition 2 remain unchanged in the welfare maximizer’s FOC. However, a
social planner is concerned that, when a firm chooses quality to improve its own composition
of consumers, it may leave the most costly consumers to its rival. This inefficient sorting
incentive is the “cream-skimming” effect emphasized by Rothschild and Stiglitz (1976). The
focal firm ignores the externality of an individual’s decision to purchase its good, namely, the
contribution to welfare of vy — ¢¢ that could have occurred if the consumer had purchased
the rival good.

One could study this cream-skimming incentive by explicitly solving for the analog of
Proposition 2 in this new duopolistic environment. A simpler approach, given our results
so far, is to alter the definition of w so that Proposition 2 applies unchanged. This ap-
proach allows us to study welfare-maximizing incentives in a multi-product market while
still considering only each product’s buyers (B) in turn. By the reasoning above, for switch-
ing consumers in S, their net contribution to welfare from purchasing the focal good is
w=v— (vy—cy) =p— po + co, where we used the definition of S. Because p and p, are

constant across , the social sorting incentive becomes

Cov[u/,w—c | M] DCov [t/ ¢ | S] —Cov [v/, ¢ | M]
= + , (1)
X MS _ MS T MS
TV TV Vv
social sorting incentive cream-skimming distortion  private sorting incentive

where D = % is the diversion ratio (Shapiro, 1996)."* This expression shows the divergence

between private and social incentives is entirely due to inefficient cream-skimming incentives

12The diversion ratio captures the share of a firm’s lost business captured by another firm following a price
increase.
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regarding switching consumers in &, because no externality is associated with the decision
of exiting consumers in £.

This expression further suggests inefficient cream-skimming becomes more severe when
the market is competitive, because, in this case, M'.S — 0 (the firm loses market power) and
D — 1 (a higher density of consumers becomes indifferent between the firms). In the compet-
itive limit as % — 00, the firm’s first-order condition becomes impossible to satisfy unless
Cov [u/,c | 8] — 0. When sorting is adverse on the switching margin (Cov [u/,c | S] > 0),
it is natural that this covariance is driven to 0 by reducing cost ¢, and that this is done by
reducing quality = to 0. This extreme result is in line with Rothschild and Stiglitz’s obser-
vation that, under perfect competition, cream-skimming creates an overwhelming incentive
to reduce insurance quality. This intuition underlies our analysis of an insurance market in
Section 3.3, where market power increases product quality and welfare by mitigating harmful
cream-skimming incentives.

Equation 1 also suggests the following conjecture regarding optimal product diversity.
Suppose costs (¢ and ¢g) increase in quality (z and x). Suppose also that the competitor
product is, in equilibrium, of lower quality (z§ < 2*) and lower cost (¢ = ac for o < 1). From
equation 1, the cream-skimming distortion for the focal firm is proportional to «, but it is
proportional to é > 1 > « for the low-quality competitor who faces the symmetric condition.
Thus, z§ is more severely distorted away from its socially optimal level x3*, and correcting
x§ increases welfare more than correcting z*. If sorting is adverse (Cov [u/,¢o | S| > 0),
both firms under-provide quality, but zy is more undersupplied than z. A social planner
would incent both firms to raise quality, but would prioritize increasing x, leading to more
homogenous products. Therefore, in such a setting, a social planner would desire a market
with more homogeneous products than what is provided in equilibrium, moving toward the
“pooling” contracts that Rothschild and Stiglitz identify as desirable but undermined by
cream-skimming.'® Governments may therefore wish to limit the range of contracts offered,
making the single-contract case we study more relevant in partially regulated environments.'*

A rigorous formulation of this conjecture is left for future research.

13If advantageous sorting exists, both firms oversupply quality, but o is more oversupplied than z. A
social planner would incent both firms to decrease their quality, but would prioritize a decrease in xq, causing
greater product diversity than is supplied in equilibrium.

14This characterization relies heavily on a duopoly model. With multiple firms with differentiated products,
switchers to high-quality products may substitute into other costly, high-quality products. In this case, the
downward distortion of quality could actually be greater for high-quality products.
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2.4 Signing terms

The magnitude of the sorting term is endogenous, but its sign can often be ascertained
directly, independently of (x,p) and of the distribution of types f (#), because M depends

on the preferences of consumers, so WTP u and the set M are closely related.

Proposition 3. Suppose exists a function g = g(z,0) exists such that ¢ = é(x,g) and
v =u(x,g). Suppose ¢(x,g) and u(x,qg) are monotone in g. Then Cov [u',c | M] has the
0¢(z,g) 04 (z,g)

same Sign as ~og g

Thus, sorting can be signed whenever u' and ¢, conditional on M, can be expressed
as monotone univariate functions with the same input “index.” This condition may seem
special, but it applies naturally in several contexts, especially when z is a feature of pricing
and consumers are rational. One such context, as we illustrate in Section 3.2, is when x
captures the slope of a two-part tariff.

Proposition 3 also applies when types are two-dimensional and wu (z, 6) increases in both
dimensions of 6. In this case, M is a one-dimensional curve and, within the margin, 7 is
a decreasing function of (, as illustrated by Figure ??. The function g (z,6) required by

Proposition 3 can therefore be constructed, as formalized in Corollary 1.

Corollary 1. Suppose 0 = (¢, 7) € R?, andu (x,0) ,c(x,0) are increasing in both dimensions
of 6. Then Cov W/, c | M] has the same sign as

G (au//ag B 8u’/87> <8c/8¢ B 8c/8¢)
~ \Ou/o¢  Ou/or ) \Ou/O( Ou/OT ‘M

when S is signed.

Our primary focus is on the sorting term, but the Spence distortion E [u/ | M| —E [u’ | B]
is an important determinant of whether quality is over- or under-provided. The follow-
ing result provides, to our knowledge, the first conditions for signing it in a context with

multidimensional heterogeneity.

Proposition 4. Suppose u(x,8) and u'(x,0) are increasing in each dimension of 0 and the
dimensions of 0 are affiliated in the sense of Milgrom (1981). Then E[u' | M] < E[u’ | B].

If u(z,0) and —u'(x,0) are increasing in 0, the inequality is reversed.

Intuitively, if all dimensions of # increase both u and v, those with high u (who are in
B) will have higher «' than those with only moderate u (who are in M). Affiliation, which

need only hold within the set B, ensures this effect is sufficiently monotone throughout B to
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make this intuition rigorous.'® Proposition 4 can also be used to sign the Spence distortion

when u # w, based on the sign of ' — w’, as we illustrate in Section 3.2.

3 Applications

3.1 Selection vs. sorting in consumer credit markets

Our first application compares the empirical relevance of sorting and selection. Einav,
Jenkins and Levin (2012) (henceforth EJL) study an integrated used car vendor and sub-
prime lender that chooses a downpayment x and demand ¢, implicitly choosing the price
(p = P(z,q))."% Selection arises because buyers differ in default risk, which determines
¢(z,0). EJL consider consumers heterogeneous in two dimensions: initial liquidity and
value for the car. WTP is increasing in each of these dimensions. The authors estimate the
joint distribution of buyer types and default probabilities d = d(x, ), and determine the
effects of changing x and p on the likelihood of default of the pool of buyers.

In the theoretical model that motivates their estimation, EJL assume unidimensional
types, which rules out sorting as discussed in Section 2.2. EJL interpret their results in
terms of “treatment effect” (the impact of = on the default rates of those already purchasing,
captured by ¢ in Proposition 1) and “selection effect” (the difference between default rates
of marginal and infra-marginal purchasers, E[c|B] —E[c|]M]). However,they do not explicitly
discuss sorting. To gauge the quantitative importance of sorting, we decompose the “selection
effect” they measure into (i) the selection by ¢ of marginal versus infra-marginal consumers,
and (ii) the sorting by z of heterogeneous marginal consumers.

By simulating draws from EJL’s calibrated model, we can determine B for any (z, p). The
left panel of Figure 4 shows the difference between marginal consumers whose behavior is
affected by a change in p or z. It plots the set of marginal borrowers, with infra-marginals (not
shown) lying to the northeast. An increase in price p from $11,000 by $500 affects mostly
consumers with low initial car value (“p-marginals,” shown as red points). An increase
in downpayment z from $1000 by $10 dissuades mostly consumers with low liquidity (“a-

marginals,” shown in blue x’s).

The right panel of Figure 4 graphs the variation in default probabilities among marginal
individuals, with individuals more likely to default represented by larger and more saturated
circles. EJL find that default probability is driven almost entirely by liquidity. p-marginals
have a wide range of liquidities but low car values, whereas x-marginals have low and fairly
homogeneous levels of liquidity, so x-marginals tend to have higher default probabilities

15Gtrict versions of this result also hold if the hypotheses are strengthened to be strict.
16Tn this application, higher = hurts consumers.
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Xx—marginals and p—marginals Default Probabilities for Marginal Types
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Figure 4: The set of marginal buyers; infra-marginal buyers are to the northeast (not shown). The left
panel shows the types who are p-marginal (red points) and z-marginal (blue x’s). The right panel shows
the probability of default in the calibrated EJL model for marginal buyers, with larger and more saturated

circles representing borrowers more likely to default. For further details, see Appendix B.

than p-marginals. Therefore, sorting by x is advantageous to the firm, because increasing x
dissuades these costlier marginal borrowers.

Figure 5 quantifies the wedge between selection and sorting for values of (z,p) spanning
the range in each dimension observed in their data. At each (x,p), we compute average
default rates among all buyers, z-marginal and p-marginals. Because the profits made off
borrowers are closely related to their default probabilities, we can naturally proxy for se-
lection (E[clu > p|] — E[c|u = p]) by the vertical gap between the default probabilities of
p-marginals and all buyers, E[d|u > p] — E[d|u = p].'" This selection effect captures the fact
that the firm may benefit from dissuading marginal buyers by raising price. Increasing z,
like increasing p, dissuades all marginal borrowers to some extent. However, sorting captures
how an increase in x improves default rates beyond the selection effect achieved by quantity
(through price), , by disproportionately dissuading those who are particularly risky.

The vertical gap between the default rates of xz-marginals and p-marginals is a measure

of this sorting effectiveness of x relative to p. In particular, the default rate of xz-marginals
E[u'd|u=p]

IS Sluzp] 5° the gap between the default rates of z- and p-marginals is

17"The relative importance of selection and sorting is measured as the vertical distance between the lines at
each point, rather than the slopes of the lines. These selection and sorting effects cannot be judged directly
by the impact of changing p or x on average default rates (i.e., the slopes of the lines), because these reflect
a mix of selection, sorting, and treatment effects. For instance, raising minimum downpayments directly
reduces debt burdens and thus makes repayment more likely even for infra-marginal borrowers.

17



Default Rates by Car Price Default Rates by Minimum Down

Mininum down-payment fixed at x=$1000 Car price fixed at p=$11000

0.9

0.9
—*— x-marginals
0.854 —&— p-marginals
0.85 N All buyers
0.8r
0.8 A
0.75
2 2
& 075 & o7l
% —— x-marginals %
E’ 0.7 —6— p-marginals ‘g 0.65.+
° All buyers [
& 2 oel
g 0.65 1 8 -
< <
0.55
0.6 i
0.5 ]
0.5 | 045}
05 . . . . . . 0.4 . . . . . . . .
0.6 0.8 1 1.2 1.4 1.6 400 600 800 1000 1200 1400 1600 1800 2000
Car Price p ($1000s) x10° Min Down x ($)

Figure 5: Average default rates as a function of price (left) and minimum downpayment (right). The graphs
consider the set of all buyers, marginal buyers when price is raised (p-marginals), and marginal buyers when
minimum downpayment is raised (z-marginals). The relative importance of selection and sorting is measured
as the vertical distance between the lines for z-marginals and p-marginals at each point, rather than the

slopes of the lines. For further details, see Appendix B.

E [v'd|u = p]
E[u/|u = p]

E [v'dlu = p] — E [u'|u = p]| E[d|u = p] _ Cov [, d | M]

—Eldlu=p] = E[«|u = p] E [w'|u = p]

It thus quantifies the importance of sorting in terms directly comparable to selection. Over
the range of x and p shown in the figures, x-marginals default with probability about .1

higher than p-marginals, whereas p-marginals default with probability about .15 greater

than average purchasers. Thus, the total effect of x on default rates is about _1'5’15 = 60%
due to selection, whereas the remaining 40% are due to sorting.

Our interest is primarily in establishing the relative magnitude of the two effects, but
the distinction is also relevant for policy. Mahoney and Weyl (2014) show the advantageous
selection present in the EJL data implies a large over-provision of loans.'® This distortion
may compound with other externalities from excess lending related to systemic financial risk
(Mian and Sufi, 2014). On the other hand, downpayment requirements sort advantageously,

so lenders will have an incentive to raise downpayments, and excessively so if significant

18 Advantageous selection tends to cause excess supply as described by de Meza and Webb (1987) and
Einav and Finkelstein. Mahoney and Weyl estimate a subsidy of about 41% for reasonable assumptions
about the market power of the firms.
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competition is present as discussed in Section 2.2. Thus, sorting incentives could cause
equilibrium lending standards to be excessively strict, mitigating the systemic risk caused by
selection incentives. Thus, whether asymmetric information on net mitigates or exacerbates

systemic risk depends crucially on the relative importance of selection and sorting.

3.2 Add-on pricing

Our second application illustrates how the generality of Section 2.4 can be combined with
additional structure to derive novel applied theory results. We consider a monopolist’s
incentive to charge excessive add-on fees to imperfectly rational consumers, complementing
the competitive analysis of add-on pricing by Ellison (2005) and Gabaix and Laibson (2006).

A bank chooses an account maintenance fee p and an (expected) overdraft fee z.'? Con-
sumers differ in their income w > 0 and level of activity a > 0 (an exogenous number of
transactions per period). Thus, types are § = (w,a) € R3 with PDF f(w,a) > 0. We
assume (w,a) are positively affiliated, so those with higher income tend to perform more
transactions.

Consumers perceive their WTP as u = a[aw — Az]. Each transaction brings aw > 0
dollars of WTP, following the multiplicative specification of Mussa and Rosen (1978) and
Shaked and Sutton (1982), but also has an independent probability of being an overdraft,
resulting in expected overdraft fees z. However, consumers underestimate the overdrafting
probability by a factor A € [0, 1], which captures “sophistication” (e.g., due to overconfidence
or limited attention). Thus, a consumer of type a and sophistication \ expects overdraft
fees of aAx, but in fact incurs expected fees of ax. Following Section 2.3, this imperfect
rationality is accommodated by defining the contribution of consumers to welfare (w) to be
their WTP without this behavioral bias: w = a[aw — z| < u.

Strong evidence suggests limited attention is more common among the poor and less
educated (Stango and Zinman, Forthcoming; Rees-Jones and Taubinsky, 2015), so we assume
A = X (w) is weakly increasing in income (X (w) > 0). If all consumers are neoclassical, as
in Ellison (2005), then A(w) = 1,Vw. We also assume g—l‘) >0 e 2> XN The set of
buyers is B = {u > p} and the set of marginals is M = {u = p}. Consumers pay fees to the
bank, so the “cost” per consumer is ¢ = —ax. The margin is defined by M = {u =p} =
)

The overdraft fee is a transfer that reduces gains from trade, so z** = 0 is socially

optimal. Indeed, in the social planner’s FOC, the social Spence and cost terms cancel out,

19The analysis extends beyond the banking industry to other markets with add-on pricing as discussed by
Ellison (2005), Gabaix and Laibson (2006), and Grubb (2009). In this application, higher 2 hurts consumers.
20This assumption is weak and is discussed further in Appendix C.
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so Proposition 2 yields

Cov [—aX, aow |w = 1 (B 4+ \z**)] r**aVar [aX | M]
—E[—aLB]-i— E[-a|B] + S =0= NS =0.

cost social Spence term

social sorting incentive

However, Proposition 1 shows the firm’s FOC is
z*Cov [—a\, —a | M|
MS

private sorting incentive

—E[-a|B]+ E[-aA | M] -

cost private Spence term

J/

A profit-maximizing firm will choose * > 0 because, at x* = 0, the firm’s FOC is positive. To
see this result, note the private sorting incentives vanish for * = 0. Moreover, —u' = A (w) a
and u are increasing in both variables (w, a), which are affiliated. Then Proposition 4 and

A <1 imply

E[—a\ | M] > E[—a)X | B] > E[—a | B].

Finally, it can easily be shown that any x* < 0 violates second-order conditions.

Because the sum of Spence and cost terms is positive, satisfying the firm’s FOC is only
possible if Cov [aA,a | M] > 0. Otherwise, sorting by = is advantageous, so the firm will
always gain from further raising x until it faces a regulatory or other constraint. However,
as we now show, the sign of sorting depends on the nature of consumer sophistication.

If consumers are rational (A (w) = 1, Vw), sorting is adverse: Cov [v/, ¢ | M] = Az*V [a | M] >
0.2! Intuitively, those who face the overdraft most often are the most profitable, but they
are also those most deterred by an increase in the fee. Adverse sorting deters the firm from
high x, mitigating the incentive to charge excessive fees. The importance of sorting grows
with z*, so under relatively weak conditions (omitted here for brevity), an interior value of
r*is optimal.

The same analysis applies if consumers are homogeneously unsophisticated, so A (w) =

A < 1,Vw. In this case, rearranging Proposition 1 yields

MS (Ela|B] — AE[a | M])
AVar [a | M|

T =

This expression suggests the fee 2* decreases with the amount of sophistication A. It also sug-

21This argument is an application of Proposition 3, where w is the relevant index. The result holds also
if ¥ = v (x,w,a) is endogenous to x and heterogeneous among consumers, in which case Cov [u/,c | M] =
Az*V [ay | M] > 0.
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gests higher competition, by lowering M .S, would tend to lower z*. That is, when consumers
are homogeneously sophisticated, competition should increase welfare. However, explicit
comparative statics require stronger modeling assumptions, which we defer to our insurance

application in Section 3.3.
However, when consumers differ in their sophistication, sorting by x can be advantageous.
By Corollary 1, the sign of the sorting term is that of

3“'/aw _ 3“'/&; 0c/pu _ 0c/pq _ —aNzx I AT 0+ T
/oy Ou/pa oulp,  Oufoa ) \a(a—Nz) aw-— A aw— Az )’
if this term is globally signed. Appendix C shows this expression has the sign of 1 — 7,

where n = w% is the income elasticity of sophistication. When sophistication is income

inelastic (1 > ), adverse sorting (Cov [/, ¢ | M] > 0) incents the firm to lower z*, mitigating
excessive fees. However, when sophistication is income elastic (1 < 7), advantageous sorting
(Cov [/, ¢ | M] < 0) exacerbates socially inefficient overdraft fees. In this case, the bank has
an incentive to raise x* arbitrarily high so an interior * may not exist.

For an intuition, recall that u increases in both w and a. Marginal consumers are either
high-w and low-a, or they are low-w and high-a. Within the margin M, a and w have
a negative relationship, as in Figure 2, despite being positively affiliated in the population
overall.”? The most profitable marginal consumers are always those with high-a (and low-w),
because they pay larger overdraft fees xa. When A (w) is constant, high-a consumers are also
the consumer most affected by changes in x and thus most responsive to them. Targeting
these profitable high-a marginal consumers requires lowering the overdraft fee x, so sorting is
adverse. However, if poor consumers are much less sophisticated than the wealthy, the most
profitable marginal consumers will have high a, low w (as before), and also low A. Now, these
profitable consumers are the least responsive marginal consumers to changes in x because
of their low sophistication A. In this case, raising x dissuades the less profitable low-a and
high-\ marginal consumers, so sorting is advantageous. The dividing line between these
cases is unit elasticity of sophistication with income, given our multiplicative specification
for u.

What is a realistic value for this elasticity? In the context of attention to sales taxes, Rees-
Jones and Taubinsky (2015) estimate it to be slightly above one third. Stango and Zinman
(Forthcoming) consider a setting more similar to what we have in mind (overdraft fees), but
do not precisely measure the income elasticity of sophistication. If we use their regression
coefficients, we can calculate a partial elasticity of roughly two thirds, controlling for other

characteristics such as education and race. Both of these cases suggest income elasticity of

22This reversal is a stark illustration that the properties of M depend on WTP u, not on the distribution
f(0).

21



sophistication is not great enough to eliminate all restraint on overdraft fees, but they do
suggest heterogeneous inattention may significantly erode the incentive to restrain inefficient

price discrimination.

3.3 Competition in insurance

Our third application illustrates how market power can improve welfare by blunting harmful
sorting incentives. Rothschild and Stiglitz (1976, henceforth RS) and a large subsequent
literature argues competing insurers have excessive incentives to offer cheap but low-quality
insurance, because such insurance attracts low-risk consumers. RS also suggest frictions,
such as multidimensional types or imperfect competition, might reduce the magnitude of
harmful cream-skimming incentives. We confirm this intuition in a model of health insurance
provision with explicit competition.??

We extend our monopoly model to a simple competitive Hotelling environment, as in
Villas-Boas and Schmidt-Mohr (1999) and Bénabou and Tirole (Forthcoming). Two horizon-
tally differentiated (and otherwise symmetric) insurers are present, indexed by ¢, 5 € {0, 1}.
Each offers a single contract that absorbs a share x € [0, 1] of each consumer’s medical bills
for a premium p > 0.%4

The individual’s expected medical bill is p. The expected cost of an individual to the

e

insurer is ¢ = pk (). We assume k (z) = 2 (1 —x)~°, which implies mean expenditures of

individuals have a constant “moral hazard” elasticity e > 0 with respect to the price paid
by consumers, 1 — z.%
Appendix D.1 shows that further assuming CARA utility and Gaussian wealth shocks

with mean g implies WTP of type (i, v) for coverage x for an insurer at “distance” d is

u=ph(x)+Y(zr)v—td.

The increasing convex function h (z) = % is obtained in Appendix D.1 by inte-

grating consumer surplus. This function captures moral hazard because consumer value
for mean care falls below the cost of providing it: h(z) < k(z).?° The function ¢ (z) =

% (1 -(1- x)2) > 0 captures the increasing but concave willingness to pay for a reduction

B Einav, Finkelstein and Cullen (2010) and Azevedo and Gottlieb (2015) have shown how multidimensional
types can mitigate or even reverse the welfare effects of adverse selection under perfect competition. Villas-
Boas and Schmidt-Mohr (1999) and Bénabou and Tirole (Forthcoming) have studied the benefits of market
power in capital and labor markets with adverse selection.

24Tn this application, higher = benefits consumers.

—er{:y7€71

dk —
Ty—¢ y=e

dy

251f the amount paid by consumers is y, so k = xy ¢, the elasticity is —
26Without moral hazard (e = 0), then h (z) = k (z) = z.

Y _
k
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Figure 6: The set of types purchasing from each insurer at an LSE. The two dimensions of type (i, v) are

collapsed into a single axis for clarity.

in risk, which is maximized at full insurance (z = 1). The individual’s type dimension v
captures “insurance value” and scales how much each individual values reduction in risk.?’
The “travel cost” t captures market power in this Hotelling environment. A consumer incurs
cost td to purchase from an insurer at “distance” d. Each consumer has a Hotelling location
parameter b € [0,1]. The distances d; to each insurer i are defined as dy = b1 {b > %} and
d =(1-0bI {b < %} , where I{-} is the indicator function. That is, consumers incur no
cost if they purchase from their preferred insurer. Types are 6 = (u,v,b) € R2 x [0,1]. We
assume b ~ U [0, 1], so @ has PDF f (u,v) > 0. We assume (u,v) are positively affiliated.

Following Section 2.3, i’s buyers are the set B; = {w; — p; > max {u; — p;,0}} and i’s
exiters are the set & = {u; —p; =0 > u; — p;}. The set of switchers is common to both
plans, S = {u; — p; = u; — p; > 0}. The measures of these sets are ¢;, E;, and 5, respectively,
with M; = E; + S.

Insurer ¢ maximizes profit m; = [ (pi — ¢) f (1, v) dudvdb, taking (v;,q;) as given. For
simplicity, we focus on local deviations from a symmetric equilibrium in which both insurers
choose the same (x*,¢*). We call this a “local symmetric equilibrium” (LSE).?® At an
LSE, the two symmetrically differentiated providers offer a single insurance contract. We
check numerically for non-local deviations from LSE in Appendix D.6. Given our definition
of distances d;, at any LSE, consumers always purchase from their preferred insurer and

therefore incur no travel costs. Given symmetry, we henceforth omit the subscripts 7, j.

2TWe assume moral hazard does not affect the variance of expenditures, and thus ¢ (z) v.

28Formally, an LSE is a pair (z*, ¢*) such that if firm i chooses (x;,¢;) = (z*,¢*), an € > 0 exists such that
(z*, ¢*) maximizes the profit of firm j in the region (z,q) € (x* —¢,2* +¢€) X (¢* — €, ¢* +¢€). Then, if the FOC
and SOC are satisfied at (z*,¢*), it is an LSE. This concept builds on a recent literature in the design of
mechanisms for environments with multidimensional types, such as Erdil and Klemperer (2010) and Carroll
(2012). Considering LSEs greatly increases the model’s tractability without eliminating the effects of interest
present in the literature following RS, such as cream-skimming incentives by firms.
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In this application, business-stealing externalities exist between firms. Following Section
2.3, each consumer in B; and &; contributes to welfare the WTP for i’s plan (w = wu;).
However, consumers in S contribute w = u; — (u; — ¢) = 0, by symmetry of the LSE. We can
then apply Proposition 2 and equation 1 directly to obtain the inefficient cream-skimming
distortion. At an LSE, the set of buyers is the same conditional on each b, as illustrated by
Figure 6. In particular, the composition of S is the same as that of B,so E[- | S] =E][- | B].
Also by symmetry, at any LSE, the cost of the competitor’s product is ¢ = ¢. Then, equation

1 yields
DCov [u',cy | S]  DCov [/, c | B

MS MS

J/

cream-skimming distortion

Using this result, Propositions 1 and 2 imply the quality incentive distortion at any LSE is*’

+(1—D) (E[B] - E[u[£]).

1 (8W 877) _ DCov [/, c | B
g\ Or Ox MS

Appendix D.3 shows that because v/, u, and ¢ are each increasing in (u,v), affiliation of
(p,v) implies Cov [/, ¢ | B] > 0. Moreover, by Proposition 4, the second term is positive.
Intuitively, reducing quality x sorts in favor of low-cost buyers (RS) and extracts rents from
infra-marginal customers (Stiglitz, 1977). Together, these imply that competing insurers

tend to under-provide quality, as formalized below.

Proposition 5. Let the market quantity be fized at a given q. At any LSE, for a fized q,

imsurers under-provide quality: x* < x**.

Like the results of Spence and Sheshinski, this conclusion is weak. It only compares
optimal quality for a fixed quantity because the comparative statics interactions between x*
and ¢* are complex. In a market where all individuals are mandated to have coverage, such
as the United States under the Patient Protection and Affordable Care Act, Appendix D.2
shows x* < x* always, even without the affiliation assumption. It also shows market power
always brings z* closer to ™, so welfare always increases with market power.

However, we focus on the case of an incompletely covered market, where quantity is also
endogenous. This setting is more realistic, but also more interesting because competition
policy involves a real trade-off: market power may increase quality, but it may also decrease
quantity, as emphasized by Mahoney and Weyl (2014) and Handel, Hendel and Whinston
(2015, henceforth HHW).*"

29This result uses E[u' | S| =E[u' | Bl and E[u' | M] = DE [’ | S]+ (1 — D)E [ | €], where D = £

30Mahoney and Weyl (2014) emphasize that market power can directly increase price. Handel, Hendel and
Whinston (2015) emphasize that if market power induces higher z*, such an increase may likewise increase
adverse selection and cost and thereby indirectly contribute to an increase in price.
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In this setting, analytically determining the impact of market power on quality and
welfare is cumbersome. We thus study these outcomes numerically in a calibrated model.
We assume (p, v) have a joint log-normal distribution with parameters matched to the means
and variance-covariance matrix of the HHW data.?! HHW find p and v correlate positively,
which, given log-normality, implies affiliation.** We do not analyze the perfectly competitive
case here, because an LSE often fails to exist, for reasons similar to those in the analysis
of RS. In particular, inspection of second-order conditions (SOCs) shows no LSE exists for
small enough ¢ given the HHW data.*

Following the classic RAND experiment, we calibrate e = 0.2. We numerically compute
the LSE FOCs and corresponding values of (z*, ¢*) for several values of the market power
parameter t. We test whether each (z*,¢*) actually constitutes an LSE by checking SOCs,
and find these conditions hold for ¢ > 3450.>* We also report the implied LSE price p*.

The welfare-maximizing contract has quantity ¢** ~ 1 and quality z** ~ 0.90 (price is
p™* ~ $272), and we refer to this benchmark as the “first-best.” The quality z*, quan-
tity ¢*, welfare, and consumer surplus (CS) at each LSE are shown in Figure 7. To ease
interpretation, we present these results as a function of the markup to average cost at
each LSE, R = z%l[g%lﬂ’ which increases with ¢ over most of the relevant range. We con-

sider LSE welfare W (x,q) = 2¢E [u — ¢ | B] and graph it as a share of first-best welfare,
wr _ W(z*(R),q*(R))

. Similarly, we consider LSE consumer surplus C'S (z, q) = 2¢E [u — p | B]

W H* - W(I**,q**)
and graph ch*: = C%gé@:g*f?). Further computational details are provided in Appendix

D.5.3°
For sufficient market power (¢ > 3450), we find a unique LSE whose properties we

report. The x* value that satisfies the firm FOCs continues to fall as ¢ — 0 beyond this

31Summary statistics in the HHW data are E[u] = 6.6 x 103, E[v] = 68 x 103, V[u] = 50 x 105, and
Cov [i1,v] = 630 x 105. For additional details, see Appendix D.4.

32In Appendix D.2, we show analytically that, in the case of a covered market, this positive correlation
implies cream-skimming is more harmful in a multidimensional model in which consumers differ in (u,v,b)
than in a simpler unidimensional model where consumers differ only in u (along with b). That is, heterogene-
ity in v exacerbates rather than mitigates cream-skimming, which is consistent with the findings of Azevedo
and Gottlieb for the case of perfect competition.

33 Appendix D.2 shows that, in a covered market, the firm’s FOCs are satisfied at a unique z, for any
t>0,if g = % < —1. However, this point may often fail to actually be an LSE if the induced value
of z* is small enough that second-order conditions are violated. If SOCs are satisfied, in the limit as ¢ — 0,
* — 1+ L which is the unique value of  where Cov [u’,c] = 0. These results are highly consistent with
those obtained by Azevedo and Gottlieb, who allow for general contracts and use a price-taking competitive
equilibrium concept that always exists.

34We compute the SOCs using a combination of analytical methods and numerical quadrature in Mathe-
matica. The analytic portions are cumbersome so we do not report them here, but they appear in the code
posted on our websites at www.andreveiga.com and www.glenweyl.com.

35We round all figures to two significant digits.
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Figure 7: On the left panel, as a function of relative markup R, is the share of individuals who purchase

insurance (¢*), insurance quality (z*). On the right panel, as a function of R, is welfare as a share of its

maximum (VV{Y—;), consumer surplus as a share first-best CS (CCTS:*), and behavioral welfare as a share of its
maximum (%) For details, see Appendix D.5.
b

point, but these values are no longer an LSE, because SOCs are violated.?® Azevedo and
Gottlieb study a concept of equilibrium that always exists in our environment even as t — 0,
and find insurance quality is severely downward distorted from the first-best under perfect
competition. Thus, interpreting x* as continuing to fall as t falls along the non-existence
region seems natural. That is, when markets are very competitive, sorting incentives loom
large as emphasized in Section 2.2, causing firms to offer low-quality insurance.

As R is allowed to increase, x* increases and ¢* decreases as expected. The LSE with the
largest welfare has markup R ~ 1.1, quantity ¢* ~ 0.82, and quality z* ~ 0.83 (¢t = 7500,
p* ~ 11000). At this LSE, welfare is over 97% of its first-best level. The LSE with the
largest CS has R ~ 0.92, ¢* ~ 0.91, and 2* = 0.76 (¢ = 4600, p* ~ $8100), and CS is 81%
of its first-best level. Thus, a large share of the first-best welfare can be achieved through a
degree of market power higher than in present markets, according to the markups reported
in Dafny, Duggan and Ramanarayanan (2012).

We then use the flexibility of our approach to consider an alternative welfare standard.
We consider the same equilibrium pairs of (z*, ¢*) as above, because these are generated by

observed behavior. However, we now incorporate Handel and Kolstad (2015) evidence that

36This failure of existence is consistent with the non-existence of the pooling equilibria result under perfect
competition derived by RS.
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consumers are excessively risk averse over the small stakes involved in comparing different
insurance plans. We compute welfare assuming consumers derive utility according to true
insurance value v, = .054v.%" Behavioral welfare at an LSE is W}, (z,q) = 2¢E [wy, — ¢ | B],
where we still use B = {u > p}, but w, = ph () + ¢ (x) v, reflects true insurance valuewy.
W), is maximized at quantity ¢;* ~ 0.98 and quality z;* ~ 0.67 (price is p;* ~ $3000).
, VVVZE* = W. Optimal

quality is lower than under-revealed preference (x}* < z**), as is quantity (¢f* < ¢*),

Figure 7 graphs behavioral welfare as a share of its maximum

to mitigate insurance overconsumption. Because insurance quality increases with market
power, the LSE that maximizes behavioral welfare features a lower level of market power
(R ~ 0.88, t = 3550). This LSE induces quality z* ~ 0.68 and quantity ¢** ~ 0.92 (and price
p* ~ $6600).%® Because the optimal quantity is lower under the behavioral welfare standard,
this level of market power induces behavioral welfare, which is 99.7% of its maximum. The
level of market power implied by this more realistic calibration (priced 88% above cost) is
not far above the levels observed in practice. In sum, some significant degree of market
power is optimal and can achieve close to the first-best in an otherwise unregulated market,
but the quantitatively optimal degree of market power naturally depends on the standard of

welfare evaluation, which can be flexibly adjusted in our model.’

4 Conclusion

This paper makes three contributions. First, we propose a modeling framework with a sim-
plified contract space and multidimensional consumer heterogeneity that makes analyzing
sorting incentives in selection markets tractable. Second, we derive from this model a char-
acterization of sorting incentives as the ratio of two terms. The numerator is the covariance,
among marginal consumers, between marginal willingness-to-pay for quality and cost (or
welfare in the case of a social planner). The denominator is marginal consumer surplus,

a common measure of market power. Finally, we use this characterization to quantify the

37 ?:gﬁg:z = .054 is the ratio of the average CRRA risk-aversion parameters estimated in the behavioral

and neoclassical versions of their empirical model. Handel and Kolstad (2015) find significant heterogeneity
in this behavioral component, although we abstract from this heterogeneity in our analysis. Spinnewijn
(2015) shows these heterogeneous biases have important welfare effects as they lead to distortions in the
sorting of individuals into purchase.

38This is the point at which behavioral welfare is highest among those satisfying both FOC and SOCs,
thus constituting an LSE. Behavioral welfare is actually slightly higher at the unique point that satisfies the
FOC when t = 3400, but that point is not an LSE as SOCs fail.

39These results should be taken with caution, however, because a variety of other regulatory interventions
may help prevent cream-skimming in these markets and make market power a less attractive remedy. We
discuss the implications of these results for competition policy in detail in a companion piece (Mahoney,
Veiga and Weyl, 2014).
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importance of sorting empirically in subprime lending, determine its direction analytically
for a firm engaging in add-on pricing, and calibrate its implications for competition policy
in insurance markets.

Perhaps the greatest weakness of our analysis is that firms are restricted to offering
a single contract. This assumption is clearly counterfactual to many prominent selection
markets: life insurers offer a variety of types of insurance (whole, term, universal) with a
variety of financial terms, mortgage contracts come in a variety of flavors, and so on. Our
analysis cannot give any insight into the range of products that are offered or adopted. This
weakness is particularly acute in extremely competitive markets where the sort of symmetric
pooling equilibrium we study in Section 3.3 often fails to exist but asymmetric equilibria
often do. Azevedo and Gottlieb (2015) define and study the perfectly competitive equilibria
of a model with multidimensional heterogeneity with a rich contract space. Although many
of their substantive results (about the statistical properties of the type distribution that
affect selection and sorting) are consistent with and complementary to ours, an exciting
direction for future research is to develop a framework allowing for multidimensional types,
rich contracting spaces and market power. Such a framework could, for example, be used to
study more fully and formally our conjectures in Section 2.3 comparing privately and socially
optimal product diversity.

Beyond the markets studied in the applications of Section 3, selection occurs in many
other contexts, including employment relationships, matching markets with non-transferable
utility, and platform markets.’’ Research on these markets has, in recent years, increasingly
focused on the possibility of multidimensional types to which our analysis is adapted.

A number of theoretical issues remain unaddressed in our analysis. First, it would be
interesting to study alternatives to our assumption, in the competitive setting of Section 3.3,
that switching consumers are representative of the full population of consumers, as Bonatti
(2011) does for the Rochet and Stole (2002) context. Second, it would be useful to generalize
the conditions of Section 2.4, under which the sorting incentive and Spence distortion can
be signed. Third, it would also be useful to expand our approach to a small number of
contracts and to asymmetric equilibria in multi-firm markets. Finally, additional analysis of
the interaction between sorting and selection distortions seems like a promising avenue for
future research.

NUFFIELD COLLEGE, UNIVERSITY OF OXFORD

MICROSOFT RESEARCH NEW ENGLAND AND UNIVERSITY OF CHICAGO

Appendix

40An earlier version of this paper (Veiga and Weyl, 2012) contains several analyses of such settings.
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A Monopoly Sorting

A.1 First-order conditions

Proof of Proposition 1 and Proposition 2. First, we use the implicit function theorem (IFT)
on the equation that defines the margin, u(z,(,7 (z,p,()) — p = 0, to obtain

or 1 o u(x,(,7)
8_p T Bu(x,(7)’ or  ou@sH
or or
Second, we derive 22 (” . To do so, we differentiate Q = [ c fT (@) f(0) df with respect
to x, borrowing % = —M from our analysis in the text:
0
Q / xa“ g = ME ! | M)
u(x C Ou(z,(,T)
Applying the IFT to the equation that defines inverse demand, Q (z, P (z,q)) = ¢, yields
0Q  9QIP (z,q) opP ME [u' | M] ,
=0 —=—-——-——=E :
or o op Oxr ox -M I M)

Third, we tackle profit and welfare maximization simultaneously by considering

7 (2,9) = // < (2,,0) £ (0) dob.
¢ J7(x,P(x,q),0)

Simple differentiation yields (dropping arguments where possible)

[ [T 02(x,q,0) 0F 07 OP ~ )
o [ [ e [ (G55 ) AR

0z u E v | M|
E |:% | B:| +/€ <8u(cc,(,7~') B ou(x,(,T) > fdc

or or

_E [%w} M E[s | M| —E[d | ME[2 | M]) = ¢E [%w] + MCov[i, = | M].

Profit maximization considers z = P (x,q) — ¢ (z,0), so given P is invariant to 6,

0
a;r =qE[u | M]—qE[d | B] — MCov [u,c | M].
Welfare maximization considers z = w (x,0) — ¢ (z,0), so
%—Z/ =qgE[w' — | B] + MCov [u/,w — ¢ | M].
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First Order Conditions with respect to q. By the IFT %—5 ——. Then,

where 2 a_ = W was derived in the previous proof. Profit maximization considers z =
P(z,q)—c(z,0) so ‘the FOC becomes ‘g’r = —3+(p—E[c | M]) = 0. Welfare maximization
considers z = w (z,6) — ¢(z, ), so the FOC becomes aa_v;/ =E[w—c| M]=0. O

A.2 Signing the sorting and Spence terms

Proof of Proposition 3. By assumption, Cov [u/,c | X] = Cov [t (z,g),¢(z,g) | X] for any
subset of consumers X. If ¢ (z,g) and u (z, g) are co-monotonic in g, from Schmidt (2003),
the covariance of two co-monotone functions of a single variable is positive. If ¢ (z, g) and
@ (z, g) are anti-monotone, their covariance is negative. ]

Proof of Corollary 1. The set marginals is defined by u (x,(, 7T (p,z,({)) = p. Thus, condi-
tional on the margin, marginal WTP is ' (z,(,7) = v (z,(, T (p,z,()) = u(x,p, (). Simi-
larly, ¢ (z,(,7) = c(2,(, T (p,x,()) = ¢(x,p, (). Then,

ot ou  ouoF o aw( 3‘4)
= - + - )

a o "arac T

where g—z = gg ;u by applying the IFT to w (z,(,7 (p,z,()) = p. Because a“ > 0, gz has

the same sign as —j — —Tla—u, which is the first term in the expression given by Proposition

3. The same result follows for ¢, yielding the second term in the Proposition. O]

Proof of Proposition 4. Because u(x,0) and u/(z,0) are increasing functions of affiliated
random variables, they are affiliated by the results of Milgrom and Weber (1982). Thus
E [W|u=p] <E[u|u> p|. O

B Credit Markets

For the left panel of Figure 4, we simulate 10° consumers, each with an initial car value and
initial liquidity, following the distribution estimated by EJL. For each consumer, we simulate
a stream of stochastic income shocks, also following the model in EJL. For each consumer, we
compute whether she purchases the car in three scenarios: (1) when (z,p) = ($1000, $11000),
(2) when (z,p) = ($1010,$11000), and (3) when (z, p) = (31010, $11500). For instance, those
types who purchase the car in the baseline but do not purchase after the increase in p are
“p—marginals.” The graphs plot only a subset (1%) of the simulated consumers, for clarity.

For the right panel of Figure 4, we simulate 5 x 10° consumers. We determine the set
of all marginal consumers (2- and p-marginals together) following the procedure above. For
each consumer, we determine whether they default on the car payments, given their type
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and (random) draw of income shocks. We then segment marginal consumers into several
subgroups, based on their initial car value. We consider car value in intervals of $250 within
[$0, $6000]. Within each interval, we compute the default rate. We then plot a subset (1%) of
all marginal types, according to the default probability of their subgroup. The distribution
of default probabilities is not monotonic because of the noise in the stochastic income shocks
simulated for each consumer.

To produce Figure 5, we simulate 10° consumers. We then consider z in equally spaced
intervals of $250 within [$0, $2000] , and consider p in equally spaced intervals of $300 within
[$5000, $17000]. We compute the set of buyers at each combination of (x,p). We identify z-
and p-marginals again by considering a $10 increase in x and a $500 increase in p. We then
compute, at each point, the default rates among all buyers, z-marginals and p-marginals.

C Add-On Pricing

We assumed ) (w) < 2 to guarantee u increases in w. This condition is endogenous but
quite weak. Suppose, for example, that individuals are perfectly sophisticated once they
have reached an income of $100k (if they were not perfectly sophisticated at this income, the
results would be biased in favor of our assumption) and that sophistication never increases
at more than twice the average rate between an income of 0 and $100k (A" < 2E [X\']). Then a
sufficient condition for our assumption to hold is that x is no more than half of the total value
of the activity to an individual earning $100k (z < %FA (100k)), which strikes us as a very
weak assumption. Primitive conditions can also be given that ensure this condition holds,
but they are too strong for our purposes. For example, if ny, < 1, then for any individual
purchasing given that price is strictly positive, w > Ar so that ¢ > % = ;‘—; > N,

Proposition 6. Cov [u/,c | M| has the same sign as 1 —n, where n = w%, if 1 —n is
signed globally.

Proof. By the reasoning in the text, we must show 1 — 7 has the same sign as

. Mo Na 1 B 0 . A B Na .
aw—Ax  a(a— Nz) aw—Ar  a(a—Nz) aw—Ar  a(a—Nz)

Aa(a—Nz)—Na(aw—Ax) =ar(1—17).

Here, o denotes preservation of sign, and our claim relies on the fact that awi ; and the

hypothesis that A (w) < £.*' This completes the proof as o, A > 0. O

41The result can be proven without this hypothesis, but we omit that proof for brevity (it is available
upon request).
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D Competition in Insurance

D.1 Deriving WTP and cost

We derive the expressions of WTP and cost from a more primitive model. Constant absolute
risk aversion (CARA) consumers maximize the expected value (over realizations of a shock)
of wealth equivalents —e™*", where w is final wealth equivalent and a > 0 is absolute risk
aversion.

Ind1v1duals obtain wealth-equivalent value ¢ from mean health care expenditures of m,
where ¢ = ue Tem el, where g is an individual-specific expenditure-shifter, and e is a
common Constant moral hazard elasticity. If an individual has insurance with actuarial rate
x, the cost of health expenditures m is (1 — z)m dollars. Optimal mean expenditures are
thus given by the first-order condition

R
(1—ax)
The expected cost of covering an individual of type p with actuarial rate z is thus

c(x, p,v) = W Moral hazard also implies net utility achieved under an actuarial rate of
x of

11 N
pem e =1—x=>m" =

h(p,z) = ——M(zl__xe))l_e

In addition to this mean utility, individuals face an unpredictable Gaussian variance in
their health expenditures with individual-specific variance o?. By the standard CARA-
normal formula, the mean wealth-equivalent loss for this variance is ¢ —2 without insurance,

r(l— :E)2a” if the individual is 1nsured at actuarial rate z. Thus, the wealth equivalent of

no insurance (r = 0) is —7% — “3-, and the net WTP for an actuarial rate of x relative to
no Insurance Is

2

H 2
uzl_e[l—(l—x) }—1—7[1—(1—3:)}.

D.2 Analytic results with a covered market

This section derives stronger results that those presented in the main text, under the as-
sumption that the market is covered; that is, consumers may only choose which of the firms
to purchase from and may not choose to forgo purchasing.

Proposition 7. In a covered market, any LSE x*solves
!/ / 1 !/
E[U—C]ZECOV[U,C]. (2)

For any t > 0, ezactly one solution z* € (0,1) to this equation exists.

Proof. At an LSE, by symmetry, ¢ = %, and because the market is covered, the set of
switching consumers are all those with b = % because the products are identical. This set
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of consumers has the same 6 = (u,v) distribution as all consumers, and thus the relevant
expectations are all unconditional. Furthermore, M = S = —%—g = 2%
The first part of the proposition follows directly from Proposition 1. Note these results

hold regardless of the specification of the utility and cost functions.

We now plug in v’ = ﬁ +v(l—2z) and ¢ = (1,“:,3)@ + e(lj”)‘eﬂ. Thus, equation 2 yields
K[y 1 1 Tp 2V [p] + (1 — 2)Covp, v]
1-2)Efy]— —— o = ZCov |2 w1 — -
(=)l -g— e ® = 10 |G T -2 o {1l —2)
(1—a)° LVip]  eElp] 1
ASLTAN ) - .
" [v] tl_x+(1_x)2+tCov[u,v]

The left-hand side of this equation is strictly decreasing in x and approaches co as x — 0,
whereas the RHS is strictly increasing in x and approaches co as x — 1. Thus, precisely
one solution to the equation must exist by the mean value theorem given that all terms are
continuous. O

In what follows, we use a natural measure of the statistical relationship between p and v

repeatedly, namely, the ordinary least squares regression coefficient of v onto u, 8 = C‘%‘,’[[ﬁ]’”}.

Proposition 8. Suppose 5 > —1 (1 and v are not too negatively correlated). Then sorting
is adverse at any LSE, and insurance is lower at the LSE than is socially optimal (x* < x**).

*
Moreover, ddit > 0.

Proof. For any = € (0, 1), sorting ”[“”j((lljj))fov[“’”] > 0 because it has the same sign as

Vu] + (1 — x)Cov|u,v] and thus of 1+ (1 —z)5 > 0 as § > —1. Thus, sorting is adverse at
any LSE.

Following the logic of Proposition 7, but applied to the competitive welfare-maximizing
condition derived in Section 2.3, yields E [u' — ¢/] = 0, which again has a unique solution for
the same reasons above.

By the standard comparative static argument (Milgrom and Shannon, 1994), adding a
strictly negative term to this equation must cause z*to strictly fall, so that the welfare-
maximizing x* level is above the LSE level. Finally, by the same logic, because raising ¢
strictly reduces the magnitude of this strictly negative term, x* must rise in t. O]

Although we focus on imperfect competition, we briefly discuss the limit when ¢t — 0
in order to compare the results of our model with the perfectly competitive models of RS
and Azevedo and Gottlieb (2015, henceforth AG). The low transport-cost limit of imperfect
competition is frequently interpreted as perfect competition; for example, see Rochet and
Stole (2002) and Rochet and Tirole (2003). For consistency with RS, we assume away moral
hazard for the purpose of these results (i.e., e = 0).
= %I@E’f >0,8=v—1and B < —1 be the unique
solutions to 2y = — (B3 + (%). In the limit as t — 0, we obtain the following:

First, if 8 < B, the unique LSE has x* =1+ %

Second, if B < B < B, no LSE exists.

Proposition 9. Suppose e = 0. Let
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Third, if B > B, the unique LSE has z* = 0.

Given this result is very tangential to our analysis, we omit its proof here; we included it
in the working version of this paper. We instead discuss only the relationship between this
result and the work of AG. First, note that over a substantial range of 8 (in our calibration,
down to 8 = —6 and up to 3 = 22), no LSE exists. This conclusion is consistent with the
non-existence results of RS, given that in their model, effectively 4 = 0, which in our model
always produces non-existence. Second, note that equilibrium insurance, when a positive
insurance LSE exists, increases in the degree of negative correlation (—f) between p and
v. This result is consistent with AG’s finding that the stronger the negative relationship
between i and v, the greater the average insurance quality in equilibrium. Finally, also
consistent with their results, we find that when the correlation between p and v is strongly
positive, all insurance is driven out of the market. Thus, in the case in which they are
comparable (in the perfectly competitive limit), our results closely parallel results, allowing
for arbitrary contracts (RS and AG).

D.3 Equilibrium insurance is insufficient

Proof of Proposition 5. By the comparative static argument used to establish Proposition 8
above, for a fixed ¢, it suffices to show that both terms identified in the text in the divergence
between the social and private first-order conditions are positive. The Spence distortion can
be signed by the assumption of affiliation and Proposition 4.

For sorting, recall the distribution of § = (u,v) in S is the same as in B. Let

0 u(z,0) <p
and similarly for ¢, (z,p, #). Note that because v/, ¢ > 0 and u, /, ¢ are monotone increasing
in all components of 0, u’_, c; are monotone increasing functions of both components of § and
thus are affiliated by the argument in the proof of Proposition 4. Furthermore, by definitio,n
Cov [u/, ¢ | B] = Cov [u'+, c+} > 0, because affiliated functions have positive covariance. [

In a working version of the paper, we also showed that, regardless of the statistical
relationship between p and v, Cov [/, ¢ | €] > 0. The reason is that the insurance motive
¥ () is concave, whereas risk-transfer motive k () is linear (with no moral hazard) or convex
(with moral hazard, though we did not consider this case in the previous draft). We do not
include the proof of this result here, because it is not relevant to any results we state in the
text, but we note it here as an application of Corollary 1.

D.4 Simulating the HHW market

HHW use proprietary-claims data from a firm that uses cross-subsidies to achieve a variety
of objectives other than single-plan profit maximization, such as employee retention and
productivity. Those data are not from a competitive market.*> To the first two significant

42 Assuming a widely used proprietary risk-estimation package represents the information set of individuals,
the authors are able to recover the joint distribution of p and v for the entire population from the joint
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digits, summary statistics in the HHW data are E[u] = 6.6 x10%, E[v] = 68x 103, V [u] = 50 x

108, and Cov [, v] = 630x 10%. We do not know V[v], but the variation in a seems to be quite

small and only weakly correlated with that in o2, so we set V[v] = E[a]*V [0?] = 9.8 x 10°.
We assume (1, v) has a joint log-normal distribution:

log(u) \ _ AL V, C

log(v) m, C 'V, )’
Then E[u] = e™+3%, Efv] = e™ 3%, V[u] = E[u]? (" — 1), V[v] = E[v]? ("> — 1), and
Cov|p,v] = E[]E[u] (¥ — 1). This system of equations of five equations with five unknowns

can be solved analytically and uniquely (calculations omitted here) to yield m, = 8.4,
my, =11, V, = .76, V, = 1.2, and C = .63.

D.5 Computing LSE

We use the joint density f (u,v) = fuu(pt | v)fo (v), where log (v) ~ N (m,, V) and log(u) |
v~ N (84+0.53 x (log(v) — 11),0.43).

HHW do not consider moral hazard in their model. We adjust the distributions they
obtain so that there is no moral hazard at their typical coverage level, = 0.86. Without
moral hazard cost is zu, so we shift the mean of y by «, so that i = au solves

c=2p(1—-2) ‘" =pt=a=»1-12)°,
where e = 0.2 is the moral hazard elasticity. This formula corresponds to adding log () to
the mean of log(u) | v described above.

We then use MatLab to compute the required one- and two-dimensional integrals using
its built-in numerical integration routines. We provide a few examples below. Because S has
the same composition as B, we can compute expectations conditional on § as if they referred
to the entire population of buyers (e.g., E[u' | S] = E [« | B]). We define i = p—hzléz)f)v as the
threshold value of p conditional on v that makes a consumer indifferent about purchasing.
Then, regarding the sets B or S, we can compute

Q- /O°° /OOO (> i} fuop | 0) o (0) dpd

Ble(e.) | S| =Ele(en) 8= 5 [ [ 102 @) elwn) funlu | 01 (0)duc.

Moreover, note S = %
We define vp4. (p, ) = ﬁz) as the point where the function fi crosses the v—axis (i.e.,

where i = 0). Then, regarding the set £, we can compute

distribution of claims and risk estimates, based on the package and plan choice by individuals. They follow
an approach analogous to that of Cohen and Einav (2007), using individuals’ choices among available plans
coupled with an assumption that a is distributed normally conditional on p,o?, and other covariates to
estimate the joint distribution of u, o2, and a.
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Removed points where Max[IFOCpl,IFOCxI]>10 or <3450

0.9 ‘ 0.9
08} 1 085
0.7} 1 08}
*>< *><
06} 1 075}
05 1 0.7}
0.4 - . 0.65 .
10 10 10 10 10
t
x10* x10*
8 : 8
6 6
o 4 o 4
2 2
10° 10" 10° 10° 10" 10°

Figure 8: On the left, all computed values of (z*,p*); on the right is a graph where we removed those
values for which £ > 10 and those for which the SOC does not hold (¢ < 3450).

1 o0
B= o / 1{0 < Vnas} Fupo (i | 0) fo (v) d

B (ono) [ €] = 5 [ 10 < v} o' 0. 0) f | 01 (0) o

We then considered the function £ (x,p) = Max [|FOC,|, |FOC,||, where FOC, and
FOC, are the RHS of the FOCs in Propositions 1 and 2. We used MatLab’s optimization
procedure to minimize £ (z,p) for different values of ¢. For t € [2500, 10000}, we considered
t at intervals of 50 (because this interval is the range in which the welfare and CS maxima
occur). For ¢t € [15000,50000], we considered ¢ in intervals of 1,000 to confirm the broad
trends in (z*, ¢*).

The minimization procedure occasionally failed to converge, so we do not consider those
values of ¢ for which £ > 10, although most observations have ¢ < 0.01. This failure of
convergence affects only a small minority of the computed LSE. As a robustness check, we
also computed the values of (z, p) that minimize £ from a fine grid of values of (z, p), for a few
values of t. This procedure is computationally much more demanding and delivers results
that are reassuringly similar but coarser (these results are not shown but are available upon
request). To give a sense of this procedure, Figure 8 shows a graph of all the values of (z, p)
computed for each t, next to a graph where we removed those values for which ¢ > 10 and
those for which the SOC does not hold (¢ < 3450).

We use Mathematica to obtain an analytic expression for the SOCs, and determine that,
in the HHW, the SOC holds for ¢ > 3450. This expression is cumbersome and therefore not
presented here but is available upon request.

We computed relative markups, welfare, and consumer surplus at each LSE, again by
numerical integration. Table 1 below presents the characterization of several of the LSE we
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ot | p | | R [ wrywe [ osrjose | Wy /W]
2500* | .55 | 4800 | .95 | .85 .82 71 .96
3500 | .67 | 6900 | .90 | .94 91 78 1
4100 | .73 | 7500 | .90 | .90 94 .80 .98
4800 | .77 | 10000 | .85 | 1.29 .95 78 .94
7000 | .82 | 11000 | .85 | 1.1 97 .80 .88
10000 | .85 | 13000 | .81 | 1.3 97 78 .83
25000 | .88 | 21000 | .68 | 2.12 .94 .70 .74
40000 | .90 | 50000 | .32 | 4.06 .76 A7 .62

Table 1: LSE characteristics for different levels of market power ¢ (used in Figure 7) rounded to two
significant digits. Starred value of ¢ are not included in the figure because they do not constitute equilibria

given that second-order conditions fail.
computed (the full table is available upon request).

D.6 Non-local deviations

We simulate a market with 10* consumers, each with a type (u,v) following the lognormal
distribution described above. We augment types by the location parameter b, using 100
equally spaced points drawn from U [0, 1], for a total of 10° consumers. We then compute
profit at non-local deviations from the LSE values in Table 1. We assume firm 0 plays the
LSE that maximizes welfare, and then consider profit at a number of deviations by firm 1.
We compute profit at 100 x 100 equally spaced points in the grid (p,x) € [0,30000] x [0, 1].
The best deviation affords an increase in profit of only 0.2% relative to profit at the LSE.
Moreover, the contour graph of Figure 9 show these deviations occur for values of (p, x) that
are extremely close to the computed LSE (p*,z*), so we attribute this small disparity to
numerical rounding errors.
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