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Abstract

Should sellers of health insurance be allowed to use the buyer’s age when
setting prices? This paper considers competitive markets with adverse selection
where firms compete in prices as in Akerlof (1970). I describe the optimal extent
to which a signal of buyer type should be contractible by the sellers. A signal (e.g.,
age) partitions consumers into subsets (e.g., young and old). Community rating
(i-e., restricting the contractibility of this signal) increases welfare if the consumer
subsets where the level of cost is higher are also the subsets where there is greater
deadweight loss due to adverse selection. Such signals are empirically common.
There is typically an interior optimal constraint on contractibility that maximizes
welfare.

To illustrate empirically the potential benefit of community rating policies,
I estimate the distribution of valuations and cost for UK annuities for several
groups of consumer ages and gender. The model is estimated using proprietary
data that include the annuity seller’s estimate of each individual’s longevity.
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1 Introduction

Would consumer surplus increase if annuity rates were not allowed to vary with age?
Should these rates vary with gender? There is little guidance as to which individual
characteristics (e.g., gender, age) should be contractible in a given setting. The issue
is especially relevant in markets like annuities and insurance, since characteristics
like age and gender are often correlated with the private information responsible for
adverse selection.

The disparate set of contractibility regulations across countries and markets sug-
gests that their effect on welfare is not well understood. For instance, a controversial
2012 EU ruling mandated that all insurance prices be gender-neutral but age, place
of residence and other characteristics remain fully contractible. Similarly, the United
States Affordable Care Act mandates that pre-existing health conditions are not con-
tractible by insurers, but prices can vary with the individual’s zip code and smoking
status. Understanding the welfare effect of such policies is particularly important be-
cause these policies are politically expedient to change and have a low implementa-
tion cost. Conversely, policies like subsidies and mandates require substantial public
funds or they can be perceived as restricting consumer choice.

This paper characterizes the socially optimal contractibility of a given signal. A
signal (e.g., age) partitions consumers into subsets (e.g., young and old). Restricting
the contractibility of age shrinks the difference in the prices charged to young and
old individuals. I show how the optimal contractibility of a signal is determined by
the characteristics of the consumer partition induced by the signal. I then illustrate
empirically the potential welfare gain of such a policy in the context of UK annuities.
The results suggest that optimal price discrimination policy can achieve welfare gains
equivalent to of total annuitized wealth, or million per year.

I consider an industry affected by selection, where firms compete in prices (as in
Akerlof (1970), but unlike Rothschild and Stiglitz (1976)). A product is adversely se-
lected if its infra-marginal buyers (those with the highest relative valuations for that
product) are costlier than its marginal buyers. If all individuals must be charged the

same price (for information or regulatory reasons), firms will cover the high cost in-
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curred on infra-marginal buyers by charging a high price to all individuals. Then,
low-cost marginal individuals will face a price higher than they would face if infor-
mation were symmetric. Therefore, an adversely selected product exhibits a price that
is inefficiently high.

Often, firms have access to a signal (e.g., age) that is imperfectly correlated with
individual costs and valuations. Realizations of the signal partition consumers into
multiple subsets (e.g., young and old). A regulator can, for instance, mandate that the
price difference between the young and the old cannot exceed a given amount. A ’full
community rating’ or "full CR’ policy would mandate the price difference be zero. A
"full price discrimination” or "full PD’ policy would impose no constraint.

The key tension is that CR raises prices for some individuals and lowers it for
others. If the industry is competitive, firms break even in any scenario. Relative to
PD, CR never results in a Pareto improvement, but it can increase overall consumer
surplus. This paper characterizes the policy that maximizes total consumer surplus.

If each consumer subset is homogeneous in cost, full PD is the welfare maximizing
CR policy. In this case, there is no private information within each consumer subset.
Under perfect competition, full PD eliminates all deadweight loss, as in Pauly (1970).
CR introduces adverse selection where it previously did not exist.

However, there often remains some private information conditional on the signal
realization. Suppose young consumers possess significant amounts of private infor-
mation. For instance, a young annuity buyer might be purchasing an annuity at an
early age because a health condition has forced her to retire, or because she is wealthy
enough to retire early. This private information can create adverse selection within
the subset of young buyers. Suppose there is a single annuity contract for sale. Under
full PD, adverse selection causes the annuity price among the young to be excessively
high, resulting in a deadweight loss. If old annuity buyers are homogeneous, the price
charged to the old is efficient under full PD. Now suppose a regulation marginally
shrinks the price difference across these two consumer subsets. Prices charged to the
old would rise, but this would have no first-order effect on welfare, because the old
were charged the efficient price. The price charged to the young would fall, increasing

welfare within that consumer subset. Thus, overall welfare would increase.
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In this (extreme but illustrative) example, CR is beneficial because the high-cost
consumer subset (the young) is also the subset experiencing the greater adverse se-
lection distortion. This pattern is empirically common in a wide range of markets,
because individuals tend to have private information about costly outcomes (Hen-
dren (2013), Brown et al. (2014)). Therefore, some amount of CR is often desirable.
Moreover, the intuition applies to a wide range of markets from annuities to health
insurance, life insurance and credit markets.

The intuition described above generalizes in several ways. The model can accom-
modate signals that partition consumers into more than two subsets. I also extend the
model to a setting where firms offer multiple products, but consumers must purchase
one of them, as is the case in my empirical application to UK annuities, described be-
low. In both extensions, the qualitative results and their intuition are similar to those
described above.

I proceed by illustrating empirically the potential benefit of CR policy in the con-
text of the £12bn/year UK annuities market. Annuities provide a stream of payments
conditional on the annuitant being alive. In this setting, annuity purchase is manda-
tory but individuals can choose their guarantee period. For instance, a five-year guar-
antee implies the buyer’s estate receives the annuity payments for five years even if
the individual dies within that period. Contracts with shorter guarantees have larger
monthly payments. All else being equal, short guarantees are appealing to individu-
als with high longevity since they are unlikely to be affected by guarantees. Because
long-lived individuals are costlier buyers of annuities, there can be adverse selection
into contracts with short guarantees. This adverse selection raises the cost of short-
guarantee contracts, lowering the monthly payments in such contracts. In equilib-
rium, adverse selection results in too few individuals choosing contracts with short
guarantees (but large monthly payments).

I being by estimating the joint distribution of longevities and bequest motives
among UK mandatory annuitants. I use a structural model of annuity contract choice
that makes the following assumptions. First, individual mortality follows a propor-
tional hazard Gompertz process. Second, period utilities from consumption and be-

quests both exhibit constant relative risk aversion with the same curvature parameter.
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Third, retirement timing is exogenous to the choice in contract.

The model is estimated using a proprietary dataset of individual level annuity
purchases from a large UK insurer over a span of two years. The data include all
information used in pricing and several other individual-level covariates. The data
also include the firm’s estimate of each consumer’s life expectancy, using the firm’s
proprietary algorithm. This is, to my knowledge, the only dataset to include the firm’s
perceived cost in an annuities setting. This information allows me to take individual
longevity as observed (to the econometrician), although it is not contractible by the
firm.

The model is identified by variation in individual choices and variation in the
rates offered to different individuals. Rates vary with the size of pension funds be-
cause firms are allowed to price discriminate on this characteristic. However, fund
size does not directly affect guarantee choices under the CRRA assumption, so this
variation is exogenous given the model’s assumptions. To make the estimation max-
imally flexible, I estimate the model independently in four consumer subsets: men
and women, purchasing at ages 60 and 65.

T use the estimation results to compute the competitive equilibrium at a continuum
of policies between full PD and full CR. At each policy, I measure consumer welfare
as the increase in non-annuitized wealth that would deliver the same utility as the
individual’s preferred annuity contract. For concreteness, I express this amount as
a share of total annuitized wealth (£12bn in 2013). I find that optimally restricting
the contractibility of gender increases consumer surplus among 65-year-olds (men
and women) by the equivalent of of annuitized wealth, and by among 60-year-olds.
Optimally restricting the contractibility of age increases welfare by among women
(60- and 65-year-olds). However, full PD on the basis of age is the optimal policy for
men.

A key theoretical innovation of this article is to characterize, in a tractable way, the
optimal contractibility of an arbitrary signal. Levin (2001) finds that, in markets with
adverse selection, revealing private information always increases the probability of
trade. That article does not consider welfare directly. Moreover, it focuses on binary

signals that partition individuals into one subset where everyone has a higher valu-
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ation than anyone in the other subset. That result does not hold when more general
signals are considered.

I focus on a novel benefit of CR: reducing static deadweight loss from adverse se-
lection. Arrow (1963); Handel et al. (2015); Koch (2014) emphasize that age-based CR
can increase welfare because it allows individuals to obtain insurance against changes
in health status over one’s lifetime (i.e., reclassification risk). My results show that CR
can be beneficial even in settings where reclassification risk is absent, as is the case in
annuity markets.

The innovations of my theoretical model include allowing for residual asymmet-
ric information conditional on signal realizations and considering the continuum of
policies between full PD and full CR. By contrast, this kind of heterogeneity has not
been considered by the existing literature on third-degree price discrimination (e.g.,
Aguirre etal. (2010), Schmalensee (1981)). Chen and Schwartz (2015) consider a monopoly
selling to two subsets of individuals, each with a different level of cost, but each con-
sumer subset is homogenous. Moreover, this literature tends to focus on comparing
the two extreme policies of full PD and full CR.

My focus is on CR policies which are implementable using only knowledge of ag-
gregate quantities such as the joint distribution of cost and willingness to pay. By
contrast, Bergemann et al. (2015) shows that any feasible split of consumer and pro-
ducer surplus is achievable under an appropriate information structure. However,
implementing these allocations would require a regulator to know each individual’s
valuation.

Crocker and Snow (1986), Hoy (1982) and others find that costless consumer cat-
egorization (i.e.,, PD) can expand the utilities possibility frontier and even lead to a
Pareto improvement. In this context, Finkelstein et al. (2009) consider specifically the
annuities market. Those articles consider settings with endogenous quality (like Roth-
schild and Stiglitz (1976)) whereas I consider firms that compete only in prices. Com-
petition in prices with otherwise fixed contract characteristics is common in many
significantly regulated markets, like annuities and health insurance.

My empirical framework is similar to that of other studies of annuity choice such
as Kotlikoff and Spivak (1981), Mitchell et al. (1999), Davidoff et al. (2005). The most
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closely related article is Einav et al. (2010b, henceforth EFS), who also study UK an-
nuities. Their dataset does not include individual expected longevity or a number of
other covariates I observe. Also, because it is less recent, their data does not include
variation in rates. Moreover, their focus is on optimal mandates, whereas I focus on
CR policy.

To my knowledge, this article is the first study of CR in the context of annuities
markets. Blumberg and Buettgens (2013), Orsini and Tebaldi (2015), and Ericson and
Starc (2015) empirically study the effect of age-based CR in the context of US health
insurance. Orsini and Tebaldi (2015) find CR has little effect on enrollment but a sig-
nificant effect on government expenditures. Ericson and Starc (2015) find that CR
reduces profit and increases overall consumer surplus.

The paper is organized as follows. Section 2 contains the theoretical results. Sec-
tion 3 describes the data and institutional context. Section 4 describes the structural
model of annuity choice. Section 5 describes the estimation and results. Section 6 con-
tains the counterfactuals. Section 7 concludes. The appendices following the main text
contain all proofs and additional details regarding the data, estimation and additional

calibrations.

2 Theory

21 Baseline Model

My baseline model is similar to that of EFC.! I consider a continuum of consumers
with unit mass. A single contract is offered (e.g., an annuity or a health insurance
plan). Consumer willingness to pay is u € [0,7u], with smooth PDF f (u).? All firms

are identical, and I focus on allocations where all firms charge the same price p. * A

'Relative to EFC, I consider demand, cost, and so on as functions of prices, not quantities. This
setup is more natural in the context of price discrimination and will result in simpler expressions for
the results below. It is straightforward to express all functions in terms of quantities, as in Einav et
al. (2010a); Mahoney and Weyl (2014).

2 Appendix B1 explores examples of possible micro-foundations of .

3Price competition is common in regulated markets such as annuities and health insurance. See
Einav et al. (2010a) for a discussion.
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consumer buys the contract if u > p. Industry demand is

QzQ(p)z/uf(U)du

with slope Q' = Q' (p) < 0. The semi-elasticity of demand is

a:a(p):—g>0.

Individuals with willingness to pay v have a cost MC' = MC (u) > 0.* I will refer
to MC (p) as the “industry marginal cost” since it is the derivative of industry total

cost with respect to quantity, at price p.” The industry average cost is
AC = AC (p) = E[MC | u > p] = 1/ MC () f (u) du,
Q(p) Jy
with slope AC" = o (AC — ¢) . Industry profit is

m(p)=Q () (p— AC (p)).

with slope 7’ =7/ (p) = Q' (p — ¢) + Q.
I use the following definition of consumer surplus:

csch(mz/ (u—p) f (u) du,

p

with slope CS" = CS’ (p) = —Q (p) . Therefore, welfare is W (p) = CS (p) + 7 (p),
with slope W/ = W' (p) = Q' (p — ¢) . Notice that, at marginal cost pricing (p = MC),
a marginal increase in the price has no first-order effect on welfare.

This definition of consumer surplus, together with the assumption of quasi-linear
utility, implies income effects are negligible, so redistribution has no intrinsic value.
Therefore, any benefit of CR in this setting must arise due to a decrease in static dead-

weight loss.’

“One can think of MC (u) is the average expected cost among all individuals with valuation wu.

5 s [ v dCc __ dCc 1 _ McCcxQ' _
If total cost is C'= ["c(u) f (u) du, then 55 = & 570 = #57% = MC.

5This definition of consumer surplus and welfare is ubiquitous in the PD literature and common
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I make the following regularity assumptions:
* T assume free entry of firms into this industry.

e Tassume MC is monotonic and M C’ < 2, so marginal cost is not increasing too

fast with valuation.

e Fourth, I assume the relevant range of prices is always below the monopoly

price.7

e T assume Q is log-concave so ¢’ (p) > 0. This assumption implies welfare is
responsive to prices when markets experience a large price distortion, but small
welfare gains result from correcting prices in markets that are already close to

their efficient price.

Under the regularity conditions presented below, a unique pure-strategies Nash

equilibrium price p* exists that satisfies
m(p") =0=p" = AC(p").

At the equilibrium price p*, each firm breaks even and so does the industry as a whole.
Proof. See Appendix XXX. O

However, any welfare-maximizing (interior) price p** satisfies
W' (p™) = 0= p™ = MC (p™).

That is, the socially optimal price p** is determined by the fixed point of MC (p),
whereas the equilibrium price p* is determined by the fixed point of AC (p). There-

fore, whenever M C (p) # AC (p), the competitive price will not be the welfare-maximizing

price (p* # p**).

in the adverse selection literature.

"The assumptions in Appendix B2 imply AC (p) is either decreasing or a contraction, and therefore
has a unique fixed point. The condition is equivalent to the assumption in Mahoney and Weyl (2014)
that average cost (as a function of quantity) is everywhere less steep than inverse demand.
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As emphasized by EFC, M C (p) might differ from AC (p) due to adverse or ad-
vantageous selection. The product is adversely selected if MC’ > 0, so those with
higher willingness to pay also have higher cost. Adverse selection implies that, at a

given p, infra-marginal buyers have a higher cost than marginal buyers. Therefore,
MC' >0=Ec(u) |u>p]>c(p) = AC > c.

This wedge between M C' (p) and AC (p) generates the selection distortion empha-
sized by EFC. If the product is adversely selected, then p* > p**. That is, the product’s
equilibrium price will be higher than is socially optimal, which distorts individual
choices. Relative to a setting with symmetric information, fewer individuals buy the
product. Because AC’ = o (AC — ¢), adverse selection also implies AC’ > 0. The
slope of AC'is proportional to the wedge between AC and ¢, and therefore AC” cap-
tures the importance of adverse selection. For instance, without selection, the AC
curve is flat (¢ = 0 = AC’ = 0). Figure 1 illustrates the equilibrium and socially

optimal price in a market where the product is adversely selected.”®

22 Price Discrimination

PD becomes relevant if firms observe a signal that partitions the set of consumers into
multiple “markets”. Suppose two such markets exist, indexed by m € {4, B} (say,
young and old). Let the subscript m identify the demand, price, and so on in each
set.” I assume, for simplicity, that the same (unit) mass of consumers exists in each
market.'” Notice that I consider an arbitrary partition {A, B}, in contrast to Levin
(2001) who assumed that the subsets A, B are ranked by strong set order.

I continue to assume free entry of firms into the industry. However, if there are

constraints on PD, firms cannot reject a willing buyer, because such rejection would

81t is also possible that the product is advantageously selected, if MC’ (u) < 0, implying AC' <
¢ and AC’ < 0. In this case, infra-marginal buyers are less costly than marginal buyers, which
drives down the price of the product resulting in p* < p**. In this case, relative to a setting with
symmetric information, more individuals choose to buy the product. If AC’ is large and negative,
then advantageous selection is significant.

9For instance, Q4 (pa) is demand in subset A; pg is the equilibrium price in subset B under full
PD.

107t would be straightforward to scale each market up by a different factor capturing its size.
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Average / Marginal Cost
A

Adverse Selection:
MC increasing

AC(p)

Optimal price: Competitive price:
p**=MC n=0 = p*=AC

Figure 1: An example of equilibrium and socially optimal price in a market with
adverse selection. The diagonal dashed line is the 45° line.

p/u

amount to PD. Therefore, each firm must serve both consumer subsets and, in equi-
librium, the industry will charge prices p4, pp such that firms break even across both

consumer subsets:

ma (pa) + 7B (pB) = 0. (1)

Under full PD, prices are ps = p% and pp = p¥, such that 74 (p%) = 75 (pj) = 0.
Under full CR, firms charge p to all consumers such that 74 (p) + 75 (p) = 0.} At
full CR, the industry makes a loss on one subset of individuals and a profit on the
other, breaking even overall.'? Henceforth, I use the superscripts x, xx, and to denote
functions evaluated at p*, p**, and p, respectively.'?

WLOG, I define consumer subset A as the “high-cost” subset in the sense that, at

HEyll CR implies p = m (QaACA 4+ QBACE). As was the case when there was a single set
of consumers, the price equals the average cost in the entire market (the quantity-weighted average of
AC,, in each subset).

12Notice that the industry makes a loss on some consumers and a profit on others even when a
single consumer set is involved.

3For instance, Q}, = Qm (pf) and AC,, = AC,, (pm).
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p, the industry makes a loss on A and a profit on B:

ma(p) <0< 7p(p)-

This condition is equivalent to p% > p > p% or AC4 (p) > p > ACp (p), hence subset
A being “high cost.” Consumer subset B is the “low-cost” set.

I consider a continuum of policies between full PD to full CR. Let x € [0, 1] be the
“CR policy.”'* For each set m, let each price p,, be determined by the functions p,, (x)
defined implicitly by

T (Pm (X)) = XTm- (2)

At full PD (x = 0), equation 2 becomes 7, (pm) = 0 = pp, = pf,. Atfull CR (x = 1),
Tm (Pm) = Tm = pm = p. The break-even condition (equation 1) is satisfied at each

X € [0,1], because > 7, (Pm (X)) = X D Tm = 0. Then,

o _
dx 7,

Since profit is concave and all prices remain below the relevant monopoly price, then
7, (Pm) > 0. Because 74 < 0 < 7, an increase in the CR policy x lowers the price
of the high-cost market (‘%? < 0) and increases the price of the high-cost market

d,
(%5 > 0).

23  Optimal CR policy

My goal is to characterize the policy x that maximizes total welfare,

W (x) =Wa (pa(x)) + Wz (ps (X)) -

Henceforth, I will define welfare as a function of the policy x. My focus is not on
policies (like subsidies, etc) that implement the socially optimal prices, which is the

focus of other articles like Geruso (2016). Instead, I focus on maximizing the welfare

141 discuss below how a particular x can be implemented through standard policies such as a price
ceiling.
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that can be obtain, in equilibrium, through an appropriate CR policy x.

Notice that, since prices increase for one consumer subset and decrease for the
other, CR policy will never result in a Pareto improvement. There will necessarily be
a redistribution from subset A (where price falls) to subset B. However, this process
can result in higher overall consumer surplus.

Let® = g = —m4. The effect of the CR policy x on total welfare has the following

simple expression:

AWV _ - (Qa_Cs
dx 'y wlg)’
Moreover, under the regularity conditions assumed above, it can be shown that wel-

fare is strictly concave in the policy x.
Lemma 1. W () is strictly concave.

The regularity assumptions described above ensure that, in each market, the dead-
weight loss is increasing and convex in price. As y increases, p4 falls and welfare in
subset A increases but at a decreasing rate. Conversely, as pp increases, the marginal
effect on welfare in consumer subset B is increasingly severe. Because W () is con-
cave, the welfare-maximizing CR policy (denoted x) is full PD (x = 0) if and only if
W' (0) < 0. The welfare-maximizing policy is full CR (x = 1) if and only if W’ (1) > 0.
Otherwise, a unique interior policy x exists that maximizes welfare. The remainder
of the analysis presents conditions on primitives for each of these scenarios to be the

case.

Proposition 1 (Full PD ). Full PD maximizes welfare (xy = 0) if
AC!y — ACH < 0,

where quantities are evaluated at the full PD prices p},.

Full PD is optimal when the low-cost consumer subset (B) has more significant
adverse selection (AC"; positive and large) than the high-cost subset (A), at the full
PD prices (p*,p%). To build intuition, suppose AC’; = 0 (no selection in the high-

cost subset) and AC; > 0 (adverse selection in the low-cost subset), as illustrated by



OPTIMAL COMMUNITY RATING 13

AC,c
\ “
I”’
.
L
.
L
§
L
.
/”,’
.
/,’
AC, =c¢, /‘
-
§
L
.
4
// /
”/' 7
.
S
AC, P
I’ [
Ca 1
s i
1
1
’ 1
Sl i P
= & = P
Ps Pp «— p —> Py~ Dy

Figure 2: In this example, PD increases efficiency in both markets, relative to CR.
The high-cost market A has no selection, while the low-cost market B has adverse
selection.

Figure 2. Full PD allows p4 = p’, resulting in full efficiency in set A, because this set
has no selection. Similarly, PD induces pp = p}; < p, which increases welfare in set B
since pj; < p%. Therefore, in this example, PD brings both sets closer to their efficient
outcomes.

Notice the environment illustrated in Figure 2 is much more extreme than the con-
dition required by Proposition 1. In this case, full PD increases efficiency in both
markets, whereas PD will typically increase welfare in one subset and reduce it in
the other. Proposition 1 describes sufficient conditions for the net effect to be pos-
itive at full PD (x = 0). Full PD can be the welfare-maximizing policy when both
consumer subsets feature advantageous selection, or both feature adverse selection.
For instance, when both sets are advantageously selected, full PD is optimal if 0 >
ACY () > AC, (p7).

However, Proposition 1 seems empirically unlikely to hold. As Hendren (2013)
emphasizes, “there is one way to be healthy, but many (unobservable) ways to be

sick.” That is, more significant private information, and thus adverse selection, tends
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to exist among the high-cost individuals, which implies AC'; < AC’,. This pattern is
likely to be present in markets such as life, health, and auto insurance, where risks are
negative outcomes. A similar pattern is described in Brown et al. (2014).

When the high-cost market features a greater adverse selection distortion, the first
unit of CR has a positive value. In that case, some amount of CR is likely to increase
overall welfare, ¥ > 0. To build intuition, suppose no selection exists in the low-cost
consumer subset B, so p;; = cg. Aninfinitesimal increase in x would increase pp and
lower p 4. This rise in pg would not have a first-order effect on welfare in set B, because
that subset is price at marginal cost. However, the drop in p4 would increase welfare
in set A if it were adversely selected: % = Q) —cy) = Q4(ACH — ) < 0.
Therefore, some amount of CR is likely to be optimal. The following result character-

izes the interior optimal CR policy.

Proposition 2 (Optimal CR ). The interior welfare-maximizing CR policy 0 < x < 1

satisfies

o4(pa—ca)=o0p(pB—cB).

The intuition for the expression in Proposition 2 is the following. First, the effect
of a change in price on welfare in each market is ‘32’—;” = @), (pm — cm). Moreover, as
X — 1, (policy increases toward full CR), it is as if each consumer subset’s average
cost curve AC,,, converges to the market-wide average cost curve.'® This shift will be
large if m is a small share of the overall market, and vice versa. For this reason, the
change in p,, is proportional to Q%n Then, the definition o,,, = _% yields the result.

As the CR policy x increases, p4 falls and pp rises. If both markets feature adverse
selection, the selection distortion is reduced in A but is exacerbated in B. The optimal
amount of PD occurs when the value of the marginal distortion of the two sets is equal.

As mentioned above, it is empirically common that AC’; > AC';, so some amount
of CR is typically welfare increasing. Constraining price differences across sets is

worthwhile because the welfare loss is increasing and convex in the price distortion. If

subset A has a larger price distortion, the reduction in p4 induced by CR will achieve

QAACA+QBACE

15 . .
The market-wide average cost is Oatos
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a large welfare gain relative to the welfare loss caused by the accompanying rise in
pp. However, as market A approaches its efficient price, the marginal effect of an
additional price correction becomes small. Simultaneously, the marginal welfare loss
from the increase in pp grows large. For this reason, an interior point x typically exists
at which the market as a whole no longer benefits from additional CR.

Intuitively, an increase in the semi-elasticity of the high-cost market (0 4) leads to
an increase in the optimal policy x because welfare becomes more sensitive to price
in the market where price is falling (A). Conversely, an increase in oz implies welfare
becomes more sensitive to price in the market where price is rising. Therefore, the
cost of CR increases, so ¥ decreases.'’

It is possible that the benefit of reducing p4 is larger than the cost of increase pp,
even at Y = 1. This can occur if the adverse selection distortion in subset A is much
larger than in subset B. Alternatively, full CR can be optimal if the changes in prices
induced by CR are relatively small, which occurs when the costs in the two markets

are very similar. This intuition is formalized in the following result.

Proposition 3 ((Full CR) ). Full CR maximizes welfare (y = 1) if

OBp- +0An
—2Qs T 204 (A0, — ACE) < AC), — AC), 3)

o5 Taa

0<

where all quantities are evaluated at p.

Recall that y = 0 when AC’; — AC; < 0 (at full PD prices). For x = 1, I require
not only that 0 < AC’; — AC’; (at p), but that this term must be sufficiently large.
The term AC’y — AC; captures the benefit of CR. When 0 < AC’; — AC;, lowering
pa implies a large welfare gain if subset A has a larger adverse selection distortion.
CR simultaneously increases pp, but this implies a small welfare loss if set B has little
adverse selection.'”

However, under the regularity conditions assumed above, the marginal benefit of

CR is decreasing in subset A and increasing in subset B. If there are large differences

16 Appendix B2 includes a proof of this result for the case where o, is fixed.
ndeed, if AC% < 0 (advantageous selection in set B), the rise in pp would result in an increase
in efficiency in set B.
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in the level of cost between subsets A and B, then CR will induce large changes in
the price. Then, it is more likely that the unit of CR (x = 1) has a small marginal gain
in subset A and a large marginal loss in subset B. Therefore, when markets differ
significantly in the level of their costs, full CR is only the welfare maximizing policy
if AC"y — ACY; is sufficiently large. Moreover, when demands are elastic (o, large),
welfare decreases rapidly in market B as pp rises, so the last unit of CR is more likely
toinduce a large welfare loss in market B and a small gain in market A. In sum, if costs
differ significantly across markets, then CR is a powerful tool so full CR is likely to
excessively constrain prices but some amount of CR can still increase welfare relative
to full PD.

The following corollary is illustrative. Suppose that o4 (p) = op(p) = o (p) at
every p, as assumed in Chen and Schwartz (2013). Then, full CR is optimal if ¢4 < ¢p.
Since AC4 > ACp, full CR is only optimal if the marginal and average cost in each of
the two markets are on opposite sides of the price p. Figure 3 illustrates this scenario.
In this case, AC’y > 0 > AC; and, moreover, the level of cost is similar at p. Such
a scenario is extreme but simple to visualize, because CR increases efficiency in both
sets relative to PD.

In general, CR increases welfare in one market and reduces it in the other. Full
CR can be the welfare-maximizing policy when both consumer subsets are adversely
selected, both are advantageously selected, or any combination. Thatis, the condition
described by Proposition 3 is much less extreme than the environment described in
Figure 3.

In Appendix B24 presents an extension of the baseline model to the case where a
signal partitions consumers into multiple subsets. All intuitions extend to that model
in a straightforward way. In this setting, there are multiple “high-cost” consumers
subsets (where prices falls under full CR), and similarly multiple “low-cost” subsets
(where prices rise under full CR). The conditions for the optimality of full PD and full
CR are more restrictive in this case. For instance, full PD is the welfare maximizing
policy when, at full PD, all low-cost markets have a higher slope of their average
cost than any high-cost market. The optimal interior CR policy equates the benefit
of additional CR in all high-cost markets, to the cost of additional CR in all low-cost
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«— P —p,

p

Figure 3: In this (extreme) example, CR increases efficiency in both markets, relative
to PD. The high-cost market has adverse selection, while the low-cost market has
advantageous selection

markets.

24  Implementation

To implemented a given value of x, the regulator could directly choose the price pp,
a floor on pp, pa, or a ceiling on p4. The regulator could choose the maximum price
difference between the two prices (p4, pp) or impose a price per unit of the price dif-
ference ps — pp.

The CR policy x effectively parameterized a path between full PD and full CR.
There are multiple possible parameterizations, other than the one described by Equa-
tion 2. In the baseline model (one product and two consumer sets), any one-dimensional
parameterization that induces monotonic paths for pp yields the same results. Be-
cause 7, > 0, for each value of pp, the value of 7p is uniquely determined. Then, by
Equation 1, the values of 74, p4 are also uniquely pinned down. Therefore, all such
parameterizations are equivalent.

In general, a one-dimensional policy involves some loss of generality. If multiple
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sets exist, the path of price for one consumer set does not entirely pin down the paths

of profit for the other sets.

25 Extension to Two products

I extend the analysis to a market with two products and mandatory purchase, thereby
considering a setting more similar to that of UK annuities. The model setup is similar
to that of Handel et al. (2015). I present here the main intuition for the results, and
defer the details to Appendix B25.

I begin by describing a given consumer set (thus omitting the subscript m, which
will capture consumer subsets). In this setting, firms offer two products, indexed
by k € {H,L}.'"® Firms compete in prices. The price for H and L are py and py,
respectively. The difference in prices between the two products is Ap = py — pr.

Consumers must purchase one of the two products. Let u capture WTP for H
over L, so a consumer buys H when u > Ap, and buys L otherwise. Let u have
smooth PDF f (u). The demands for the two products are linked. If demand for H
isQy = Q(Ap) = fg‘p f (u) du, then demand for Lis Q; = 1 — Q (Ap). I define the
semi-elasticities cg = —% > 0and oy, = —% > 0.

The cost of those with WTP w in contracts H and L is ¢y (u) and ¢f, (u), respec-
tively. I assume H is more costly for any individual: ¢y (v) > ¢r, (v),Vou. That is, one
can think of H as a “comprehensive product” and L as a “bare-bones product.” Let
Ac(Ap) =cg — cr.

The average cost of all individuals that choose products H and L is ACy (Ap) =
Ecy | u> Ap]and ACL, = Ecr, | u < Ap], respectively. I define the difference in the
average costs between the two products as AAC = ACy — ACY.

Industry profit in contract k is 7, (p,pr) = Qr (Ap) [px — ACk (Ap)] . Welfare
is W (Ap) = | X; (u— Ac(u)) f (u) du. The welfare maximizing Ap satisfies Ap*™ =
Ac (Ap*™).

I assume free entry of firms into each contract. Therefore, equilibrium requires

18For instance, L can be a baseline insurance plan and H a comprehensive plan.



OPTIMAL COMMUNITY RATING 19

that each contract k break even:

mu (P, 1) = 7L (P, p1) = 0.

Equivalently, p}; = ACy (Ap*) and p3 = ACL (Ap*), implying Ap* = AAC (Ap*)."?

Since u captures WTP for product H, then product H is adversely selected if ¢, (u) >
0,Vk. That is, those with higher WTP for H are particularly costly in either contract.
From Weyl and Veiga (2016), adverse selection implies that AAC (Ap) > Ac(Ap).
Therefore, if product H is adversely selected, Ap* > Ap**. Notice that adverse selec-
tion into H implies that marginal buyers of L are more costly than the average buyer
of L. Therefore, adverse selection into H can equivalently be described as as advan-
tageous selection into L. Ultimately, the result is that “too few” individuals buy H,
and “too many” buy L.

It is worth emphasizing the analogies of this model to the baseline model. In the
baseline model, individuals faced a binary choice between two “products,” namely
“buy” and “not buy.” The value, price and cost of “not buy” were fixed at zero. Prod-
uct “buy” was adversely selected when its infra-marginal buyers were costlier than
its marginal buyers. If “buy” was adversely selected, its price relative to “not buy”
was higher than what it would be under symmetric information, so “too few” people
chose “buy,” and too many people chose “not buy.”

In the setting with two products, individuals make a binary choice between H
and L. The value, price and cost of L are not zero. Product H is adversely selected
when its infra-marginal buyers are costlier than its marginal buyers. If H is adversely
selected, its price relative to L is higher than under symmetric information, so “too
few” people chose H and too many people chose L. In this case, the infra-marginal
buyers of L are less costly than its marginal buyers.

I now turn to the matter of CR in this setting. Suppose that a given signals parti-

tions consumers into the subsets m € {4, B}. The full PD equilibrium requires that

19Tn this model, a pure-strategies Nash equilibrium does not necessarily exist. However, Handel et
al. (2015) show that a unique Riley (1979) equilibrium always exists.
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the four prices (p}; 4, P1 APk 5, PLg) Satisfy

THA (P?{AapzA) =TLA (p;IA’pEA) =THB (P?{BaPEB) =TLB (P?{BaPEB) =0.

At the full CR equilibrium, each product (H, L) breaks even across the two con-
sumer subsets A, B. The full CR equilibrium requires that the prices py, p, satisfy

TuA (PH,DL) + THB (PH.DL) = LA (PH,PL) + 7B (PH, PL) = 0.

Let Ap¥, = pin—P5m and Ap = py—pr,. lassume that A is the high-cost consumer
subset in the sense that the relative price falls in market A under full CR, relative to full
PD. That is, Ap*, > Ap. Similarly, I assume that B is the low-cost subset: Apy < Ap.

I consider a CR policy x € [0,1]. For each market m and good &, the path of both

prices in market m, prm (X) , PLm (X), are defined by

Tem (PHm (X) s PLm (X)) THm
=X ) (4)

TLm (PHm (X) » PLm (X)) TLm

where 7 7., 7L, are the levels of profitin market m under full CR. Notice that —7j4 =
mgg = g and —wLA = T = 7.

Appendix B2 shows that this system is globally invertible. That is, for any pair
of profits (X7 fm, X7Lm), there is a unique pair of prices (pgm (X) , PLm (X)) such that
Equation 4 is satisfied. The proof requires showing that the Jacobian of the left hand
side of Equation 4 is everywhere non-vanishing. Invertibility then follows by the
Hadamard-Caccioppoli Theorem. Assuming concavity of welfare in x yields the fol-

lowing results.

Proposition 4 (Full PD (2) ). With two products, full PD is optimal (y = 0) if Qp >
Qa, and

AACY (Aph) — AACE (App) <0,

where all quantities are evaluated at the full PD prices pr,.
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This condition requires that adverse selection into product H is less significant
among the high-cost subset of consumers (A) than among B. In this setting, adverse
selection of contract H relative to contract L in subset m is captured by AAC" > 0.

However, ¥ = 0 requires the additional assumption that, greater share of individ-
uals in subset B purchase product H (Q% > @Q%). Intuitively, this condition is satisfied
when individuals in market B have derive a greater surplus from the comprehensive
product H than individuals in A. The intuition for this condition is that CR would

increase the price App reducing this surplus.

Proposition 5 (Full CR (2) ). With two products, the interior optimal CR policy X

satisfies

oup (P —cup)+ oL (prp —cLp) =1  oma(pua —cra) +opa(pra—cpa)—1

XB Xa ’

where

Qim_l_Qm

The optimal policy equates the marginal distortion on markets A and B. In each

Xm:Qm|:ﬂ-H i :|

market, the condition considers the distortion in each product’s price, weighted by
the semi-elasticity of that product’s demand, which reflects how sensitive welfare is
to a change in that product’s price. Moreover, the marginal distortion in each market
is weighted by ﬁ, which is increasing in @,,,. That is, a market m with a greater
surplus from purchasing H will have a larger @,,, and therefore the price distortion in
that market will be weighted more heavily. Notice that when 7, = 0, X4 = Xp = 7y
and o4 = orp = 0, I recover Proposition 2. For brevity, I present and describe the
conditions under which full CR is optimal (Y = 1) in Appendix B25.

Appendix D presents a calibration of the welfare results of the model above, based
on the obtained by Handel et al. (2015) in the context of employer-provided health
insurance. Like the empirical application below, the results suggest that CR policy

can significantly reduce the deadweight loss caused by selection.
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3  Context and Data

The theoretical predictions described above show that CR policy (i.e., restricting the
contractibility of a given signal) can increase consumer surplus. However, the optimal
price constraint and the welfare gain it induces are ultimately empirical questions. To
illustrate the potential benefit of CR, I consider the effect of age- and gender-based CR
policies in the context of UK annuities. I begin by describing the setting and the data.
Then I will introduce a structural model of annuity choice. I describe my estimation
procedure including the sources of identifying variation. Finally, I use the estimates

to simulate the welfare effects of age-based and gender-based CR in this context.

31 Annuities in the UK

Annuities guarantee the buyer an income while she lives, thereby providing insur-
ance against poverty in old age. Until 2015, the UK had a semi-compulsory annuity
market. About 20% of individuals were mandated to make mandatory tax-preferred
contributions, throughout their working lives, from their wages into a pension fund.?’
I will denote the amount in this pension fund, at retirement, by ¢. Upon retirement,
this fund had to be used to purchase an annuity from a menu of possible contracts,
described below.?! In 2013, 353K annuities were sold in the UK, worth a total of about
£12bn.??

The compulsory annuitization scheme is known to individuals during their work-
ing life, although the choice of annuity contract occurs only once an individual retires.
Annuity rates vary over time, so the rates offered to each individual are only observed
at the time of retirement. During this period, the typical retirement age for men was
65, and for women was 60.

The market is quite competitive. In 2013, 14 providers offered annuities. UK reg-

ulation authorities have made promoting competition in the annuities market a pri-

29The share of individuals making in “defined contribution” pension schemes in 2013 was about 20%
(http://tinyurl.com/z5bhbuv).

ndividuals can withdraw 25% of this pension fund without penalty, and virtually all individuals
do so.

22 ABI, The UK Annuity set: Facts and Figures, February 2014, http://tinyurl.com/nto7bvv.
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ority, for instance, by creating online resources that facilitate the comparison between
annuities (see Appendix C3). Individuals are actively encouraged to compare annuity
providers. Annuity rates are similar across different firms, again suggesting a com-
petitive industry. Moreover, based on the life expectancies and rates observed in the
data, firms seem close to breaking even. Using similar data (from an earlier period),

EFS also find observed rates are close to breaking-even levels.

32 Annuity contracts

An annuity prescribes a path of income over time, with payments conditional on the
buyer being alive.”® Annuity contracts are characterized by a rate r € [0,1]. If an
individual with pension fund ¢ obtains an annuity with rate r, her yearly nominal
income from the annuity is y = ¢r. Rates are typically in the region of » € [0.05,0.1],
that is, 5%-10%.%*

In this setting, the main dimension of choice for individuals is the annuity’s guar-
antee period, denoted g¢. If an individual chooses a guarantee of g years, payments
accrue to the buyer of her estate for g years, even if the buyer dies during this period.
Beyond the period of the guarantee, payments are conditional only on the survival of
the annuitant. Longer guarantees g are associated with lower rates r, and thus lower
payments while the individual is alive. Throughout the industry, annuity sellers offer
guarantees of g € {0, 5,10} years.”” I will refer to these contracts as go, g5, g10, and to
their respective rates as ro, 5, r19. The vector of all rates is r = [rg, r'5,710].

Other dimensions of choice exist beyond g but, in practice, very little variation
is present in choice along these dimensions, so I restrict my sample in a way that
abstracts from these additional dimensions. For instance, individuals can choose in-
come profiles that increase over time at a rate of 3% per year, but only about 4% of

individuals chose such a contract. Appendix C1 describes other dimensions of con-

23S8tochastic payments (e.g., linked to a portfolio of investments) and annuities explicitly linked to
inflation are not sold during the period covered by the data. Notice that inflation is not an idiosyncratic
risk and therefore would be particularly costly for insurers to cover.

2AEFS use data from an earlier period, where rates are significantly higher.

2530ome consumers choose intermediate values of guarantee, but they are an extremely small minority,
which I exclude from my sample.
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tract choice that behave in a similar way. A number of additional institutional details
about the UK annuities market can be found in Banks and Emmerson (1999), Murthi
et al. (2000), Finkelstein and Poterba (2002), Finkelstein and Poterba (2004) and Einav
et al. (2010b).%¢

33 Choices and adverse selection

In the empirical model that I use, an individual’s choice over guarantee lengths will
depend on three factors: mortality, bequest motives and rates (r). I will use a pa-
rameter « (described in further detail below) to capture individual mortality. That
is, individuals with high « are less likely to be alive at any given future time. Since
payments accrue while the annuitant is alive (or to the end of the guarantee period),
long-lived individuals (low «) are the most costly buyers of any contract.

Moreover, I will use a parameter (3 to capture the significance on individual be-
quest motives. Individuals with high § derive significant utility from having large
savings, at any given point in time, which they can pass onto their spouse or children
in the event of their death. Since 3 merely captures individual preferences, it does not
directly affect the firm'’s cost.

Individuals with high mortality (high «) and high bequest values (high /) prefer
longer guarantees like ¢g19. These individuals are likely to die relatively young so
a long guarantee significantly affects the payments received by their descendants.
Also, they place a high value on leaving bequests to their descendants. Therefore,
the benefit of a long guarantee is likely to outweigh the smaller rates associated with
contracts such as gig.

Individuals with high longevity (low «)) and low bequest motives (low 3) are likely
to prefer short guarantees like gyg. These individuals do not care significantly about
bequests, and their high longevity means they are unlikely to be affected by guaran-
tees. Therefore, they are attracted by the higher rates of contracts such as go.

First, suppose that o and § are distributed independently. Since, long-lived in-

dividuals (low «) are likely to choose gy, one would expected this contract to be ad-

26For a comparison with the annuities set in the United States, see Mitchell et al. (1999).
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versely selected. The high-cost infra-marginal buyers of gg raises the cost of g thereby
lowering r(. Simultaneously, high-mortality individuals (high «) prefer long guaran-
tees like g19. This lowers the cost of g9 and raises r19. Therefore, gy is likely to be
adversely selected relative to g9, while gy is likely to be advantageously selected
relative to go. If this is the case, relative to a setting with symmetric information, in-
dividual choices are skewed towards g1 and away from gy.

However, suppose that there was a strong negative correlation between « and .
In this case, individuals choosing g9 because of high /5 will tend to be low-mortality
(low «). This raises the cost of g19 and lowers r19. Conversely, individuals choosing
go because of their low 3 will tend to be high-mortality (high «). These individuals
will lower the cost of gy and increase 7. In this case, g;¢ is adversely selected, while
go is advantageously selected. My empirical results suggest that, indeed, o and 3 are
negatively correlated, so equilibrium choices are skewed towards gy and away from

g10, relative to a setting with symmetric information.

34 Observable Covariates

[ use a proprietary dataset obtained from a large UK annuities seller.”” Regarding the
contract, the dataset includes the date or origination, the monthly payment, and the
level of the guarantee. Otherwise, contracts are standardized in the industry.

Regarding individual-specific characteristics, the dataset includes age, gender,
and the size of one’s pension pot (¢). I observe whether the individual used a fi-
nancial advisor to purchase the annuity. I also observe if the individual is “internal”
(pension pot was held at the annuity seller prior to the annuity purchase) or “exter-
nal.” The dataset also includes whether the individual lived (at the time of purchase)
in a post code with high, medium, or low longevity.

Importantly, the data include the firm’s estimate of each consumer’s life expectancy,
which I will therefore treat as observable. The firm computes this expectation us-

ing all the data it collects, including contractible and non-contractible information.

2"The dataset is at the contract, not individual, level. However, individuals obtain better rates when
they annuitize larger pots (larger¢), so no incentive exists to split one’s pension fund into multiple
contracts.
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However, firms cannot price discriminate directly on the estimated life expectancy. I
discuss in detail the variables on which firms were allowed to price discriminate, in

Section 39 below.2®

35 Sample restrictions

I focus on contracts originated between July 2006 and June 2008. Restricting the
dataset to this short window limits the impact of changing macro-economics vari-
ables such as interest rates and inflation expectations.”’ The period of the sample is
one of relative stability in terms of long-term interest rates, which are the major macro-
economic determinants of annuity rates (Appendix C1). This restriction also allows
me to focus on a period during which there were no regulatory changes to the indus-
try. Moreover, the restriction mitigates concerns regarding changing demographics
over time.*" After June 2008, the firm changed its pricing formula in a way that makes
the empirical analysis below unfeasible.*!

I focus on individuals purchasing annuities at ages 60 and 65. This subset includes
the vast majority of individuals, because female and male retirement ages are 60 and
65, respectively. In particular, I will consider four distinct subsets of individuals: Men
65, Women 65, Men 60, and Women 60. My empirical analysis will consider each of

these subsets independently.

36 Summary Statistics

Below are summary statistics for each of the four age-gender subsets I consider.

281 also observe whether each individual has died or not by March 2015. However, I do not use this
information directly, and instead use the firm’s estimate of individual life expectancy.

29 Annuities are backed largely by UK government bonds, and therefore the yields on these bonds
capture the cost for the insurer. When government bond yields rise, annuity payments also tend to
rise.

39For instance, a modest spike occurs in the number of retirees in 2011, corresponding to the baby
boomers born in 1946-47 following World War II.

31Effectively, the firm began price discriminating against consumers based on several other covariates
that are not perfectly captured in the data. Therefore, after this time period, imputing non-observed
prices (Section 39) becomes impossible.
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Table 1: Summary Statistics by Group

Men 65 Women 65 Men 60 Women 60

Garantee 10-yrs 0.181 0.184 0.198 0.224
Garantee 5-yrs 0.703 0.614 0.680 0.623
Internal 0.824 0.460 0.714 0.485
Life Expectancy 23.58 26.14 28.64 31.14
Fund (1000s) 14.31 19.73 17.04 19.87
Financial Advisor  0.382 0.712 0.451 0.641
Postcode High 0.295 0.498 0.371 0.423
Postcode Med 0.359 0.296 0.362 0.344
Observations 3679 830 1733 4857

The entire sample consist of just over 11,000 individuals. The two largest sets are
Men-65 and Women-60, given the ages of retirement in the UK. Across all subsets,
approximately 65% of individuals choose a 5-year guarantee (g5), with the remaining
consumers fairly evenly split between g and gio. This pattern seems to suggest an
increase in preference heterogeneity relative to the data used in EFS, where only about
3% of individuals chose gj9. The average size of the pension pot (¢) is about £15K.
Life expectancy is predictably higher for women and for 60-year-olds. Appendix C1

includes additional descriptions of the data.

37 Representativeness

The population that purchases annuities is not representative of the UK overall. An-
nuitants are richer and live longer than non-annuitants (Banks and Emmerson (1999)).
For instance, life expectancy for 65-year-old males in the UK is 18.6 years, but 23 years
for annuity buyers.

However, individuals in the the data seem representative of the population of UK
workers for whom annuity purchase is mandatory. For instance, Banks and Emmer-

son (1999) find that among compulsory annuity buyers, the median pension pot was
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about £20,000, which is is approximately true in my data as well. Einav et al. (2010b)
find the average age of annuitization is 62, and about 5% of individuals choose a con-
tract with payments increasing over time, which is also true in the data I use. My
sample also seems similar to the individuals considered in other studies of the UK
annuities market, namely, Murthi et al. (1999); Finkelstein and Poterba (2002); Einav
et al. (2010b).

Because I use data from a single firm, my analysis assumes that buyers of this firm
are representative of the market overall. That is, I continue to assume a symmetric
equilibrium, as in the theoretical model of Section 2.

The firm is also representative of the industry. For instance, all firms offer the same
menu of guarantees (0, 5, and 10 years). Moreover, the pricing formula the firm uses
(which I describe in detail below) is typical of the industry overall in the relevant time

period.

38 Mortality

A crucial element of my analysis is the firm’s estimate of each individual’s life ex-
pectancy.®? Figure 4 shows this measure is a good predictor of mortality rates in the
data (which I observe but do not use in estimation). For instance, among Men 65, the
share of individuals who died before 2015 is monotonically decreasing in the firm’s

prediction of life expectancy, as expected.*’

39 Annuity Rates

During the period covered in the data, annuity rates depend on the individual’s gen-
der, age, pension fund size ¢, and guarantee g. Rates do not depend on any other
individual-level characteristics, as illustrated in Figure 16. Moreover, annuity rates

do vary over time (with interest rates, etc).

32The dataset also includes each individual’s date of death. In principle, I can use the data to
estimate the mortality parameters of individuals in the population, but in practice, the dataset is too
recent to obtain reasonable estimates, because a small share of the sample has died.

33Tt is not possible to directly compare predicted longevity with true longevity, since the only
observed death times are those that (stochastically) occurred particularly early. Life expectancy is
a significant predictor of mortality hazard (and has the expected effect) in a Cox semi-parametric
duration model (results available upon request).
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Share who died and Life Expectancy (Men 65)
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Figure 4: Among Men 65, the share of individuals who died before 2015 is monotoni-
cally decreasing in the firm’s prediction of life expectancy.

I observe the rate each buyer obtains on the contract she chooses, but not on the
other contracts she could have chosen,so I impute these missing data. The firm fol-
lows a deterministic (but unobserved to the econometrician) rule for the rates offered
to each consumer. This rule is of the type 7, = r, (¢, 7), where g indexes guarantee
levels (g = {0, 5,10}), ¢ is the size of the individual’s pension pot, and 7 indexes time
periods (months). **

I estimate the rate offered for contract g to individual ¢ with fund ¢; in month 7 as

Tgir = Tg) (¢l) +FE; + €git)
where rg’ (¢) is an arbitrary continuous function of the fund size ¢ and F E; is a month
7 fixed effect. That is, I assume a baseline relationship rg) (¢) exists that has a fixed
shape, but the level of rates can change over time through the time fixed effects. For-

mally, this assumptions corresponds to g;?é; — 0. T estimate r{ (-) non-parametrically.

Figure 17 shows the results of this exercise for Men 65. For additional details, see Ap-
pendix C13.

34Rates are quite stable over time, and I assume they are constant within each period of observation
(one month). Therefore, I ignore the issues of selection due to missing prices emphasized by Erdem
et al. (1998) and others. If rates varied significantly within a month, individuals choosing a given
contract might have been doing so because they retired at a point when the rates offered for that
contract were relatively high.
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4 Contract Choice Model

41 Value of guarantee g

In this section, I model the value of a given annuity contract. I will consider an in-
dividual that is rational, forward looking, risk-averse and perfectly informed of her
preferences and mortality.

Let time periods (in years) be indexed by ¢t € {1,2,...,T} with T = 65.> Sup-
pose that the individual retires at ¢ = 1 and lives, at most, until ¢ = 7. For a given

individual 4, the value of an annuity with guarantee g is V;; defined by

T T+1
Vyi = gl?u}f; 6 Spiu; (cr) + ; 8" Hyjv; (wy + GY)

subject to : w1 = R (we +yr — ¢1) -

The discount rate is 0 € (0, 1) and the interest rate is R > 1. In period ¢, consumption
is ¢; and remaining wealth (before the annuity payment) is w;. The annuity payment
in this period is y; = ¢r as described above. The value Vj is determined assuming
the path of ¢, w; is chosen optimally to maximize lifetime utility. For individual ¢,
the probability of surviving up to period ¢ is Sy;, and the probability of dying during
period ¢ (the hazard rate) is Hy;, described further below.

If the individual is alive in period ¢, she obtains utility from consumption u; (¢;).
If she dies during period ¢, she obtains utility from leaving a bequest in the amount

wy + GY, where

T=g
Gl =
T=t
is the present value of the annuity payments up to the length of the guarantee g. The
utility from bequests is determined by the function v; (w; + G7). Both utilities can

depend on individual-level preferences, hence the subscript i.

35The results are robust to the choice of T'. This is not surprising since, at ¢t = T, every individual’s
survival probability is extremely small.
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This specification involves a number of assumptions. First, I assume that the in-
dividual’s timing of retirement, as well as her labor supply and savings at retirement
(wy), are exogenous to the choice of annuity contract. I also assume that ¢ is exoge-
nous to the guarantee choice, which seems plausible since ¢ is the result of a lifetime
of contributions.

I assume that individuals do not adjust their wealth portfolios in response to their
choice of guarantee. For instance, individuals could plausibly hedge the risk of choos-
ing go by investing a share of their remaining wealth into life insurance. These effects
should be mild if the life insurance industry features the same adverse selection dis-
tortions as the annuities industry, or if there are significant transaction costs.

Third, I assume no moral hazard. That is, the survival process S;, H, are indepen-
dent of the chosen path of ¢; and of the contract g. The assumption of no moral hazard
is common in annuity settings, where it is arguably less heroic than in contexts like

health insurance.?¢

42 Parameterization of mortality

I follow Yaari (1965) and the vast majority of the literature in modeling mortality risk
as a non-stochastic discounting of each period.*” I assume that S;; follows a propor-
tional hazard process (namely Gompertz) at the individual level.*® From the perspec-
tive of ¢ = 1, an individual of mortality type «; has a probability of being alive at time
t <T of

Sy =S (t| ;) =exp {% (1 - e)‘tﬂ .

Att = 1, each individual’s survival probability is close to 1, but it decreases at a
rate which depends on « and \. The parameter «; captures mortality, with higher «

lowering the level of S (¢ | ) at every ¢t < T. The parameter X affects how quickly

36However, Philipson and Becker (1998) argues that the presence of an annuity does tend to increase
one’s life expectancy.

37 As Bommier (2006) emphasizes, this effectively assumes individuals are risk averse with respect
to their death times.

38Typically, the Gompertz survival probabilities are assumed to hold at the population level. The
Gompertz process is widely used to describe adult mortality in developed countries (Tabeau et al.
(2001); Horiuchi and Coale (1982)).
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Survival Functions, A=0.11 Survival Functions, a=0.002 Hazard H
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Figure 5: On the left, Gompertz survival curves for different values of life expectancy
(LE), for fixed A. On the right, an illustration of of Hazard probabilities H; for different
values of a.

the risk of dying increases over time, thereby determining the slope of Sy;. A higher
value of A implies that S;; falls more steeply. All individuals necessarily die att = T,
so Sty1 = 0.

I will assume that «; is observable. Each consumer’s life expectancy (LE) is ob-
served in the data. LEat ¢ = 1is LE = [[° S (z | @) dz. Assuming knowledge of ), it
is straightforward to compute the value of ; corresponding to any LE.*

Conditional on reaching period ¢, the probability of dying in period ¢ is hy; =
S%- (Sti — St+1,i) € [0,1]. The (unconditional) probability that the individual ¢ dies
exactly in period period t is Hy; = Si—1ih¢;. Since the individual must die in one of
the periods, Y, Hy; = 1. Figure 5 illustrates the effect of ; on the Gompertz survival

function S; and hazard function Hy;.

43 Parameterization of utility
I assume utility from consumption is CRRA:

ct=

u; (¢) = u(e) ,

39The ability to take these costs as observable means that my estimation procedures focuses on
preferences, as in Handel (2013) and HHW.
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where ¢ is consumption in a given time period(year), and 1/7 is the inter-temporal
substitution of consumption.*’ Moreover, I assume that utility from bequests is also

CRRA:
w7

1—7’

v; (w) = B

where (; measures the intensity of individual i's bequest motives.

There are several reasons why individuals can value bequests. For instance, sim-
pleinter-generational altruism, “warm glow” giving (Andreoni (1989)) or regrets (Braun
and Muermann (2004)). I remain agnostic as to the precise origin of these bequest mo-
tives.

The assumption that v (-) and u (-) share the same risk aversion parameter +y is not
withoutloss of generality. However, it is common in the literature (Einav et al. (2010b);
Kotlikoff and Spivak (1981); Mitchell et al. (1999); Davidoff et al. (2005); Lockwood
(2012)) because it simplifies the estimation in two important ways.41 First, it allows
the individual’s optimal savings problem to be solved numerically in a fast and precise
way (Appendix C2). Second, this assumption implies that preferences are homothetic
so the choice over of g is invariant to initial wealth (which is not observed in the data).

The fact that individual choices depends only on (r,«a, 3) necessarily assumes
away a number of possible alternative explanations. An alternative specification could,
for instance, calibrate a homogeneous value of 5 and estimate the distribution of the
CRRA parameter ;. However, it seems natural to link the choice of the guarantee
g to bequest motives. Moreover, to the extent that both v and /5 are heterogeneous,
it seems reasonable to calibrate ~ since there is a larger literature estimating this pa-
rameter. Alternatively, it is possible that the choice over g is driven primarily by the
composition of each individual’s savings portfolio. However, this heterogeneity is
not observable in my data.

Figure 6 illustrates the decisions of consumers over g, as a function of «, 3, for a

49There are no stochastic shocks in this model and therefore individuals do not have a precautionary
savings motive. Therefore, the role of 7 is to capture inter-temporal elasticity of substitution, rather
than risk aversion. The distinction between the two (emphasized by Epstein and Zin (1989)) does not
play a role here.

41 An exception is Kopczuk and Lupton (2007) where bequest motives are linear rather than CRRA.
This induces significantly different consumption paths for consumers, where consumption remains
everywhere below a “satiation” point.
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Figure 6: Decisions of consumers, as a function of «, 3, for a fixed vector r correspond-
ing to the average rates among Men 65. Individual with higher mortality « or higher
bequest motives 8 chose higher guarantee lengths.

fixed vector 7.

44  Calibrated parameters

There exists a long literature estimating the CRRA parameter +. The estimated value
varies between about 3 and 1. A value of v = 3 is frequently used in simulations of
lifetime consumption paths (e.g., Davis et al. (2006); Scholz et al. (2006)). However,
other articles have estimated v closer to one (Laibson et al. (1998)) especially among
the elderly (Hurd (1989)). Since I focus on an older population, I assume v = 2 in my
main specification and report below a sensitivity analysis on this parameter.

I assume that total non-annuitized wealth w is proportional to annuitized wealth.
In particular, I follow the survey by Banks et al. (2005) in assuming w; = 4¢.*? That s,
beyond the annuitized amount ¢, individuals have additional savings in the amount
4¢, so that individuals annuitize approximately 20% of their total wealth.

I follow Einav et al. (2010b) in calibrating R using the average, over the sample

period, of the inflation-indexed zero-coupon 10-year Bank of England bond (approx-

42Banks et al. (2005) report that, for individuals with compulsory annuitization, approximately 20%
of income comes from the compulsory annuity.
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imately 3, 13%).%3 Therefore, I calibrate R = 1.0313 and § = %.

I use present values throughout to account for the effect of inflation. During the
period of the sample, inflation was on average 2,31% per year. It is assumed that
individuals acts as if this level of inflation was going to remain constant into the fu-
ture. Inflation rates have been quite stable in the UK in recent years, and the Bank of
England has an explicit mandate to target a level of inflation of 2% per year.

I calibrate A = 0.11 for all consumers. A large literature, summarized in Levy and
Levin (2014) has found this value to be approximately A = 0.1.** T use A = 0.11 since
this is the value estimated by Einav et al. (2010b) in the context of UK annuities. In
theory, it is possible to estimate A since I observe mortality data. However, because

the data is quite recent, there are too few deaths in the data to reliably estimate \.

45 Heterogeneity

Each individual 7 is characterized by the the observable vector

0; = (¢i, i, FA;, INT;, Pcodep;, Pcode ;) -

¢i is the size of the individual’s pension fund. «; is the individual’s mortality, calcu-
lated using her life expectancy (LE). I’ 4; is an indicator for whether the purchased was
mediated through a financial advisor. INT; (“internal”) is an indicator for whether
the individual had her pension fund with the insurer prior to purchasing the annuity.
Pcodey is an indicator for whether the individual belongs to a post-code in the top
third of average longevities, and Pcode), is the analogous indicator for the middle
third (the excluded category are post-codes in the bottom third of longevities).

The only heterogeneity unobserved to the econometrician is 3;. I assume that j;
follows a log-normal distribution within each gender-age set. I allow the mean of this

distribution to depend on observable characteristics, including «;. Formally, I assume

log (8) ~ N (B 9) ,ag) with

“3Information on UK government bond rates is available at
http://www.bankofengland.co.uk /boeapps/iadb/.

“4The authors state ”[T]he estimate of the Gompertz parameter in most analyses of human mortality
data using the pure Gompertz model is about 0.10” (Section 5.1).


http://www.bankofengland.co.uk/boeapps/iadb/
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B(0) = Po+Bylog(¢)+ Balog () + BraFA+ ...
oo + BINTINT + Bpeoderr Pecoderr 4 Bpeodens Pcode .

The assumption of log-normality is imposes that the bequest motives /3 are weakly
positive, as is intuitive in this setting. The assumption is common in the literature
(EES).

The parameters being estimated are <a§, Bo, Bas Bes BrA, BINT, BPcodeH s BPcode M) .
To make the model maximally flexible, I estimate these parameters for each gender-

age subset independently.

5 Estimation and Results

51 Likelihood

For individual i with type 6;, the bequest motive /3 is drawn from the log-normal
distribution with PDF fz (3 | 6;, ©). The probability of consumer i choosing contract

gis

Py = /ﬁl{vg >V g £ o'} £5 (3] 6:,0) dB.

I approximate the integral over § using Gaussian quadrature. I use a Logit-smoothed
Accept-Reject estimator, as described in Train (2009, p.121). Therefore, I approximate

P;, using

exp (sVy)
B Zj €xXp (gVJ)

As ¢ — 0, the integrand approaches 3 (each product g is chosen with equal probabil-

Py~ f5(86:,0)dp.

ity). As¢ — oo, the integrand approaches the indicator function I {V, > V,/,Vg # ¢'}.
The typical value of Vj, is of the order of 1073, and I take ¢ = 10%.%° The contribution

45 All resulting choice probabilities are close to zero or unity. The results are robust to different
values of ¢.
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of individual 7 choosing contract g to the log-likelihood (LL) is log (P;g) -

To maximize the log-likelihood, I follow a three-step procedure that attempts to
makes the maximization robust to multiple starting points and locally maxima. First,
I evaluate the LL on a grid of 20.000 drawn from a uniform distribution on a large
hyper-rectangle of the parameter space. Second, I use the resulting 200 points with
the largest value of the LL as the starting values for a gradient-based maximization of
the LL, but restrict the procedure to 150 evaluations of the LL. Then, I use the resulting
50 points with the highest value of the LL as the starting values for a full gradient-

based maximization of the LL.

52  Identification

The model is identified by the variation in individual choices over the three contract
options, and how these correlate with observables such as «, ¢, and so on. Intuitively,
similar market shares in all three contacts would indicate large values of o3. On the
other hand, a higher market share in g5 and g9 would indicate a high value of 3.
For identification, I also rely on the variation in rates offered to individuals of dif-
ferent fund sizes ¢. Fund size does not affect the guarantee choice under the assump-
tion of CRRA instantaneous utility, and therefore this variation is exogenous given
the models” assumptions. That is, under CRRA, two individuals who differ in ¢ but
have the same («, 3, ) would choose the g. However, individuals do obtain different
rates based on ¢, so the variation in rates is exogenous given the model’s assumption.

Although this variation is useful, it relies heavily on the model’s structure.

53 Estimates

Table 2 contains the estimates corresponding to the preferred specification. The re-

sults suggest a significant dispersion exists in the value of § within each subset of

46 A better source of price variation would be an exogenous change in contracts over time, assuming
the population of individuals retiring in a given month is drawn from the same distribution. Although
such variation is present in the data, it cannot plausibly be considered exogenous, because it is likely
caused by changes in interest rates, which can also affect demand. Several studies use variation over
time in the prices a given individual faces, if prices depend on insurance events (Israel (2004); Abbring
et al. (2003)). Instead, I am using variation across consumers, within a cross section.
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Men-65 Women-65 Men-60 Women-60
log(og) | -1.111  (0.006) -0.569 (0.011) -0.655 (0.007) -0.857 (0.019)
Bo -10.996 (0.130) -6.882 (0.316) -17.271 (0.210) -6.190 (0.123)
B 0.702  (0.005) 0.021 (0.015) 0.706  (0.007) 0.181 (0.018)
Ba -2.046  (0.052) -2.229 (0.126) -3.171 (0.028) -1.777 (0.035)
Bra 0.019  (0.008) 0.135 (0.037) 0.023 (0.012) 0.107 (0.016)
BINT 0.031  (0.011) 0.591 (0.038) 0.011 (0.013) 0.063 (0.014)
Bpreoders | 0.063  (0.012) 0.020 (0.018) -0.067 (0.014) 0.045 (0.016)
Bpreoderr | 0.020  (0.012) -0.003 (0.027) -0.050 (0.013) 0.041 (0.015)

Table 2: Point estimates and standard errors for the preferred specification, for each
age-gender set.

consumers. Moreover, the variance of 3 differs significantly across consumer subsets,
which is in accordance with much of the recent literature (Lockwood (2014); Kopczuk
and Lupton (2007)). The findings also suggest private information about both costs
and preferences are important determinants of choice, as highlighted by Finkelstein
and McGarry (2006); Fang et al. (2008); Cohen and Einav (2007).

For all subsets of consumers, 3, < 0, suggesting a negative relationship between
bequest motives § and mortality . As discussed above, this pattern makes it likely
that, relative to a setting with symmetric information, equilibrium choices are skewed
toward gy and away from g;o. This pattern is the opposite of the one found in EFS,
where § and a were found to have a positive correlation. Figure 7 present a histogram

and several moments of the estimated joint distribution of («, 3) for Men 65.

6 Counterfactuals

In the annuities context, the welfare-maximizing outcome is not obvious.*” EFS find,

empirically, that under symmetric information all individuals would choose g1, but

4"For instance, in a standard insurance setting without moral hazard, full insurance for all individuals
is the welfare-maximizing allocation.
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Figure 7: A histogram, and several moments, of the estimated joint distribution of
(o, B) for Men 65. p,p captures the correlation between o and f.

I find this not to be the case in my setting.

My measure of welfare is the amount that each individual would be willing to pay
for her preferred annuity contract, as in the theoretical model of Section 2. I denote
this amount by the “wealth equivalent” W E; (r).*® That is, individual i is indifferent
between obtaining her preferred annuity at the given equilibrium rates r or obtaining
no annuity and increasing her non-annuitized initial wealth w; by W E; (r), and then
consuming optimally throughout her life. For concreteness I will present changes in
WE as a fraction of annuitized wealth (¢), since the total annuitized wealth in this
market is know to be about £12bn (in 2013).

Since the annuities market features mandatory purchase, it is possible that WE
is less than the annuitized wealth ¢. When this is the case, the individual would be
better off if she was not forced to purchase an annuity. The estimates suggest that
this is the case for some individuals, especially those with low longevity (high «).

Annuities force these individuals to defer consumption into the future more than is

48This is also the measure of welfare in EFS.
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optimal.

In all counterfactuals, I assume that retirement age remains exogenous. For in-
stance, men who were retiring at age 60 prior to any CR policy, continue to retire at
that age. This assumption seems fairly innocuous. First, CR policy has only a small
effect on annuity rates in this setting. Second, it is not always obvious how CR policy
would change the optimal retirement age. For instance, if gender-neutral rates were
mandated for both 65- and 60-year-olds, women would obtain higher rates whenever
they retire. The issue is more of a concern for the discussion of age-based CR.

For simplicity, I begin by considering a simple setting where where there is no PD
on the basis of fund size ¢. That is, I discuss CR on the basis of gender and age only,
assuming that rates do not also vary with ¢. I do this only for clarity of exposition.
After discussing the effect of CR in this simpler setting, I also estimate the welfare

effect of CR when insurers can charge different rates depending on ¢.

61 Computing Equilibria

I begin by computing the competitive equilibrium in each consumer subset (i.e., as-
suming full PD). A pure-strategies Nash equilibrium is not guaranteed to exist in this
setting (Handel et al. (2015)), so I focus on zero-profit allocations, which Azevedo and
Gottlieb (2015) have shown always exists.

I simulate consumer subsets with the joint distributions of «, 3 estimated above.

The profit obtained from individual i in contract g, when that contract offers rate T4 1S

1 =T
Tgi (rg) = $i = ) mibirg = Y 7rSudiry:
t=1 t=g+1

The revenue is ¢;. The firm is certain to make payments ¢;r, until the end of the
guarantee period (t = g). Beyond this time, payments occur if the individual is alive,
which happens with probability S;;.

Let 7y (), where r = [rg,75,710] be the average profit in contract g, taking into
account that this contract is chosen by those individuals who prefer g over the other

options (therefore 7, (r) depends on the entire vector of rates offered in all contracts).
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Figure 8: Rates and shares in each contract, at equilibrium and first best, for 65-year-
old Men. The equilibrium shows a shift towards gy and away from g1¢.

The full PD equilibrium rates r* = [}, 7%, 77,] are the rates at which each of the three
contracts breaks even (m, (r*) = 0, Vg). For additional details, see Appendix C4.

Figure 8 shows the equilibrium rates, as well as the rates each life expectancy (LE)
type would obtain under symmetric information. Individuals with higher LE (lower
mortality «) obtain lower rates. I also compute, for each individual, the “first-best”
(or symmetric information) rates at which the firm would break even given that indi-
vidual’s mortality . The figure shows choices at the equilibrium and at the first-best
rates. As discussed above, Men-65 exhibit a strong negative correlation between «
and (. This implies that those individuals choosing gy because of their low bequest
values (3 tend to have high mortality « and therefore are low-cost individuals. These
choices result in higher rates o and therefore an equilibrium where choices are dis-
torted towards gy and away from g, relative to the choices individuals would make
if offered first-best rates. This pattern is present also in the other consumer subsets
(Appendix C4).

The computed equilibrium shows a moderate loss of welfare due to asymmetric
information. The equilibrium welfare for 65-year-old men is about lower than the
welfare under symmetric information. EFS find this figure to be closer to 2%. For the
other consumer subsets, the deadweight loss as a percentage of first-best welfare is
(Women-65), (Men-60) and (Women-60). The results suggest that 60-year-olds experi-
ence significantly greater share of welfare lost due to asymmetric information, relative

to 65-year-olds.

62 Computing partial CR policies

For computational simplicity, I consider here a different parameterization of the con-
tinuum of policies between full PD and full CR than the one considered in Section 2. I
let the vector of rates r = [r¢, r5, r10] for one consumer subset (say, B) change linearly

fromits level under full PD (r* = [rj, r%, 77]) toitslevel under full CR (7 = [r0, 5, r1o)).
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Then, at several points of this linear path, I compute the rates that must be offered to
the other subset (A4) so that each contract breaks even across both subsets. For addi-

tional details, see Appendix C4.

63 Gender-neutral rates

I begin by considering gender-neutral pricing. That is, I consider a policy that man-
dates that men and women of a given age must obtain the same rates. Recall that, for
now, I am not allowing firms to offer different rates on the basis of ¢.

The results are shown in Figures 9 and 10. Among 65-year-olds (men and women),
asmall constraint on prices increases welfare by the equivalent of of annuitized wealth.
Full CR would result in a significant welfare loss, but this moderate constraint on
prices increase welfare.

Such a policy also entails significant redistribution. Under CR, rates decrease for
men and increase for women. Welfare (measured by average W E) rises significantly
for 65-year-old women, but this group is relatively small. 65-year-old men experience
a smaller decrease in welfare, although this group is significantly larger.

Among all 60-year-olds, the optimal CR policy involves significantly constraining
rates and results in a welfare increase equivalent to of anuitized wealth. In this case,
welfare increases mildly for the larger subset of women and decreases significantly

for the smaller subset of 60-year-old men.
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Partial CR [Men-65,Women-65]
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Figure 9: Optimal CR on the basis of gender, among 65-year-olds.
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64 Age-neutral rates

I now consider a policy that mandates age-neutral pricing. Such a policy would re-
strict the difference in rates offered to Women-65 and Women-60. In this setting, I
continue to assume that firms cannot price discriminate on the basis of ¢.

Figure 11 captures the effect of CR policy among women. Full CR achieves an
increase in welfare corresponding to of annuitized wealth. Nonetheless, there is sig-
nificant redistribution from older women (retiring at age 65) to younger women.

Figure 12 captures the results of CR policy among men. In this case, the optimal
policy is full PD. CR causes rates to rise for 60-year-olds and to fall for 65-year-olds,

with corresponding changes in welfare and accompanying redistribution.
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Figure 11: The effect of gender-based CR among Women.

In this setting, the assumption of an exogenous retirement age is more significant.
CR on the basis of age always increases rates for younger individuals, which will

increase the incentive to retire earlier.

65 Allowing PD on fund-size

Using the methodology described above, it is straightforward to consider the effect of

CR when firms are allowed to price discriminate on the basis of age and fund size (¢).
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Partial CR [Men-65,Men-60]
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Figure 12: Optimal CR on the basis of age, among men.

In this section, I will consider the effect of gender-neutral rates in such a setting. This
policy is a more realistic approximation to the policy mandated by the EU in 2012 for
gender-neutral insurance prices.

I consider, within each age-gender subset, a further partition of consumers into
4 tiers according to fund size ¢. These partitions were chosen so that each includes
approximately 25% of the mass of all individuals. The thresholds of ¢ used to defined
these tiers are £9,000, £14,000, £21,000 and £40,000.

Since computing the equilibrium rates is computationally costly, I do not compute
the optimal intermediate CR policy in this setting. Instead, my goal is to estimate the
welfare effect of a shift from full PD to full CR (gender-neutral prices), as an approxi-
mation to the welfare effect of the EU 2012 policy.

Among 60-year-olds (Figure 13), the estimates suggest that full CR increases wel-
fare by the equivalent of about of annuitized wealth. The left hand side panel shows
that, at each income tier, consumer surplus increases among women and decreases
among men. However, the right hand side panel shows that total consumer surplus
increases at every income tier among 60-year-olds. This results mirrors that obtained
above where, when PD on the basis of ¢ was not allowed. In that case, CR on the

basis of gender significantly increased consumer surplus among 60-year-olds. Notice
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that welfare among 60-year-old men decreased significantly, while welfare among
women increased by a smaller amount, but women constitute a larger portion of of
60-year-olds

60-year-olds are approximately 60% of my sample. As a rough approximation,
assuming that these welfare gains would apply to 60% of the annuities market as a
whole (£12bn), the total welfare gain is approximately million.

Among 65-year-olds (Figure 14), the effect of full CR on welfare is negligible.
Overall, the estimates suggest that welfare increased by less than the equivalent of
of annuitized wealth. Moreover, among 65-year-olds, the incidence of the policy
was more heterogeneous. Individuals with lower pension funds were harmed by the

move from full PD to full CR, while wealthier individuals benefited from the policy.

Total AWE from CR = 0.068169 %

1 By Gender : 0.1 : Al
L X
05 0.09 |
\
\
0.08 \
ot \
007} \
\
0.5
0.06 | XL
b — 0.05 1 Swe”
15l 0.04
0.03}
2L 4
* PP 0.02}
25 0.01 |
3 . . . 0
0 1 2 3 4 0 1 2 3 4

Figure 13: The effect of gender-based CR among 60-year olds, when insurers can price-
discriminate by tiers of ¢. Each graph shows the change in average W E resulting from
the change from full PD to full CR, for each tier of fund size ¢.
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Total AWE from CR = -0.028079 %
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Figure 14: The effect of gender-based CR among 65-year olds, when insurers can price-
discriminate by tiers of ¢. Each graph shows the change in average W E resulting from
the change from full PD to full CR, for each tier of fund size ¢.

66 Calibration to US health insurance

Appendix D contains a calibration of the benefit of CR in the context of US health
insurance. In that simpler setting, the assumptions of Constant Absolute risk aver-
sion and Gaussian wealth shocks imply linear certainty equivalents, so the theoretical
model of Section 2 applies literally (utility is quasi-linear). The model is calibrated to
fit moments of the distribution of risk and risk aversion estimation by Handel et al.
(2015). The calibration suggests that optimal CR policy can achieve significant reduc-

tions in the deadweight loss due to adverse selection, on the order of 2%-7%.

7 Conclusion

This paper has investigated the effect on welfare of third-degree price discrimina-
tion in competitive markets with adverse or advantageous selection. Perfect (first-
degree) price discrimination achieves the first-best outcome. However, away from
this limit, third-degree price discrimination can increase or decrease overall welfare.

I have characterize the optimal degree of price discrimination on the basis of a given
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signal. I have shown that when high-cost consumer subsets are also those who experi-
ence the greater adverse selection distortions, community rating can increase overall
welfare. I have illustrated the potential benefit of CR policy in the context of UK annu-
ities. I have found that optimal CR policy can achieve increases in welfare equivalent
of of total annuitized wealth or million per year.

CR policy is one of many mechanisms that can reduce the deadweight loss of ad-
verse selection. This mechanism is already used in practice even though its welfare
implications are poorly understood. However, CR is not a panacea. In fact, CR need
not be the best way to reduce adverse selection distortions in a given context. How-
ever, it seems politically palatable and easy to implement since it does not require
additional tax revenue, unlike other policies like subsidies. CR can therefore easily be
combined with subsidies or taxes to achieve a greater reduction in DWL. For instance,
if the cost of public funds is convex in the amount of funds raised, optimal CR policy
can achieve a reduction in DWL at a significantly lower cost than the use of subsidies
alone.

Several important avenues remain for future work. First, I have considered only
competition in prices. It would be interesting to explore the effect of CR when firms
use menus of products to screen buyers, as in Rothschild and Stiglitz (1976). Second,
it would be important to determine the extent to which market power affects interacts
with CR policy. Third, it would be interesting to extend the model to accommodate
the presence of multiple signals. Such a model would show how the optimal con-
tractibility of one signal (e.g., age) affects the optimal contractibility of another (e.g.,
gender). Fourth, I have assumed away in my analysis the firm’s incentives to collect
additional information about consumers if CR is mandated. Analyzing that kind of
response by firms would allow for a better understanding of how firms might react

to CR.
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Appendix

A Appendix: Literature

Geruso (2016)

Cannon and Tonks (2010) shows that the money’s worth is close to 100%.

Cannon and Tonks (2004)

Cannon and Tonks (2008)

Banks and Emmerson (1999)

Banks et al. (2005)

Banks et al. (2015)

Buzzacchi and Valletti (2005) discuss risk-classification in markets with adverse
and show that firms would typically choose to use that information.

Finkelstein and Poterba (2002) and Finkelstein and Poterba (2004) discuss adverse
selection in UK anuities.

Finkelstein et al. (2009) considers the redistributive effects of gendered pricing in
UK annuities, but in a context where the menus of contracts adapt endogenously.

Finkelstein and Poterba (2006) explores “unused observables.”

Einav et al. (2012b) considers the role of additional information in lending markets
with adverse selection. Similarly, Einav et al. (2013b) considers the impact of credit
scores on consumer lending.

Einav et al. (2013a) considers selection on moral hazard.

Einav et al. (2012a) considers sorting by multidimensional contracts in subprime
auto loans markets with adverse selection.

Adams et al. (2009) find that, in lending markets, adverse selection is mitigated by
risk-based pricing.

Cremer et al. (2010) discuss tagging in income taxation thoeretically.

Mankiw and Weinzierl (2010) also considers optimal taxation of height, which is
used as a proxy for gender.

Blundell and Shephard (2011) consider optimal taxation empirically.

Brown et al. (1999)

Brown et al. (2014)

Davidoff et al. (2005) use curvature v = 2.

Mitchell et al. (1999)

Triest (1996) argues the cost of public funds from taxation can be quite high.

Dahlby (1987) compares monopoly and competitive in markets with adverse se-
lection. Uses a model similar to RS and obtains conditions under which the low-risk
individual obtains more or less insurance under monopoly or competition.

Brown et al. (2017) considers cognitive constraints of consumers purchasing an-
nuities. Departures from rationality are “larger for those with less education, weaker
numerical abilities, and lower levels of financial literacy.” However these authors do
not consider the “pick the middle” departure that I focus on.



OPTIMAL COMMUNITY RATING 59

Huffman etal. (2016) experimentally describes differences in discount rates among
the elderly.

Lusardi et al. (2017) calibrate a model of lifetime savings with acumulating of fi-
nancial knowledge with leads to high wealth inequality.

Glazer and McGuire (2000) discuss optimal risk adjustment in competitive RS mar-
kets where the government observes a signal of cost.

Glazer and McGuire (2002)

Holmes (1989) considers oligopolistic third degree price discrimination

Corts (1998) also considers oligopolistic third degree PD.

Armstrong and Vickers (2001)

Stole (2007)

Wynand et al. (2000) give a survey of risk adjustment practices in several health
insurance markets, and find that “Eleven of them have community rating, which for-
bids price discrimination on characteristics such as age or preexisting conditions.”

Hackmann et al. (2015) and Scheuer and Smetters (2014) also consider a binary
choice of consumers.

Brown (2001)

Crocker and Snow (1986) and Crocker and Snow (1992) explore imperfect risk
classification in RS settings and find that costless risk classification always always
enhances efficiency. Moreover, “a market equilibrium with costless categorization is
potentially Pareto superior to one without it.”

Crocker and Snow (1985)

Levin (2001)

Chen and Schwartz (2015)

B Appendix: Theory

B1 Micro-foundations for willingness to pay

Suppose u = EX (u) + IV (u), where EX (u) > 0 are expenditures and IV (u) is
“insurance value.” Suppose ¢ (u) = EX (u) + ADM where ADM > 0 is an adminis-
trative “load.” If, as in HHW, IV (u) > ADM = 0, then u > ¢ (u), Vu, so the optimal
price is p** = 0. If for some u, IV (u) < ADM, then the socially optimal price is
p™* > 0. Also, if IV (u) < 0 for some u (e.g., due to moral hazard), then again the
socially optimal price is p** > 0.

Suppose that there exist some individuals for whom u = ¢ (u) = 0. For instance,
these individuals are risk neutral and have zero expected expenditures (as in HHW).
Then, selection cannot be globally advantageous (¢’ (p) < 0, Vp) since ¢ (u) > 0. How-
ever, selection can be advantageous over a policy-relevant range of prices, and can be
globally adverse.*’

“*This also occurs in Einav et al. (2010a). In Einav et al. (2010a), those who are the least willing
to purchase insurance correspond to Q = 1. If there are people with zero cost and risk neutral, they
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The calibration presented in Appendix D provides an explicit expression for u
for the case when individuals have CARA utility and are subject to Gaussian wealth
shocks.

B2 Baseline Model
B21 Concavity of the profit function

Profitis m = fpﬂ (p — ¢ (u)) f (u) du. The slope of profitis 7’ = Q' (p — ¢) + Q, while its
second derivative is

/"
W//:Q//(p—6)+2Q/—Q/CI:Q/ a(p_c)_i_2_cl

Aguirre et al. (2010) discusses conditions under which profit is concave when in-
dustry marginal cost is constant (M C” = 0).

Profit will be concave in this setting if those conditions are satisfied and, in addi-
tion, 2 — MC’ > 0.

This condition is quite mild. For instance, suppose that valuation were composed
of cost in addition to some risk premium, so

v=MC (v)+ RP (v).

If risk premium is constant, then 1 = MC” in which case the condition is satisfied.
More generally,

2 MC'(v) =1+ RP' (v)

and therefore a sufficient condition if 1 > RP’(v). That is, we require that, when
total valuation increases by one unit, risk premium increases by less than one unit.
That is, we require that some of the increase in total valuation is due to an increase in
expected cost. The condition 2 — MC” > 0. is violated only if there is very extreme
adverse selection.

B22 Existence and Uniqueness of Equilibrium

To show uniqueness of equilibrium, I show that there is a unique fixed point of AC (p).

I assume that ¢ is monotonic, ¢ < 1 and that the distribution of ¢ is log-concave. If

¢ <0, then AC” < 0. Since AC' (0) > 0, the function AC (p) has a unique fixed point.

Now suppose ¢ > 0, but ¢ < 1 and that the distribution of ¢ is log-concave. Let

¢p = c(p). If G(c) log-concave, then AC — ¢ = Ec | ¢ > ¢p] — ¢, is decreasing in ¢,
dAC _ dAC __1 de

from Bagnoli and Bergstrom (2005). Therefore, &, = “dp dep)dp <1l= ﬁ and, since

will be the ones with lowest WTP for insurance and their cost is zero, so MC (Q = 1) = 0. Therefore
I cannot have advantageous selection (MC’(Q) > 0) everywhere. However, I can nonetheless have
adverse selection (MC’ (Q) < 0) everywhere.
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%’ = ¢ <1, AC () is contraction and therefore has a unique fixed point.””

B23 Concavity of welfare in y
Recall %? < 0 while ‘Z’—f > 0. From the main text,

aw. (QA QB)
=T .

e P
dx Ty T

Further differentiation yields

dQW__<QA>/dPA _< B)/de
— == | — -7 | —.

+
Therefore, a sufficient condition for concavity is % (Qm) > 0 or, equivalently, 5@

7
ﬂ-m

decreasing in p,,. Omitting subscripts, I require

7_(./

'l
—=—-0(p—c)+1= {] =o' (p—c)—0c(l1-{)<o0.
0 (p—c) 0 (p—c)—o(1-C)
If Q is log-concave, then ¢/ > 0. Moreover, 0 > 0. If p — ¢ > 0 and ¢ < 1, then
1/

[%} < 0 as required.
Proof of Proposition 1. Full PD

I have established % =7 (%ﬁ — %) . I require W' (0) < 0 & %f < %g. At
X = 0, prices are determined by p}, = AC},. At such a point, the slope of profit is
™ (p)=Q (p—AC)+Q (1 - AC") = Q (1 — AC") . Therefore, I require

Qa < @B
Qa(1—AC,) Qp(1-ACY)
where all quantities are evaluated at the full PD prices, py,.

O
Proof of Proposition 3. Full CR

& AC) < ACH

I require W’ (1) > 0 %A > %, where all quantities are evaluated at the full CR
A B
price p. Omitting subscripts, notice

g:Q/@_AC)gQ(l_AC/) = —o(p—AC)— AC' +1>0

50The condition A’ < 1 is similar to the condition given for stability of equilibrium in Mahoney
and Weyl (2014). In that paper, inverse demand (P (¢)) and average cost (AC (q)) are expressed as
function of quantity g, and stability requires P’ (q) < AC’ (¢). In my setting m < ﬁ/dp.
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Therefore, the required condition is

—JA(ﬁ—ACA)—AC'1,4+1<—O’B(ﬁ—ACB)—AC/B-Fl

Then, using p = QuACA+QpACE

Qa+QB yields

1 1
0 < 782 TAQL (40, acy) < ACY, — AC,
2 T aa
O
Proof of Proposition 2. Optimal CR

Recall (omitting subscripts) that

™ _Qp-0)+Q
—=——————=——0(p—c)+1
0 0 (p—c¢)
Therefore, the optimal interior CR policy satisfies
dw __(Qa @B

This is the unique interior optimal policy since W is strictly concave in x.
O

B23.1 Effect of semi-elasticities on optimal CR policy Suppose that demands have
constant semi-elasticities 0 4 and o 5. The optimal policy x satisfies

o4 (pa(X) —capa(X)) —op (e (X) —cB (pB (X)) = 0.
This yields

ax _ pa—ca 50
doa UA(I—C’IL‘)%‘(“—UB (1—039)%? .
ax _ — (pB — cB) <0
TN (YA TS A (SFAL T

I have assumed 1 — ¢, > 0 for all markets. The denominator is negative since ‘%{“ <0
and %f > 0. Therefore % has the sign of p4 — c4 > 0.

When demand becomes more elastic in the high-cost market (where price de-
creases), the optimal CR policy increases. If demand becomes more elastic in the
low-cost market (where price increases), then a smaller amount of CR becomes op-
timal.
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B24 Multiple Consumer sets

B24.1 Exposition Suppose multiple consumers sets m € {1,2,3, ..., M }exist. Full
PD prices are p}, such that 7, (p},) = 0. The full CR price p satisfies Y 7, (p) = 0.
Let the set A be the subset of high-cost markets, so thatm € A = 7, < 0. Let B be
the subset of low-cost markets (m € B = ,, > 0).

Consider the CR policy x € [0, 1] such that for each market, 7, (pim (X)) = X7
Prices p,, follow paths prescribed by % dp m = J"’ESZ )
assumption. The numerator is positive for low-cost markets (m € B) and negative for
high-cost markets (m € A).

Welfare as a function of the PD policy x is W (x) = >_,, Wi (Pm (x)), with slope

aw B Tm (D) . Tm (P)
W _%: Qmﬂ-/ (pm) _;Um(pm_ACm) _Acrln+1.

. The denominator =}, (p,,) > 0 by

m

Welfare is concave if y if the assumptions made above apply to all markets m. I can
therefore obtain the following results.

Proposition 6 (Full PD (Multiple Markets) ). For M > 2, full PD is the welfare-
maximizing policy (y = 0) if

AC’ <ZA

meB

A sufficient condition is
min {ACy, (pr,) } > max {AC;, (p},)} -

First, notice that when M = 2, 74 = —7pg, so I recover Proposition 1. Full PD is
optimal if all low-cost markets (m € B) have more significant adverse selection than
any high-cost market (m € A) at the full PD prices. The condition is more restrictive
than the one described by Proposition 1 because in a setting with multiple consumer
sets, at least one set is likely to exhibit a pattern of selection such that some amount
of CR can be beneficial.

Proposition 7 (Full CR (Multiple Markets) ). For M > 2, full CR is the welfare
maximizing policy (y = 1) if

T (D) —Tm (D)
2 S Qe (AC AC,) 2 i @n (AC, — AC,,)
mEB ACH + 7,y S0 ST —1  mEAACH + o, S2ET ) -

+

51 As above, full PD corresponds to x = 0, full CR corresponds to x = 1, and 3" 7m (pm (x)) = 0
for all x .
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A sufficient condition is
AC! (p in { AC! (p}
max { Ay, (pj,) } < min {ACy, (p7,)}
and that all AC,, are sufficiently similar.

Full CRis optimal when every high-cost market has higher adverse selection (AC},)

than any low-cost market. Moreover, all costs should be relatively similar at 5. Among

> rtm @n(ACr—ACn)
m € B, the term SO

likely to be satisfied when, for m € B, AC,, — AC,,, ~ 0. Similarly, the term is negative
for m € A. Therefore, the condition is most likely to be satisfied when each of these
terms is close to zero, that is, when the levels of cost in all markets are sufficiently
similar.

Again, the intuition is that if the levels of cost differ greatly, full CR will dramat-
ically change prices. Then the final unit of CR is likely to impose a large welfare loss
on the low-cost markets B and a small welfare gain on the high-cost markets A.

> 0 is positive; therefore, the inequality is most

Proposition 8 (Optimal CR (Multiple Markets) ). For M > 2, the optimal CR policy
X satisfies

W_szam(pm_cm)_l_o.

Again, the intuition for the result is that the optimal level of CR equates the marginal
welfare gains in high-cost markets A to the marginal welfare losses in low-cost mar-
kets B.

B24.2 Slope of welfare Omitting subscripts,

”=Q (p—c)+Q=-Qlo(p—rc)—1]

7 =Q (p—AC)+Q (1 - AC") = —Q [0 (p— AC) — 1 + AC'].

The slope of welfare is

dW_ ~ _Qm _ Wm(ﬁ)
a2 O ) T 2l ACy) 1T AT,

B24.3 ProofProof of Proposition 6. Full PD (Multiple Markets)
At x = 0 (full PD), p,,, — AC},, = 0. I require that, at full PD,

dw Tm (D)

G5 ™),
dx AT, —1°
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T (P) —Tm (P)

T 1"
= ACH —1 = AC!, —1

Notice that all numerators are positive, since m € A = m,, (p) < 0, whilem € B =

Tm (D) > 0.
Moreover, the sum of the coefficients on both sides of the inequality sign are equal

since Y my, (p) = 0.
Therefore, a sufficient condition for the inequality to be satisfied is
. A ! * A ! * .
min {AC;, (pl,) } > max {ACT, (p,) }

O
Proof of Proposition 7. Full CR (Multiple Markets)

We require that, at y = 1 (full CR)

dx_;am(pm—ACm)—l—kAC;n =0
At full CR p = %. Therefore, the term p,, — AC,, in the denominator
becomes
n (AC, — AC), ntm @n (AC, — AC),
5 AC, — nQu(ACw = ACw) _ Lngm @ )

By definition, high cost markets (A) have 7,,, < 0 and therefore have p — AC,, < 0.
Conversely, low-cost markets (B) have p — AC > 0.
Therefore the condition becomes

Tm (P) — 7, (D)
mze:B At 1o Zngm Qu(AC, —ACw) > m;‘ et v Tupm Qu(AC, = ACy)
" " Zn Qn m m Zn Qn o
+ _

Notice that all numerators are positive, since m € A = m, (p) < 0, whilem € B =
7m (P) > 0. The denominator is always positive since it has the sign of 7/,,.
A sufficient condition is

max {AC’;n +om

meB

2 ngm Qn (ACy — ACH) }

< min { AC!, + o,
Zn Qn {

meA

2 ngtm Qn (ACH — AC)) }
> @n ’

L]
Proof of Proposition 8. Optimal CR (Multiple Markets)
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Recall that (omitting subscripts) =5 = o (p — ¢) — 1. The optimal CR policy pre-
scribes

dx _szam(pm_cm)_l_o

O

B25 Two Products

Proposition 9 (Full CR (2) ). With two products, full CR is optimal (xy = 1) if
QB < Q4 and

1 1 1 1
OHB +ona OLB +orLag,
0< (ACya — ACHB) QI;IB — QHA +(ACLA — ACLB) QlLBJr - Qa

QB QHEA Qra QLB

< AACY—AACY.

For full CR to be the welfare-maximizing policy, the high-cost set must experience
greater adverse selection than the low-cost set, as measured by AAC", —AAC;. More-
over, the levels of prices cannot be too different across markets in both products
(ACga — AChgp > 0 small and ACp 4 — ACLp > 0 small). As before, when price
differences are large, full CR will result in large price changes relative to PD. When
demands are elastic, the last unit of CR is likely to result in a large welfare loss in
market B and a small welfare gain in market 4, so the price difference is weighted by
the demand elasticities for the relevant product.

Moreover, Proposition 9 requires that the high-cost set has higher demand for H
at the CR prices py,pr, (Qa > @p). CR will increase prices in market B. However,
if individuals in market B have little demand for H, this increase in prices will not
significantly reduce welfare, and therefore the cost of implementing CR is lower.

The following corollary uses the fact that AAC” (Ap) = oy (ACH — cp)+or, (ACL — c1) .

Corollary 1. Suppose demands are proportional, as in Chen and Schwartz (2013),
(Qa (Ap) = 2Qp (Ap) for z > 0). Then x =1 if

OHCHB *+0LCLB > ogcgA +oLCrA.

The example emphasizes that full CR is unlikely to be the optimal policy. When
demands are proportional, the condition requires that marginal costs (weighted by the
semi-elasticities o) are higher in the low-cost market B than in the high-cost market
A, at the common full CR prices, even though average costs are higher in market A
by assumption. In a single-product setting, I have o7, = 0, so I recover the condition
CB > CA.

B25.1 Derivatives of profit To make the notation tractable, let z = pg and y = pr,
. Moreover, f = f(z,y) = mg (pu,pr) and g = g (x,y) = 71 (pu,pr). Finally, let
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F = 7y and G = 7. Let subscripts z,y denote partial derivatives (for instance,
2]
f Tz — gTi)
First, consider f = 7 = Q (pg — ACH), so

dm

fo= g =@ (o1 = ACH) +Q (1= ACE)
d
fo="gt==Q (b — AC) + QACH —Q+Q =~/ +Q

Second, consider g = 7, = (1 — Q) (pr. — ACL). Therefore,

gyziZi:Q'(pL—ACL)Jr(l—Q) (1+ACT)
o = b = ~Q (pr— ACL)+ (1= Q) [FAC}] (1= @) + (1= Q) = =g, + (1 - Q)

B25.2 Path of prices Now consider the system

fl@(x),y(x) =xF= foa' + fpy = F

g@(x),y(x) =xG = gz2' + g4/ =G

This can be written
. fLJ :L,/
Jo fu = = =J!
9z Gy Y Y

assuming (for now) the invertibility of the matrix J at every point. Let det (J) # 0 be
the determinant of J.
Explicitly computing J ! yields

R U A
y' det (J) g
Recall that f, = —f, + Q. Also, g» = —g, + (1 — Q). Therefore, f, + f, = Q and
gy + 9= = 1 — Q. Therefore,

F
G

G

F
G

1

det (J)

gyF - fyG
_ng+ fo

det(J):fmgy_fygw:fx(l_Q)+ng_Q(l_Q)>O-

Since I canwritedet (J) = (f» — Q) (1 — Q)+Qg, > 0and f, = ©im — Q' (py — cp)+
Q> Q.
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Recall
fo _ - AC ACYH —1
0~ (pr H)+ ACH
9y /
— = —A —AC) -1
—a-q (pL — ACL) — ACY,
where oy = —%Cfg—g = —% >0and o, = —ﬁ% = —% > 0.
The derivative of welfare will have terms of the form —Q% =—Q (CZJ—; - %).
Therefore, I consider
= Q
dAp TH — TL-Q)

—@ dx - oy (pH—ACH)—I—AAC}_I—i-O'L (pL—ACL)—l'

B25.3 Slope of welfare Now using the fact that —mg4 = 7gp = 7, and similarly

for L, the derivative of welfare % =—Qa dﬁi A_Q Bdﬁ% becomes:
aw o Qn |5 - 75|
dx ouB (paB — ACyp) + AACy + o1 (pL — ACLB) — 1

) Qu |3 - |
oA (pua—AChHa) + AAC) 4+ opa (pra — ACpa) — 1

When the second product does not exist 7, = o7, = 0 and AAC’ = AC’, so I recover
the expression for welfare of the baseline model.
Now notice

TH TL
Ha=Ga [QA 1-Qa
It is reasonable to assume that this term is positive if there is a significant number
of people purchasing H in set B (Qup > Qrp), since the difference in cost is likely
to be particularly significant for the comprehensive product H, hence it is likely that
AChxa — ACyp > ACpa — ACrp. For instance, in the baseline model, Q5 = 0, so
X4>0
Similarly,

Con [T T ] g [ouaACHA=ACks _ (AL - ACL
Xp=Gn {QB 1—QB} =Gs [QHA Qua+ Qun QLA( Qra+QrLs ﬂ >0

ACga — ACHB _ ACpa — ACLB

Qua+QuB Qs Qra+QLB =0

|- fous
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Therefore, I obtain

aw _ X
dx OHB (pHB—ACHB)-f—AACJ'B—l-O'LB (pLB—ACLB)—l
X4

“oma(pra — ACha) + AAC, +opa (pra — ACpa) — 17

Now notice that
Xa>XpeQp>Qa

B25.4 Prooffroof of Proposition 4. Full PD (2)
Full PD maximizes welfare if W’ (0) < 0. I require that, at full PD,

XB XA
< .
ous (pup — ACup) + AACL + o (pLp — ACLB) —1 ~ oma(pua — ACua) + AAC), + o4 (pra — ACrLa) — 1

[ assume X4 > Xp, implying that Qp > Q4.
Then, a sufficient condition is

ous (pup — ACup)+AACk+0o1p (pr — ACLB) > ona (pua — ACa)+AAC 404 (pra — ACLA).
Atx =0, pgm = ACH,, and pr,, = ACLy, 0 a sufficient condition is

AACY > AACY,.

]
Proof of Proposition 9. Full CR (2)

Full CR maximizes welfare if W’ (1) > 0. I require that, at full CR,

XB XA
> .
ouB (paB — ACu) + AAC; + oL (pLB — ACLB) —1 =~ 0ma (prua — ACHua) + AAC", + or4 (pra — ACrLa) — 1

Iassume X4 < Xp, implying that Qp < Q4.
Then, a sufficient condition becomes

oup (P — ACup)+AACE+oLp (b, — ACLE) < opa (P — ACHA)+AAC ) +0p4 (P, — ACLA) .

At full CR, pyy = QuadCnat@npACus and pj, — LLAALLATGLBACLE
Therefore,
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QaACHA+ QBACHE — ACHaQa — ACaQB 0 ACpa — ACusp

pi=ACHA = Qa+Qp SOt
Similarly
pa — ACHp = Qa Acgj ; SEHB >0
pL — ACLa = —QLBW <0
pr — ACLp = QLAW >0

Therefore, the condition becomes

1 1 1
OHAr— tOHBA — OLAA—
(ACga — ACHB) QIfA QUB | (ACps — ACLR) T

- QL5 < AAC)—AACY,
QHA + QHB Qra + QLB

O
Proof of Proposition 5. Optimal CR (2 products)

Finally, I consider the optimal level of . First, notice

drgn 1 Qb (py —
Tam 1 Qpy (pu CH)+QH:_UH(pH_CH)+1

dprm @ Qu
dnpm 1 -Q (pr —cr) + QL
= =—0 —cp)+1
dprm 1 —Q Qr L{pL —cr)

Therefore, I can express % =0as

o (puB —cup) + o (LB —crLp) — 1 _ (0ma(pra—cua)+ora(pra—cra)—1)
XB XA

O

B3 Group Design Does not Increase Welfare
B4 Regulating Quantities vs prices
B5 Unambiguous welfare result: market B shut down

There is a case where CR unambiguously reduces welfare. For instance, suppose that,
under full CR, market B entirely shuts down. Then, the price in the market will be
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under CR

p=AC4(p)

which is the equilibrium price in market A. Therefore, there will be no welfare change
in market A.

However, CR will imply that market B entirely shuts down, thereby reducing
welfare in that market. This occurs when

Qs (p) = 0.

B6 A necessary condition for welfare to Improve, as in Varian
B7 General Equilibrium Function
B71 The equilibrium condition

Assume that industry profit is 7 (p) and strictly concave. Suppose that the Equilib-
rium function is € (p). Then, equilibrium is determined by the condition £ (p) = 0.
Here are three examples of this function:

1. Under monopoly, € (p) = 7’ (p) = 0.
2. Under perfect competition, £ (p) = 7 (p) = 0.

3. For imperfect competition, it could be & (p) = kx (p) + (1 — k) 7’ (p), for a com-
petition parameter k.

In each market, the equilibrium condition is E (p) = 0.
Under full CR, the equilibrium condition is

E(p)=Ea(p)+ Ep(p) =0.

Therefore, the equilibrium condition will be positive in one market and negative
in the other.
Let the government policy x be such that

Em (pm (X)) =xEm (ﬁ) :

Then we have

Opm ETm

o Ep ()
Whether price rises of falls will depend on whether E,,, and E’ have the same sign
in the given market.

1. For monopoly £ = 7' = E' =" < 0.
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2. Under perfect competition E = 7 = E’ = n’ > 0 provided that prices remain

below the monopoly price.

3. Under Imperfect Competition, it is E' = kn’ + (1 — k)=n”, for k € (0,1). We
would like this quantity to be bounded away from zero. This is signed provided

that

kr' +(1—k)7" >0

1—k\ 7"
1 — ] —>0
7.[_//

k

Therefore, this quantitive is signed provided the curvature of profit is negative.

B72 Quantities of interest

Suppose that our quantity of interest in each market is I (p).
For instance, if we are interested in utilitarian welfare, then I (p) = W (p)

2 (w=p) £ (v) do.

However we might also be interested for instance in quantity in which case I (p)

Qp) = [;° f(v)dv.

Therefore we have
I(pa,pB) =14 (pa) + I (pB) -

B73 Concavity

The government chooses x to maximize I. The first derivative is

opa opB Ey4 Eg I} I
I'=I = +Ig=——==T— +Ig— =E |42 - 5|
Aoy T TR, TR E, Py
because E4 = —FEp. At a stable point é—%‘ = é%‘?
A B
The second derivative is
" —F I,lq-/apA E I/B ,aPB
U B, ax T |E,| ox
Al X B X

Since %‘(“ < 0and %‘f > 0 we require only that in each market

o
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A ratio of two functions is monotonic when their curvature are ranked. That is

I"E' —I'E" <0
I//E/ < I/E//

C Appendix: Empirics

C1 Additional Data Details
C11 Other contract dimensions

Individuals can choose whether their income increases in a deterministic manner or
stays nominally flat over time, but the majority chooses a nominally flat profile. In-
dividuals can choose whether payments occur monthly, quarterly or yearly, but the
vast majority choose monthly payments.

Beyond this, there exist other annuity products which have their own prices are
therefore constitute entirely separate sets. This is the case for “joint” annuities and
“enhanced annuities.” 1 do not consider these sets, instead restricting attention to
“single life” and standard” annuities.””

I consider only annuities that are not part of an employer pension scheme. I con-
sider only nominally flat, single-life and non-enhanced annuities.

C12 Timeline of Interest Rates

Figure 15 shows the interest rate on 10-year UK government bonds from 2005 to 2014.
In late 2008, the Bank of England began a policy of “quantitative easing” which in-
duced a significant drop in interest rates. However, this occurs only after the period
considered in the data.

C13 Imputation of Unobserved Rates

Figure 16 illustrates that rates do not depend on whether the individual used of a
financial advisor or on her internal / external status.
Figure 17 shows the results of the imputation for Men 65.

521f a joint annuity is purchase, a second individual (usually the spouse of the main annuitant) will
continue to receive payments after the first annuity dies, until the second annuitant dies. I consider
only single life annuities. Individuals who are significantly ill can purchase an “enhanced annuity”
which yields higher rates.
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Interest rate on 10-year bonds
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Figure 15: Timeline of long-term interest rates. The red lines illustrate the period

describe by the data.
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Figure 16: Rates offered for g5, to Men 65, in a given month. The graphs illustrates
that the rule used does not depend on whether the individual used of a financial advisor

or on her internal /external status.
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Figure 17: Semi-parametric imputation of rates for for Men 65.

I use the entire dataset to impute the missing rates. However, the semi-parametric
estimator I use performs poorly on the boundaries of the data range. Therefore, in es-
timation, I use only individuals with ¢ between £3,000 and £40,000. This implies only
a marginal loss of data, as this range contains about 95% of the observations. How-
ever, this additional sample selection implies one must be careful to extrapolate the
results to consumers with very low or very high levels of wealth. For consistency, in
estimating demand, I will use only the imputed rates. Thatis, I do not utilize observed
rates for the contract that was chosen.

I take the level of annuity rates to be those corresponding to the average value
of FE, for each consumer subset. Doing so implies the rates I consider do not vary
over time with interest rates, which would introduce concerns about endogeneity.”
Notice, however, that rates nonetheless vary with fund size ¢.%*

C2 Consumer’s Problem
C21 Death probabilities

Timeis ¢ € {1,2, ..., T }captures the age of an individual after purchasing the annuity.
Each periods lasts one year.
We begin by consider the Gompertz mortality process

Sit:S(ai,)\,t):exp(% (1—6/\t>), t<T.
53For instance, a change in interest rates would affect contract choices through a change in the
annuity rates, but would also have a potential impact on decisions due to its effect on each individual’s
optimization of her portfolio of other assets.
54The estimates are robust to allowing the annuity rates to vary over time, which is not surprising
given the relatively short time window under consideration.
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This will capture the unconditional probability that the individual reaches the first day
of year ¢t when her mortality parameters are («, \). Notice Sy = 1, so all individuals
reach t = 0 with certainty. Moreover «; = 0 (zero mortality) implies S;; = 1,¢t < T.
However, individuals live at most 7" periods, so S; 741 = 0.

If individual ¢ reaches the first day of year ¢ (which occurs with probability S;;),
then the conditional probability of dying during period ¢ is D;; € (0, 1) where.

(1 N(E+1)
Si —Si,t+1 6*(1 € ) o (A (1)
Du= S S Sy SN, er

Notice D;; is strictly increasig over time ¢, since a Gompertz process has strictly in-
creasing hazard rate. Moreover, if mortality is zero (o; = 0), then D;; = 1 — el =
0,Vt < T. Moreover, D;; > 0 fort > 0.
Notice that, indeed, we have S;p = 1 and
Sio — Sin Sin _

1-Dyp=1-"2""0 1 14

il
Sio

(1= Dio) (1 = D) = Sa 1—M = Si1 1—1+& =5
In the final period, S;j7 = (1 — Djp) X ... x (1 = D;7) =1 x ... x 0= 0.
The unconditional probability that ¢ survives to period ¢ and then dies in period ¢
15 T=t—1
Hy = [ H (1-— DiT)] Dy = Si1—1Dj;.
7=0

Notice that, since the individual must die in one of the periods, >, Hy; = 1.7

55For instance,

Ho = 0
Hi = Da
Hiz = (1= D) D

Hiz = (1-Dj1)(1— Di2)Dis
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C22 Statement of the problem

The overall pay-off of individual 7 from choosing contract g € {0, 5,10} is obtained
by choosing (c;, w¢) to maximize

T
Z 8" {Siru (cir) + Hypv (Byit)} »

t=1

subject to

wir1 = R (wir — cit + Ygit) -

The discount rate is § € (0,1). Sj; is the unconditional probability the individual is
alive during period t. H;; is the unconditional probability she dies during period ¢.
u (c;t) is the utility from consumption c;;. v (By;) is the utility of leaving a bequest
with value B;.

The wealth at the beginning of period ¢ is w;. Notice that w; does not include the
annuity payments accrued in period ¢. The individual accrues w; in period ¢ only if
she is alive, which occurs with probability S;;. The first-period non-annuitized wealth
wy is exogenous. The income from the annuity in year ¢ is y;x; = ¢irt!, where ¢ is the
individual’s annuitized fund, r;, is the rate in the chosen contract g, and ¢ is the real
growth rate of the annuity income stream (accounting for inflation).

The value of bequests is

Brit = wit + Gt

which includes non-annuitized wealth w;; as well as the net present value of any an-
nuity payments still in the guarantee period Gy;, where Gg;; = 0 fort > g (for periods
beyond the guarantee lenght) and

T=g
Yt
Ggit = Z R0 t<g.
T=t

Notice that, for t = g the individual can still enjoy guarantee payments if she died
during year ¢.

In sum, individual reach the first day of year ¢ with probability S;;, and arrive
with wealth w;;. At that point, individuals choose their consumption for that period,
¢it. Then, nature decides wether the individual survives during period ¢ and therefore
reaches period ¢+1 (which occurs with unconditional probability S;1), or dies during
period ¢ (which occurs with unconditional probability H;;). Individuals obtain utility
from consumption and bequests immediately. Then, if the individual survives that
period, she obtains the annuity payment yy;;. This timeline is illustrated in Figure 18.
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Arrive at t=0 with Arrive at t=1 with Arrive at t=2 with Arrive at t=T+1 with
ditional iti unconditional unconditional prob.
prob. Sp=1 prob. S, prob. S, S1.1=0

Dies during this Dies during this
period with period with
unconditional unconditional
prob. Hy prob. H,

w, given
choose ¢,

Wo=R(W-City,)

W, =R(Wy-CoH
1=R(Wo-CotYo) choose ¢,

choose ¢,

Vy=Su(ey)+
Hyv(b;)

Vo=Sulcy)+
Hyv(b,)

Vi,1-V(br.)

Figure 18: Timeline of decisions.

C23 Solution

Notice that the intertemporal budget constriant can be written as 0 = wy+y; —c,— wjgl .
The Lagrangian for this problem is

a T-1
w
£ ; {5t_15itu () + 0" Higo <Bt)} + ; U [wt +2—cp— ]t%:l )

where v, is the multiplier associated to the budget constraint in period ¢. Also, B; =
wy + Gy is the bequest in period ¢. Notice that there are only 7' — 1 constraints (for
instance, when T = 2, the model would have only 1 inter-temporal budget constraint).
The final budget constraint is wy_; + zp_1 — cp—1 = %, and the individual surely
dies in period T or before.

The First Order Condition with respect to ¢; is

oc
8 Ct

Notice that g—g’: = 1. The first order condition with respect to w; is

= (St_lSZ’tCt_7 - =0= 6’5_1Stct_7 =y

or

8wt

=0=1 = % — (St_lHit,B (Bt)_’y

= """ Hy 3 (B) ™" + i — Vi1 g
t—1
Typically, this problem is solved by backward induction. However, the structure

of the problem in this case permits a procedure that is more accurate and robust, as
highlighted in EFS. Given the optimal choice for ¢;, called ¢j, and the known value of
wy, it is possible to compute v; from the FOC S;1¢; 7 = 1. These elements can then
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be used to compute (w2, 12, c2) since

wy = Ry (w1 +y1 — 1)

In general, the updating rules are
w1 = Ry (wy +yp — 1)

Y1 = ;éi — 0"H; 1418 (Biy1) ™!

_1

_1 1
o (T " e v
TS 3tSi 1

Therefore, the problem becomes one of finding the values of ¢; which maximizes
the program. This requires simply maximizing over the initial value of consumption
C1.

C24 Solution scales with ¢

Notice that the solution scales up with ¢ and therefore the optimal choice is indepen-
dent of ¢. Suppose that initial wealth increases from wy to Y'wy. Similarly, payments
increase from y; to Y'y;. If the optimal consumption path changes from ¢} to ¢} and
the optimal path of wealth changes from w} to Ywy, then the new consumption and
wealth paths satisfy the problem’s first order conditions. Therefore, the value of the
problem changes from V* to 7V*. Therefore, the choice of the consumer between the
two income streams becomes unchanged.

C3  Annuity Comparison Websites

Figure 19 illustrates one of several websites that annuity buyers can use to compare
the annuities offered by different firms. Actively choosing between annuity providers
was strongly encouraged by UK regulatory bodies during the period covered by the
data. Moreover, the rates offered by different providers are quite similar, suggesting
a symmetric competitive outcome in this market.
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e A T Review your annuity quotes

Quote 1

Quote 1

Your income (indicative)
All providers for this quote

£43 £520 £5,200

Montf Vi 10 yearl = Saga
eny. - [Teery yeary £43 £520  £5,200
Your choices Monthly Yearly 10 yearly
E £11,250 pension pot 5 Legal & General
£43 £518 £5,180
n £3,750 (25%) tax free sum Monthly  Yearly 10 yearly
Retire at 65 € CanadaLie
u Single annuity £41 £500 £5,000
Monthly Yearly 10 yearly
ﬂ Guarantee period of 5 years )
o Aviva
No annual increase £41 £498 £4,980
Monthly Yearly 10 yearly

[ Heaith choices
« Hodge Lifetime

Compare all providers >
— < Show annuity details

Figure 19: Screenshots of an online search engine for comparing annuities.

C4 Equilibria and Counterfactuals
C41 Equilibria

In practice, to compute the equilibrium-rates vector r* = (r§,7%,77,), I find the vec-
tor r that minimizes the function ¢ (r) = max (|0 ()||, |75 (*)||, |10 (¥)|]) . At the
numerical equilibrium points, ¢ (r*) is of the order of 1073, suggesting a close ap-
proximation to the true zero-profit vector of rates r*.

The following figures describe the equilibrium in each gender-age subset of indi-
viduals.

Figure 20: Equilibrium in the subset Women 65.

Figure 21: Equilibrium in the subset Men 60.

Figure 22: Equilibrium in the subset Women 60.
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C42 Computing partial CR policies

Formally, I begin by computing the vector of rates for each market under full PD,
r%,7%. Then, I compute rates under full CR, 7. Then, for x € (0,1), I impose rp =
(1 — x) 7% + x7. Therefore, x = 0 corresponds to full PD while y = 1 corresponds to
full CR.

For each value of rg, I find the value of 4 at which all contracts break even across
both consumer subsets. In practice, I find the value of r4 that minimizes

((ra) =max (|[moa (ra) + mon ()|l 754 (ra) + 755 (re)ll; 7104 (14) + T108 (rB)])

For each value of x € (0, 1), the profit per person in each contract remains of the order
of 1073, suggesting the obtained vector rp is indeed the zero-profit point. Moreover,
for different values of x, profit per person in each contract fluctuates randomly, sug-
gesting numerical error near the true equilibrium points.

D Appendix: Calibration

I calibrate the welfare implications of the model in Section 2 using the estimates ob-
tained by Handel et al. (2015) (HHW) in a health insurance context.

D1 Setup

I consider a continuum of consumers, who experience wealth shocks drawn from a
Gaussian distribution NV (i, 0%). The mean () and variance (02) differs across con-
sumers. Each consumer choose an insurance contract (described below) to maximize
their CARA utility E [e~%¢], where the expectation is taken over realizations of the
wealth shock, ¢ is consumption in each state of the world and a is each individual’s
(heterogeneous) risk aversion parameter. I define each individual’s “insurance value”
as v = ao.

I assume contacts consist only of a price p and an actuarial rate . Thatis, a contract
will absorb a share z of the individual’s wealth shock. There are two products in this
market, (pg,zpy) and (pr,zr). Following Handel et al. (2015), I set zy = 0.9, and
describe z 1, below.

An insurance product with coverage x implies that the insurer absorbs a share
x = 0.9 of the buyer’s wealth draw, leaving the buyer to pay a share 1 — z. Consumer
willingness to pay for this contract is

u:xu+%(1—(1—x)2>v.

where 1 captures the individual’s expected loss and v captures her risk aversion and
the variance of wealth shocks. The relevant types in this setting are (1, v).
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Competitive insurers offer insurance contracts characterized by a coverage-price
pair (z, p) . The cost to the insurer is of covering an individual of type y is ¢ = zu. No
moral hazard exists, so the “first best” occurs when all consumers buy the contract.

D2 Distribution of types

I assume that 1, v have a joint log-normal distribution:

= 2
7 On  POuOu

~ N s

log(v) v po,o, o2

log(p)

The correlation parameter p captures the degree of adverse selection in this market.

I calibrate this distribution to the moments of the data in HHW data.”® To two
significant digits, those moments are: E[u] ~ 6.6 - 103, E[v] ~ 6.7 - 10%, V[u] = 5.0 - 107
and Cov[u,v] =~ 6.3 - 10". I do not know V[v], but the variation in a seems to be quite
small and only weakly correlated with that in 0%, so I'set V[v] = E[a]*V [¢?] ~ 9.8-10°.

Then E[y] = e"3%, Ev] = €773, V(] = E[u)? (eﬂi - 1), V[v] = Efv]? (eai - 1)
and Cov|u, v] = E[v]E[u] (e?7»7» — 1). This system of equations of 5 equations with 5
unknowns can be solved analytically and uniquely to yield o7, = 8.4, 0 = 11, 07, = .76,
02 =1.2and po,o, = .63.

The log-correlation p is often used as a measure of adverse selection, because p

induces a greater correlation between cost and WTP. For additional details about the
data, see Veiga and Weyl (2016).

D3 Equilibrium and Deadweight Loss

In what follows, I compute the equilibrium of each set as the point where AP = AAC,
as in HHW. For the case of multiple products (z, > 0), this zero-profit point need not
be a Nash equilibrium, and indeed such an equilibrium need not exist. However,
Azevedo and Gottlieb (2015) show that a zero-profit point always exist, and that any
such point s the limit of the Bertrand-Nash equilibria of a sequence of sets that become
arbitrarily competitive (and firms have capacity constraints). In my setting, this point
is always unique and I take it to be the equilibrium of the game.””

I compute the deadweight loss (DWL) as the difference between realized welfare
and welfare under symmetric information (in which case it is clear that all individuals
purchase the most generous insurance contract available).

561 think the authors for generously allowing me to use these results.
5TFor additional discussion regarding the existing of Riley and Wilson equilibria, see HHW.
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Figure 23: CR policy when the high-cost consumer subset has greater adverse selection.

D4 Differences across consumer sets

Since, i captures the log-mean-cost in each consumer subset, it will determine which
set is “high-cost” and “low-cost.” Let the log-mean of x in set m be (i, and let the
log-correlation be p,.

I consider two consumer sets, m € {A, B}. The log-mean of 4 in set m is fi,,. set B
will correspond to the HHW estimates, whereas set. set A is the “high-cost” market,
and therefore iy = 1.044ip.

For computational simplicity, I impose that p4 follows a linear path from p to p%.
That is, for x € (0,1), I impose pa = (1 — x) p’, + xp. Therefore, x = 1 corresponds
to full CR, whereas x = 0 corresponds to full PD. Then, given py4, I compute the
level of pp at which the industry breaks even across both sets. I find the value of pp
that minimizes ¢ (pg) = |74 (pa) + 75 (pp)|| . For all cases under study, ¢ (pp) has a
unique minimum. At each level of pp, I compute the deadweight loss (DWL) as the
difference between realized welfare and the first-best welfare.

D5 1 product (x; = 0)

I begin by assuming that there is a single product, so z;, = 0. Figure 23 considers the
case in which p4 = 1.3pp, so the high-cost set has greater adverse selection. Therefore,
CR is likely to outperform PD in this case. Full PD leads to an 8% increase in total
DWL, relative to CR. However, full CR is not optimal: allowing a small amount of PD
achieves a reduction in DWL of 0.4% relative to full CR.
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Figure 24: An intermediate constraint on PD when the high-cost set has less significant
adverse selection.

Figure 24 considers the case in which p4 = 0.6pp. The high-cost subset now has
less significant adverse selection. In this case, full PD achieves a reduction in DWL
of about 4.2% relative to full CR. However, full PD is not the optimal policy. A small
constraint on price differences reduces DWL by 2.3% relative to full PD.

D6 2 products

Now, I assume z;, = 0.6, following HHW. I consider the same combinations of ti,
and pp, as above. I impose that the prices in set A change linearly from their CR
level to its PD level. That is, for x € (0,1), Iimpose pga = (1 — x) pj;4 + xpaa and
pra = (1 — x) p; 4+ xpra- Then, I compute the prices in set B, at which each contract
(H and L) breaks even across both sets. In practice, I choose the pair (pyp,prp) that
minimize

max (|7 a (A, PLA) + TaB (PuB, PLB)| : |ITLA (PHA, PLA) + 7B (PHB,PLB)]|] -

Again, this function has a unique maximum in the region of prices that I considered.
The results trace a smooth path between the PD and CR prices for set B, as shown
below.

Figure 25 considers the case where the high-cost set (A) also has greater adverse
selection (pa > pp). In this case, it is expected that CR can be beneficial. Full PD
results in approximately the same amount of DWL as full CR. However, the optimal
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constraint on PD achieves a reduction in DWL of about 7%.
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Figure 25: An intermediate constraint on PD when the high-cost set has greater
adverse selection.

Figure 26 considers the case where the high-cost consumer subset A has less signif-
icant adverse selection (pg > pa). In this case, full PD achieves a reduction in DWL
of about 6.5% relative to full CR. However, the optimal intermediate level of price
constraint achieves a reduction in DWL of about 1% relative to full PD.
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Figure 26: An intermediate constraint on PD.
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