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Abstract

Reclassification risk is a major concern in health insurance. Regulation, like the
ACA, prescribes community rating to contend with reclassification risk. However,
community rating comes at the cost of adverse selection. We use a rich data set
with individual-level information on health risk to empirically study an alternative
solution: dynamic contracts. We compare equilibria under four contractual arrange-
ments: (i) spot contracts, (ii) first-best long-run contracts with two-sided commitment,
(iii) long-term contracts with one-sided commitment, and (iv) ACA-like markets with
spot contracts and community rating. Empirically, dynamic contracts with one-sided
commitment deliver a substantial welfare gain over spot contracts by attenuating re-
classification risk. Dynamic contracts achieve close to the first-best for consumers
with flat net income paths who are willing to front-load payments to facilitate long-
run insurance. Consumers with steeper net income growth over their lifetimes prefer

community rating over dynamic contracts.

1 Introduction

Consumers face substantial health risks over their lifetime. Much of this risk involves
the development of conditions, such as diabetes, heart disease, and cancer, that lead to

higher expected medical expenses over significant periods of time. This fact can expose
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individuals who buy short-term insurance coverage to substantial premium increases — so-
called “reclassification risk” — greatly reducing the extent to which their health risks are
insured.

The state-by-state health insurance exchanges set up under the Affordable Care Act
(ACA), and many similar markets worldwide, respond to this problem through pricing
regulations that enforce community rating and guaranteed issuance, thereby prohibiting dis-
crimination against consumers who have developed “pre-existing conditions.” Unfortunately,
while such bans can eliminate reclassification risk, requiring identical pricing for consumers
with different ex ante risk levels can create adverse selection, leading to under-provision of
insurance [Handel, Hendel and Whinston (2015), Patel and Pauly (2002)].

In this paper, we explore the extent to which long-term contracts, without pricing regu-
lation, could offer a way to reduce reclassification risk without incurring welfare losses from
adverse selection. Specifically, we characterize optimal long-term contracts theoretically,
and then use data on the preferences, income paths, and health transitions of a population
of employees at a large firm to assess the welfare achievable through long-term contracts,
and compare it to other possible approaches, such as the annual contracts with community
rating present in the ACA.

We model the insurance contracting problem as one of symmetric learning as in Harris
and Holmstrom (1983), who study labor markets, and Hendel and Lizzeri (2003), who study
life insurance markets. In the model, consumers seek to insure against negative health shocks
over their lifetimes. Consumers and insurers symmetrically learn those shocks over time. If
only spot contracts are available, risk-averse consumers fully insure within-period risk but
premiums reflect the information revealed over time, implying that consumers fully bear
the risk of persistent health shocks. If both consumers and firms can commit to long-term
contracts ex ante, prior to information revelation, then the efficient (first-best) allocation,
which involves full insurance, is possible. However, in practice, consumer commitment over a
long time horizon is unlikely.! As a result, the empirically relevant contracting environment
is likely one with one-sided commitment on the part of insurers, which we assume to be the
case. We assume as well the presence of capital market imperfections preventing consumers
from borrowing, due for example to a lack of collateral.? As shown in Harris and Holmstrom
(1983) and Hendel and Lizzeri (2003), the competitive equilibrium in markets with one-sided

commitment only partially insures reclassification risk.

!See, for example, the discussions in Diamond (1992), Cochrane (1995), and Pauly, Kunreuther, and
Hirth (1995).

2Were consumers able to borrow freely, the first best could be achieved by having consumers pay all
premia up front.



We show theoretically that optimal unilateral commitment contracts offer consumers a
minimum guaranteed consumption level over time, as a function of their risk preferences and
income paths. This minimal guarantee is bumped up to a new level within a contract when
necessary to meet competitive offers from other insurers. The improved terms are necessary
to ensure that consumers won’t leave the long-term contract after receiving a positive shock.
These consumption floors are the counterpart of the downwardly rigid wages in Harris and
Holmstrom (1983), whose model we generalize and apply to the context of health insurance.
As there, optimal contracts involve “front-loading” — here premium payments in excess of
expected medical costs — to lock consumers into the contract and allow insurers to both
break even and offer insurance against reclassification risk. We also show that these optimal
contracts — when expressed as guaranteed renewable premium paths over time — are self-
selective, in the sense that consumers with different lifetime income paths prefer the contracts
designed for them.

We apply this model empirically using an individual-level panel data set on the medical
claims of the employees (and their dependents) of a large firm. The key data are diagnostic
codes of each individual in the sample, which we combine with professional software designed
to predict future medical expenditures to produce a measure of an individual’s health status.
We thus observe the medical expense risk that consumers face within the typical one-year
span of health insurance contracts. (Notably, we know the same information insurers use at
underwriting.) A key ingredient to study dynamic contracts is the stochastic process that
determines the evolution of health. Because we have multiple observations of individuals’
health status we are able to estimate a long-run health status transition process that captures
how this risk evolves over time. We use risk preference estimates from Handel, Hendel, and
Whinston (2015), identified based on the insurance choices in these data, to assess consumers’
preferences for consumption smoothing.

We first compute optimal contracts with one-sided insurer commitment using our data, to
examine the premiums and the extent of front-loading associated with these contracts. For
consumers with flat net income over time (“net income” is income minus expected medical
costs), a healthy consumer at age 25 pays a premium of $2,750 despite expected costs of
only $1,131 in that year. The extent of front-loading is inverted U-shaped: with medium
risks front-loading the most. This occurs because the extent of front-loading at any point
in time depends on both the current health state and the implications of that current state
for future states (measured through our estimated health status transition matrix). Good
health draws can afford the front-loading better, while bad draws benefit more from the
future promises front-loading buys. The extent of front-loading is substantial. Over the

first ten years of these long-term contracts, the average consumer contributes $21,209 extra



through front-loading, in order to fund long-term insurance against health shocks leading to
reclassification risk.

We also examine the structure of these contracts as a function of consumers’ expected in-
come paths. In addition to the case of flat net income, we use the income paths of managers
at the firm to represent steeply increasing net income, the income paths of non-managers
to reflect rising but flatter income paths, and we also consider teh case of a “downscaled
manager” whose lifetime income path is proportionately scaled down from that of a manager
to generate the same present discounted value as that of a non-manager. Downscaled man-
agers, for example, with steeper income growth, have equilibrium contracts with noticeably
lower front-loading than for the case of flat net income: for example, a manager in perfect
health at age 25 front-loads only $547 in that year, over $1,000 lower than the $1,619 that
a consumer with flat net income front-loads at that same age and health state. This fea-
ture holds in general: conditional on age and health state, managers front-load much less
early in the contract, primarily because their marginal value of incremental income is much
higher in those periods than later in life, when their incomes are much higher. Thus, their
income growth over time limits their desire to insure future health risks with current income.
Nonetheless, managers’ contracts still exhibit substantial consumption guarantees that pro-
tect against the risks of their health status worsening over time. The primary difference
relative to flatter income paths is that the consumption guarantees of managers are lower,
due to the lower degree of front-loading.

We then consider the welfare effects of these long-term contracts. Our welfare analysis
compares the lifetime certainty equivalent achievable by optimal dynamic contracts with one-
sided commitment to that of following outcomes: (i) the first best (equivalent to long-term
contracts with two-sided commitment), (ii) spot contracts, (iii) full within-period insurance
but without intertemporal transfers (i.e., borrowing or saving), which eliminates reclassifi-
cation risk but offers no consumption smoothing, and (iv) ACA-style exchanges with spot
contracts and community-rating [as studied in Handel, Hendel, and Whinston (2015)]. We
consider welfare outcomes for the four different income paths described above: (1) flat net
income, (2) non-manager income, (3) manager income, and (4) “downscaled” managers.

We investigate first the welfare loss from a market with only year-to-year spot contracts
(and no community rating). Spot contracts result in a welfare loss between 14% and 40%
relative to the first best, depending on the income profile, with larger losses for consumers
with steeper income paths. Part of these losses come from the inability of spot contracts to
smooth consumption over time. Since our interest is insurance, not consumption smoothing,
we also use as a benchmark contracts that offer full insurance with premiums at each age
equal to the average medical expenses of that age group [outcome (iii) listed above|. These

contracts offer full insurance, without allowing consumption smoothing over time. Relative



to this alternative benchmark, we find that spot contracts imply a 10% to 14% welfare loss,
representing the loss from being unable to insure reclassification risk.

We then assess the performance of optimal dynamic contracts with one-sided commit-
ment. We find that, for consumers with flat net income, these dynamic contracts achieve
close to the first best, closing 87.7% of the welfare gap between spot contracts and two-sided
commitment. However, for steeper income profiles, optimal dynamic contracts bridge much
less of this gap. For example, for downscaled managers, optimal dynamic contracts with
one-sided commitment bridge only 10.8% of this welfare gap. They perform somewhat bet-
ter relative to the case of full insurance with no consumption smoothing, closing 38% of the
welfare loss suffered by a downscaled manager due to spot contracts.

We compare as well optimal dynamic contracts with one-sided commitment to ACA-like
market regulation with spot contracts and community rating, where price discrimination is
prohibited and consumers are mandated to purchase one of several levels of coverage. In
ACA-like markets, community-rating fully insures reclassification risk, but creates adverse
selection [studied in Handel, Hendel, and Whinston (2015)] leading to a welfare loss between
2% and 6% relative to the first best, depending on the income path considered. This welfare
loss occurs because consumers’ within-period event insurance unravels to the minimum al-
lowable coverage of 60% actuarial value in equilibrium. Interestingly, we find that whether
the ACA-like market is preferred from a welfare perspective depends on the income paths
we consider. For rising income paths (non-managers, managers, and downscaled managers)
the ACA-like environment does better than dynamic contracts, but for consumers with flat
net income paths, dynamic contracts are preferred. Intuitively, the ACA-like environment is
better for individuals who find front-loading costly.

We also explore several robustness checks and extensions. First, we explore the role that
risk aversion plays in our analysis, and specifically focus on the case in which risk aversion is
one-fifth the magnitude as what we estimated in our empirical context. Reduced risk aversion
limits the extent of surplus that is lost via either spot contracts or dynamic contracts, but,
ultimately, the intuition of how dynamic contracting gains relate to income profiles remains
the same. Second, we consider the effects of switching costs, as estimated in Handel (2013).
By improving consumers’ commitment to their current insurer, these costs can improve the
insurance of reclassification risk. We find that a switching cost in the range of $5,000
eliminates most of the reclassification risk, increasing the welfare dynamic contracts deliver
to the range of full insurance without consumption smoothing and above what we find for
the ACA. Third, we examine the welfare optimal dynamic contracts deliver to consumers
who arrive at age 25 in different health states. We find that consumers who are in poor
initial health are significantly disadvantaged relative to how they do in alternative market

designs, a fact that suggests the desirability of providing some form of insurance for this



risk if contracting does not occur until age 25. Insuring this pre-age 25 health risk would
create a significant improvement in the gain of otimal dynamic contracts over spot contracts.
Noenhteless, even with such insurance, optimal dynamic contracts (absent switching costs)
perform worse than the ACA for the rising income paths we consider.

We are not the first to consider the use of long-term contracts as a means of addressing
reclassification risk in insurance markets. Long-term contracts have been explored in life
insurance markets by Hendel and Lizzeri (2003) who document that long-term life-insurance
contracts involve front-loaded premiums, as the theory of optimal contracts with one-sided
commitment predicts. Finkelstein, McGarry and Sufi (2005) study positive implications of
dynamic contracting in the context of long-term care markets, and show evidence of adverse
retention, namely that healthier consumers lapse from contracts over time, leading to high
average costs from those consumers that remain.?

In the context of health insurance, Pauly, Kunreuther, and Hirth (1995) and Cochrane
(1995) provide theoretical discussions of schemes to address reclassification risk. Pauly,
Kunreuther, and Hirth (1995) focus on guaranteed renewable contracts that ensure that
an insured can renew future coverage at the same rates that the healthiest possible type
would pay, while Cochrane (1995) proposes the use of “premium insurance” as a means
of insuring against long-term negative shocks to health. We discuss both of these ideas,
and their relation to our optimal contracts, in Section 8. Closest to our approach here is
Herring and Pauly (2006), who conduct an empirical calibration of the Pauly, Kunreuther
and Hirth (1995) model, using data from the Medical Expenditure Panel Survey (MEPS).
After deriving the guaranteed renewable contract they compare its time path of premiums
to the average premiums paid by age in the MEPS data. Compared to our analysis, they
place a much simpler structure on the evolution of health and possible health states, and
don’t derive optimal contracts that take account of consumption-smoothing concerns.

One-sided dynamic health insurance contracts are offered in several countries, including
Germany and Chile. Browne and Hoffmann (2013) study the German private health insur-
ance (PHI) market and demonstrate that (i) front-loading of premiums generates lock-in of
consumers, (ii) more front-loading is associated with lower lapsation, and (iii) consumers
that lapse are healthier than those who do not. Atal (2016) studies the impact of lock-
in to an insurance plan on the matching between individuals and health care providers in

Chile.* Compared to all of this previous work on long-term health insurance contracts, our

3 Abramitzky (2010) applies a similar model to understand the evolution and existence of the kibbutz as
an institution.

4Bundorf, Levin, and Mahoney (2012) investigate the implications of reclassification risk in a large-
employer context in a short-run environment. See Hendel (2016) for a survey of the literature on reclassifi-
cation risk.



work is unique in using data to derive optimal contracts with one-sided commitment, and in
assessing the welfare impacts of these contracts.

The rest of the paper proceeds as follows. Section 2 presents our model and its equilibrium
implications. Section 3 presents the data we use to quantify the positive and normative
implications of different market designs. Section 4 briefly discusses computation. Section 5
presents our main positive and normative results. Section 6 discusses extensions. Section 7
discusses the relation of our work to that of Pauly, Kunreuther, and Hirth (1995) [and, by
extension, Herring and Pauly (2006)] and Cochrane (1995). Section 8 concludes.

2 Model of Dynamic Insurance

We consider a dynamic insurance problem 7' periods long, with periods indexed t = 1,...T".
In the empirical analysis, periods represent years, with ¢ = 1 corresponding to a 25-year old,
and T" = 40 corresponding to a 65-year old, when Medicare coverage would begin in the U.S.

A consumer enters each period t characterized by her health state \; € A, with greater
¢ indicating sicker individuals. The consumer’s initial health state is A\;. For periods
t < T, state \; determines both the distribution of period ¢ medical expenses, m;, and the
transition probabilities to the period ¢ + 1 health state A\;;1, according to the joint density
f:(me, Adey1|A\e). We denote by f,(M\r41|\:) the marginal conditional density of A, ;. As future
health is not relevant for the period 7' insurance problem, we need only specify the density
fr(mp|Ar).?

An individual’s health state )\; is observed by both the individual and all insurance firms,
namely, there is symmetric information and symmetric learning. We make the following

assumptions concerning the stochastic health process, which we later verify empirically:

Assumption A1l E[m;|)\] is strictly increasing in \;.

Assumption A2 If X, > )\, then f,(A\;1|\;) first-order stochastically dominates f,(As1|A¢).

Assumption Al says that the state \; captures the consumer’s period ¢ health: larger \;
implies greater period t expected medical expenses. Assumption A2 says that being in worse
health in period ¢t implies that the consumer’s health state in period ¢ 4+ 1 will be worse, in

the sense of first-order stochastic dominance.

SIncorporating health-dependent income is straightforward. We can allow for a link between different
health states and income by allowing for an additional expense associated with the state. Equilibrium
contracts would be determined in the same way as we describe below.

6Qur assumption that all insurers have access to the same information would apply, for example, in
cases in which there are all-payers claims databases. If, instead, an individual’s current insurer had better
information than other firms, prospective insurers would face an adverse selection problem when attempting
to attract lapsing consumers. See, for example, DeGaridel-Thoron (2005).
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We assume that the insurance market is perfectly competitive, with risk-neutral firms
who discount future cash flows using the discount factor § € (0,1). Consumer preferences
for consumption each period are described by u(-), the consumer’s Bernoulli utility function.
A consumer’s long-run utility is E[ Y, 6'u(c;)], where ¢; € R is the consumer’s period ¢ con-
sumption level. Throughout, we assume that «'(-) > 0 and that «”(-) < 0, which motivates
the consumer’s desire for insurance. The consumer’s income in period t is 1;, and evolves
deterministically.” Throughout we assume that consumers are unable to borrow to fund

premium payments or other expenses.

2.1 Three Benchmarks

We will compare optimal dynamic contracts with one-sided commitment against three nat-
ural benchmarks.® The first is the efficient, first-best allocation. In this setting, this outcome
involves a constant consumption in all states and periods, equal to the present discounted
value of the consumer’s “net income” from periods t = 1 to T' (where the “net income” in
period t equals period t income, 1, less the ex ante expectation of period ¢t medical expenses,

E[m|A1]). That is, it involves the constant consumption level

* 1-9 - t—1
o= (F5r) 0 B )

As is well known, if consumers and insurance firms could both commit to a long-term contract

at the start of period 1, the competitive outcome would yield this outcome.

At the opposite extreme, long-term contracts may be impossible, leading to single-period
“spot” insurance contracts. In a competitive market, such contracts will fully insure the
consumer’s within-period medical expense risks at a premium equal to E[my|)\;], the con-
sumer’s expected medical expense given her period ¢ health state \;,. This results in the
period ¢ consumption level y; — E[m;|\;]. Because the consumer’s period ¢ health state \; is
ex ante uncertain (given J\; ), this outcome faces the consumer with risk from an ex ante per-
spective. The consumer’s constant certainty equivalent of this uncertain consumption path

is the constant consumption level C' Espor such that

1—90
u(CEspor) = (1 - 5T) B

Z 5t_1“(yt - E[mt’)‘t]) (2)

"The model readily generalizes to stochastic income — possibly dependent on the consumer’s health state,
provided that Bly: — m|As] is strictly decreasing in A;.

8We also compare the outcome of optimal dynamic contracts with one-sided commitment to an ACA-like
exchange market institution.



Finally, in this dynamic setting both insurance and consumption smoothing over time
are needed to achieve the first best. Since we will focus on settings in which income is non-
decreasing over time and borrowing is impossible, another natural benchmark is the outcome
that would result if the consumer was fully insured within each period (eliminating all ex
ante risk) but resources could not be transferred over time. This certain but time-varying

consumption path results in the same welfare as the constant consumption level Cypyg
(“NBNS” = “No Borrowing/No Savings”) such that

* _ 1-9 t—1
u(Cypns) = (1 _ 5T> Z(S u(ye — E[my|A1])). (3)

2.2 Optimal Dynamic Contracts with One-Sided Commitment

We now turn to the setting in which competitive insurers can offer long-term contracts
that they, but not consumers, are committed to. We can view a long-term contract as
specifying the consumer’s period ¢ consumption level ¢; as a function of the consumer’s
publicly-observed health history up to period t, ht = [\, (my, Xao), ...(my¢, Aes1)].? (The in-
surer’s profit in the period then equals the consumer’s income 1; less the sum of period ¢
medical expenses and period ¢ consumption.) The lack of commitment by the consumer,
however, means that the consumer is free in each period to change to another insurer who
is offering the consumer better terms.

As in Harris and Holmstrom (1982), without loss of generality we can restrict attention
when solving for the optimal contract to contracts in which the consumer never has an
incentive to “lapse” in this way: since the new contract the consumer signs following history
h! must give her new insurer a non-negative expected discounted continuation profit, the
consumer’s initial insurer could include the same contract continuation in the initial insurance
contract and weakly increase its expected discounted profit (lapsation would yield the initial
insurer a continuation profit of zero). As a result, we can look for an optimal contract by
imposing “lapsation constraints” that require that after no history h' is it possible to offer
the consumer a alternative continuation contract that (i) itself prevents future lapsation, (ii)
breaks even in expectation, and (iii) gives the consumer a higher continuation utility than
in the original contract.

We take a recursive approach to solving this optimal contracting problem. At each date t,
we define the state to be the pair (), S;) where ), is the consumer’s current health state, and

S; is the loss that the insurer is allowed to sustain going forward (i.e., S; is the subsidy for

9This formulation assumes, for convenience, that the consumer cannot engage in hidden savings. While
we will make this assumption initially, in the end we show that under the optimal contract the consumer
has no desire to save.



future insurance). This is a convenient formulation for two reasons. First, after any history
ht, continuation of the original contract generates some expected utility to the consumer and
some expected loss S; to the insurer. A necessary condition for an optimal contract is that
it is not possible to increase the consumers’ continuation utility while keeping the insurer’s
loss equal to S;. So, the continuation of the contract must itself solve an optimal contracting
problem for an insurer who can sustain the loss S;. Second, the constraint that the contract
prevent lapsation can be viewed as saying that the consumer’s continuation utility starting
in any period ¢ when in health state )\; cannot be less than in an optimal contract offered
by an insurer who must break even, i.e., who has S; = 0.

Thus, we begin by considering the period T' contracting problem that arises when an

insurer faces a consumer in health state Ar and can sustain a loss of St:

maXey () Juler(mr))dEr(mr|Ar)

4
s.t. [ er(me)dEr(mr|Ar) < St + yr — Blmr|Ar]; vr @

In a long-term contract that breaks even overall, a positive subsidy S; > 0 is enabled by
previous front-loading of premiums — i.e., premiums that exceeded the insurer’s expected

medical expenses.'’

For the firm that initially contracted with the consumer in period 1,
St may be positive, while for firms seeking to induce the consumer to lapse and sign with
them, Sp = 0. We denote the value of this problem by Vy(Ar, St).

For periods t < T', we then consider the problem — whose value we denote by V;(A;, St)
— that arises if a firm faces a consumer in health state \; and can sustain, going forward, a

(discounted expected) loss of S;:
MaXe,(),811(-) JTu(ee(me, A1) + 0:Vegr (Aesa, Sera(me, Aegr))|dFy (mg, Adya | M)

st (1) f[ct(mta >\t+1) + 5St+1(mta >\t+1)]dFt(mta >\t+1|>\t> <S4y — E[mtlkt}
(ii) Vier (Mg, Ser1(mi, Ag1)) > Vigr1 (A, 0) for all (my, Ayq)
(5)
In this problem, the firm allocates resources to current consumption ¢ (-) and to supporting
future insurance through subsidies S;;1(+), both of which are functions of the period ¢ medical
expense realization m,; and continuation state A1 [as well as, implicitly, the state (A, S;)].
The first constraint is the break-even constraint for the firm going forward, including the
subsidy S; at the start of period t. The second constraint is the “lapsation constraint,” which

says that the consumer’s utility going forward can never fall below the utility V;i1(Asy1,0)

10Tn particular, if there is front loading prior to period T, then a contract that breaks even overall will
have E[S()\T)P\ﬂ > 0.
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that a rival insurer (who has no subsidy — i.e., who must break even) can provide. Since the
value that can be provided to the consumer is increasing in the subsidy, this constraint can
equivalently be written as Sy,1(my, A;r1) > 0 — i.e., the optimal contract can never involve
strictly positive discounted continuation profits (a negative “subsidy”) for the insurer, since
if it did a rival insurer could offer the consumer a greater continuation utility while still
earning a strictly positive expected discounted profit.

Our main result, which can be viewed as a generalization of Harris and Holmstrom (1982),
and which we establish in the Appendix, is:*!

Proposition 1 The equilibrium contract in a competitive market with one-sided commit-
ment for a consumer with income pathy = (y1, ..., yr) and who cannot borrow is characterized
by the consumption guarantees offered in the first period of a contract starting in period t
with health state Ay, ¢} (N\;). The consumer who agrees to a contract in period 1 is fully in-
sured against within-period medical expense risk, and enjoys in each period t following health
state history (A1, ..., \) the certain consumption max,<; c%(\;). The levels {c](\;)} lead the
wsurers to break even in expectation and consumers have no incentive to save after agreeing

to the contract.
Proof. In Appendix A. m

Proposition 1 says that the equilibrium contract with one-sided commitment can be
viewed as offering the consumer in period 1 an initial minimum guaranteed consumption
level ¢Y()\1). This minimal guarantee is bumped up in later periods ¢t > 1 to a new, higher
guarantee ¢ (\;) > (A1) to match the outside market whenever the consumer’s health state
A¢ is sufficiently good that an outside firm could offer a better contract (i.e., a higher con-
sumption guarantee) to the consumer and break even. The equilibrium contract provides
full within-period insurance for the consumer (i.e., consumption that is independent of m;),
and partial insurance against reclassification risk, as consumers who have experienced suf-
ficiently bad health states leading up to a given period ¢ [such that ¢%(\;) < ¢f()\;) for all
7 < t] all enjoy the same level of consumption regardless of differences in their health states.
The extent of this partial insurance is a function of the consumer’s initial health state \q,
income path y, and risk preferences, as well as the health state transition process. Since the
consumer’s consumption level is always weakly rising over time, the consumer never wishes

to save.

1 Aside from the change of context from labor markets to health insurance, our model generalizes Harris
and Holmstrom (1982) by allowing for more general stochastic medical expense and health state transition
processes. We also offer a recursive proof, show that the optimal contracts are self-selective (Section 2.3),
and introduce switching costs (Sections 2.4 and 6.2).
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The optimal contract in Proposition 1 specifies the consumer’s consumption levels and
prevents lapsation. Note, however, that the same outcome can alternatively be achieved by
means of a guaranteed renewable contract from which the consumer may lapse. Specifically,
the consumer is given the option to renew at the guaranteed renewable premium path p¥ =
(pY, ..., ) where p{ =y, — ¢{(\1) for t = 2,...T, provided that he/she has always renewed in
the past.'? With this contract, some consumers, who have a sufficiently good health state \;,
may choose not to renew in a given period ¢, instead signing a contract with a new insurer
that offers premium path p¥ = y, —cf()\;) for 7 > ¢, where ¢/ (\;) > ¢{(A1). Such lapses have
no effect on the profit of the consumer’s initial insurer as that firm was indifferent about

whether to match the outside offer.!3-14

2.3 Unobserved Income Profiles

The analysis above assumed that a consumer’s lifetime income path y = (y1, ..., yr) is known
by both the consumer and all insurers. In practice, this is unlikely to be the case. In
this subsection we show that insurers’ failure to possess this information does not pose an
obstacle to the use of optimal dynamic contracts. Specifically, we show that if offered the
optimal contracts derived above, presented as the guaranteed renewable premium contracts
described above, consumers will self-select, choosing the optimal contract for their income
path.!?

Specifically, define a “y-type” to be an individual with lifetime income path y = (y1, ..., yr).

We assume that there is a set Y of y-types in the market. As above, a guaranteed renewable

12This form of contract is the counterpart to the “Annual Renewable Term” life insurance contracts studied
in Hendel and Lizzeri (2003).

13We discuss in Section 8 the difference between this guaranteed renewable policy and that of Pauly,
Kunreuther, and Hirth (1995).

14The recursive formulation also makes clear that this equilibrium outcome can be achieved instead with
single-period contracts. A consumer in period 1 with health state A; could purchase a contract that covers
all period 1 medical expenses, and that in addition pays the consumer at the start of period 2 the amount
S5(my, A2) from the solution to problem (5) for ¢ = 1. The premium in period 1 would equal y; — ¢f(A1),
while the period 2 premium would equal y2 — max, <2 cX(A;) + 55 (m1, A2). This is exactly the amount that
is needed to buy a long-term policy in period 2 that offers the consumer a consumption guarantee equal to
max,<2 c¥(A;). Upon reaching period 2, however, the consumer could instead again buy a one-period policy
of this type, and could continue in this manner until period 7. [This approach to replicating a long-term
contract with a series of short-term contracts is reminiscent of Fudenberg et al. (1990), although our setting
is not captured in their model because of the presence of lapsation constraints and the consumer’s inability
to borrow.]

As noted in Cochrane (1995), such short-term contracts avoid the consumer being locked in to an insurer,
perhaps resulting in better insurer performance as well as better matching of insurers and consumers when
health care networks are bundled with insurance provision.

!5Note that contracts that instead present the optimal contracts as guaranteed consumption levels (as in
Proposition 1, would clearly not induce self-selection as consumers with low lifetime incomes would choose
contracts intended for consumers with high lifetime incomes.
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premium path is a p = (py, ..., pr) that allows the consumer to continue coverage in period
t paying premium p, provided that she has not previously lapsed. The optimal guaranteed
renewable contract for a given known y-type is, as above, denoted by the path p?, a path
that keeps consumption constant as income changes from year to year according to path

Yy = <y17 "'7yT)'
Our result is:

Proposition 2 If an insurer offers the menu of guaranteed premium paths {p¥}, ey, where
Y = {y: — (M)}, for each y-type in'Y, each y-type optimally chooses contract pY. That

is, the menu {p¥},ey is self-selective.

Proof. In Appendix B. m

2.4 Switching Costs

Recent evidence suggests that consumers may exhibit substantial inertia in their health
insurance choices [see, e.g., Handel (2013)]. In Section 6.2 we extend our analysis to consider
the effect of switching costs, modeled as creating a consumption loss of ¢ > 0 if the consumer
lapses and switches insurers. We show in Appendix A that the key change this introduces is
that the lapsation constraint in the period t problem (5) becomes Syy1(my, A1) > —o; that
is, the insurer can now earn positive discounted expected continuation profits up to o without
causing the consumer to lapse. Nonetheless, the basic structure of an optimal contract
is unchanged when switching costs are present, again involving consumption guarantees.
Switching costs simply allow those guarantees to be greater because healthy consumers
are less likely to need to receive a premium reduction (consumption increase) to prevent

lapsation, enabling a greater shift of resources from healthy to unhealthy states.

3 Data and Parameter Estimates

We investigate positive and normative outcomes for each type of contracting relationship. To
predict equilibrium contracts and welfare under each regime we need four basic ingredients:
i. the distribution of health risks for each population cohort, ii. the transitions across health
risks (states) as individuals age, iii. preferences towards risk, and iv. income paths.

We use detailed administrative data on the health insurance choices and medical utiliza-
tion of employees (and their dependents) at a large U.S.-based firm over the period 2004
to 2009. These proprietary panel data include information on employee plan choices, and
detailed, claim-level employee (and dependent) medical expenditure and utilization informa-

tion. Overall, the data include 11,253 employees and 9,710 dependents, implying a total of
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20,963 covered lives. For more information and descriptives statistics see Handel, Hendel
and Whinston (2015).

The sample used in our analysis includes individuals between the ages of 25 and 65 who
are present over a given two-year period in our data (two years are needed to estimate health
state transitions for those individuals). The sample displays ages close to uniformly spread
between 25 and 65, is 45% male, and has incomes dispersed over the full range we can
measure from Tier 1 (less than $41,000) to Tier 5 (greater than $176,000).

The most essential part of the data is the available information on diagnostics (ICD-9
codes) of each individual in the sample. The diagnostic codes as well as other demograph-
ics are fed into the ACG software developed at Johns Hopkins Medical School to create
individual-level measures of predicted expected medical expenses for the upcoming year rel-
ative to the mean of the population.'® The output is an index that represents the health
state of each individual in the population. Since the ACG is used by insurers in their under-
writing processes, our empirics are based on the same information about risks that market

participants (insurers) have.!”

3.1 Health Risk Distribution

We denote the ACG index by A and we refer to \;; as individual ¢’s “health state” at time
t. As the ACG score measures expected medical expenses, Assumption 1 in the previous
section holds by construction, though we verify that the higher predicted expenditures do
imply higher actual expenditures and vice-versa.

The distribution of \; for each age t represents the distribution of health state in each
population cohort. Table 1 presents the decomposition of health expenses between the
predictable component A, and the deviation around this expectation. The former reflects
heterogeneity and the potential source of reclassification risk, while the latter captures the
gains from spot insurance (conditional on \).'® For each age cohort, the first two columns
show the overall mean expense and the overall standard deviation around this mean. The last
two columns then decompose this standard deviation into the standard deviation of E[m|A]

and the average standard deviation of medical expenses around E[m|\|. The table illustrates

16We use the Johns Hopkins ACG (Adjusted Clinical Groups) Case-Mix System. It is one of the most
widely used and respected risk adjustment and predictive modeling packages in the health care sector,
specifically designed to use diagnostic claims data to predict future medical expenditures.

17This is one of the main advantages of our empirical strategy. Most of the literature on health insurance
estimates the distribution of risks from observed insurance choices and health outcomes. Instead our measure
of risk is based on professional diagnostics (the ACG index). The distribution of risk is data, as opposed to
being inferred from choice.

180ne of the market configurations we consider, the ACA, does not entail full event insurance. Computing
welfare without full event insurance requires as an input the distribution of health outcomes (expenses)
conditional on risk type, rather than just its mean. See Handel, Hendel, and Whinston (2015).
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Sample Total Health Expenditure Statistics

Ages Mean S.D.  S.D.of E[m|\] S.D. around E[m|A]
All 6,099 13,859 6,798 9,228

25-30 3,112 9,069 4,918 5,017

30-35 3,766 10,186 5,473 5,806

35-40 4,219 10,753 5,304 6,751

40-45 0,076 12,008 5,942 7,789

45-50 6,370 14,095 6,874 9,670

50-55 7,394 15,315 7,116 11,092

55-60 9,175 17,165 7,414 13,393

60-65 10,236 18,057 7,619 14,366

Table 1: Sample statistics for total health expenditures for (i) the entire sample used in our
equilibrium analysis and (ii) 5-year age buckets within that sample. “Mean” column reports
the average medical cost for the relevant group; “S.D.” reports its standard deviation; “S.D.
of E[m|\]” and “S.D. around E[m|\]” columns decompose the overall standard deviation
into the parts related to the observable health state and the residual variation.

that both within-period insurance for expenditure risk and longer-run insurance for health
state transitions are important aspects of consumer risk protection in this market. The large
standard deviation in E[m|\] conditional on age suggests that there could be significant
reclassification risk in spot contracting environments, as well as well as meaningful adverse
selection if community rating is introduced (as under the Affordable Care Act), something
that is shown in Handel, Hendel, and Whinston (2015)."

3.2 Health State Transitions

The second key input into our empirical analysis are the health state transitions over time.
Once we have \; for every individual in the sample, we estimate the probabilistic health
state transition process as follows. First, we divide the A into seven mutually exclusive and
exhaustive bins that each contain one-seventh of the final sample. Table 2 presents the
proportion of individuals in each age group in each of these seven health state categories.
We then compute a separate transition matrix for each five-year age group (e.g., transitions

within cohort 25-30) using the actual transitions of consumers within each age range. We

9Tn Handel, Hendel, and Whinston (2015) we analyze risk-adjustment transfers designed to mitigate
adverse selection in markets with community rating, such as the state-based ACA exchanges. As shown in
Brown et al. (2014), in practice these policies have helped mitigate adverse selection, but not eliminated it
as a problem.
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Health State by Age

Age 1 (Healthy) 2 3 4 5 6 7 (Sick)
25-30 0.49 0.19 0.14 0.07 0.04 0.03 0.04
30-35 0.41 0.18 0.13 0.08 0.06 0.06 0.07
35-40 0.27 0.30 0.13 0.06 0.09 0.07 0.09
40-45 0.19 0.28 0.16 0.09 0.12 0.08 0.10
45-50 0.01 0.15 0.32 0.15 0.13 0.12 0.12
50-55 0.00 0.10 0.25 0.19 0.15 0.16 0.15
55-60 0.00 0.01 0.01 0.25 0.24 0.28 0.22
60-65 0.00 0.00 0.00 0.18 0.24 0.26 0.31

Table 2: Health state by age, where consumers are divided into 7 bins of their predicted
medical spending (determined by their Johns Hopkins ACG predictive score) for the year
ahead.

limit the partition of the health space to seven bins, and the age groups to five-year bins,
to guarantee meaningful support to estimate each probability in these transition matrices.
We use the eight 7-by-7 transition matrices for the five-year age bins from 25-65 as the
foundation for modeling health state persistence and transitions over time.

The advantage of computing transitions of ACG scores as opposed to medical expense
transitions is that the ACG is based on persistent diagnostics. A broken arm probably
does not affect significantly future medical expense realizations while asthma does. In other
words, the ACG eliminates temporary expenses from the forecast of future expenses.?’

Tables 3 and 4 present these transition matrices for ages 30-35 and 50-55 respectively.
Entries along the diagonal of each matrix reflect health state persistence, while off-diagonal
elements reflect health state changes. For example, 72% of consumers aged 30-35 who are
in the healthiest state bin in one year (A\; = 1) are estimated to stay in that category for
the next year. Only 11% of these consumers begin the next year in one of the four sickest
bins (A € {4,5,6,7}). On the other hand, 57% of consumers who begin the first year in
the sickest health state bin (A\; = 7) begin the next year in one of the two sickest bins
(Aix € {6,7}). Though the distributions of health are different for 50-55 year olds, health
states show similar persistence.

The persistence embodied in these health state transitions is illustrated in Tables 5 and
6. Table 5 shows the net present value of expected medical expenses starting at age 30
for consumers in different health states at age 30. Table 6 shows the same for consumers
starting at age 45. The tables show that while there is significant persistence, much of it is

dissipated in 10 years, and to a large extent after 5 years.?!

20 Admittedly, by defining transitions over ACGs we may miss potential information on what condition led
to the current ACG index that could entail different persistence.
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Health State by Age

N
A 1 2 3 4 bt 6 7
A =1 0.72 0.13 0.05 0.05 0.02 0.01 0.03
At =2 0.35 0.25 0.12 0.11 0.04 0.03 0.11
A =3 0.15 0.23 0.19 0.15 0.10 0.08 0.10
A =4 0.20 0.08 0.12 0.24 0.18 0.12 0.08
At =5 0.10 0.10 0.05 0.20 0.20 0.20 0.15
A =6 0.16 0.11 0.14 0.11 0.08 0.22 0.19
A =T 0.11 0.11 0.07 0.04 0.11 0.20 0.37
Table 3: Health state transitions from one year to the next, for 30-35 year olds.
Health State by Age
At+1
A 1 2 3 4 5 6 7

A =1 0.67 0.15 0.10 0.02 0.02 0.01 0.03
At =2 0.25 0.37 0.20 0.09 0.04 0.02 0.04
A =3 0.09 0.21 0.21 0.20 0.12 0.10 0.08
N =14 0.10 0.19 0.26 0.12 0.10 0.19 0.05
At =5 0.09 0.19 0.14 0.15 0.10 0.19 0.15
At =6 0.00 0.09 0.13 0.09 0.19 0.23 0.28
A =7 0.03 0.10 0.10 0.10 0.21 0.16 0.29

Table 4: Health state transitions from one year to the next, for 50-55 year olds.
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Age 30 | Present value of expected expenses
health at various ages
state | 30 | 31-35 | 36-40 | 31-65

1 1,131 | 16,888 | 20,066 | 135,132
2,290 | 22,184 | 20,482 | 140,884
3,780 | 25,155 | 20,761 | 144,159
3,975 | 25,752 | 20,810 | 144,809
5,850 | 29,228 | 20,960 | 148,450
10,655 | 28,854 | 20,853 | 147,950
18,554 | 33,366 | 20,988 | 152,618

| S| O = | W[ DN

Table 5: The table shows present value of expected health expenses for different periods
(age 30, ages 31 to 35, ages 36-40 and 31 to 65), for an individual who at age 30 was in the
respective health state.

Age 40 | Present value of expected expenses
health at various ages
state | 40 | 41-45 | 46-50 | 41-65

1 1,131 | 19,587 | 24,317 | 119,397
2,290 | 23,827 | 24,753 | 124,126
3,780 | 28,023 | 25,096 | 128,705
3,975 | 28,993 | 25,127 | 129,710
5,850 | 30,851 | 25,236 | 131,690
10,655 | 33,376 | 25,316 | 134,304
18,554 | 38,403 | 25,552 | 139,532

| O T | W[ N

Table 6: The table shows present value of expected health expenses for different periods
(age 40, ages 41 to 45, ages 46-50 and 41 to 65), for an individual who at age 40 was in the
respective health state.

3.3 Risk Preferences

The final ingredient is consumer’s risk aversion, i.e., the degree to which consumption
smoothing over different states of the world is valued by consumers. To this end, we use the
risk preferences estimated from our data in Handel, Hendel, and Whinston (2015). There
we estimate a panel discrete choice model where risk aversion is identified by the choices
that households make conditional on their household-specific health expenditure risk for the

upcoming year. Consumers have constant absolute risk aversion (CARA) preferences:

21Tn Appendix C we examine how the level of health state persistence affects welfare under optimal dynamic
contracts relative to our benchmarks. Two points to note are: (i) reclassification risk is still present even
when there is no persistence in the transitions of A, since A;11 is observed in period ¢ (in a sense, there is
always at least one-year of persistence of information regarding health risks), and (ii) with perfect persistence
of A there is no benefit from optimal dynamic contracts with one-sided commitment as there would be no
reclassification risk to insure once a consumer’s age 25 health state is realized.
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— 1 —"c

u(c) = e (6)
where ¢ = y — p — m is consumption, which equals income net of health expenses (premium
payments p plus out-of-pocket medical expenses m) and « is the risk aversion parameter.??
Handel, Hendel, and Whinston (2015) estimate the distribution of ~ which fits the ob-
served choices, given the choice sets available each year of the sample. The mean estimated
risk-aversion level is 0.000428 and the standard deviation in this mean from observed hetero-
geneity is 0.00001. The estimates fall within the range reported in the literature. See Handel,

Hendel, and Whinston (2015) for further discussion of these risk preference estimates.
In the next sections we use the median risk aversion estimate v = 0.0004. We also
consider the robustness of our conclusions with respect to the degree of risk aversion in

Section 6.1.

3.4 Income Paths

The shape of the optimal contract depends on a consumer’s income path. Firms offer different
contracts to consumers with different income paths to maximize their lifetime expected
utilities conditional on breaking-even and the lapsation constraint. In our analysis, we
consider the income paths of managers at the firm which are steepest, those of non-managers
which are flatter, and a baseline of a completely flat net income path.?® The latter neutralizes
consumption smoothing motives, as individuals with flat net income do not want to use the
contract as a mechanism to borrow or save, unlike consumers with increasing or decreasing
income profiles over time. The manager income path is the steepest and highest dashed
curve depicted in Figure 1, while non-managers’ income path is represented by the flatter
curve comprised of dashes and dots. The bold dashed curve is a proportionally scaled-down
managers’ income path that makes the present value of lifetime income equal to that of a
non-manager (which facilitates certain comparative statics we present). The solid curve is a
flat net income path. As can be seen in the figure, both managers and non-managers have
income paths that grow more quickly than expected medical expenses, leading to steeper

paths than the flat net income curve.

22In the model, we assume that consumers have zero price elasticity of demand for health care services,
which is why full insurance is efficient in our setup. See Handel, Hendel, and Whinston (2015) for an extended
discussion of that assumption.

23The manager and non-manager income paths we use here are estimated in Handel, Hendel, and Whinston
(2015).
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Figure 1: Income paths for managers, non-managers, proportionally “downscaled” managers,
and flat net income.

4 Computation of Optimal Dynamic Contracts

Given estimated values of f(-) and u(-), income profile y, and a value for 0, we derive the
contracts described in Proposition 1 recursively. We first derive, for each possible A\, the
last period consumption levels ¢%.(Ar) = yr — E[mz|Ar] that would be offered to a consumer
in state Ay by competitive firms. We then look at each possible state Ay_ in period T'—1. We
find ¢/, (Ar_1) by doing a binary search over possible values for the consumption guarantee
cr_1, looking for the largest cr_; that generates non-negative profits for the insurer, taking
account of the fact that the consumer will lapse in period T' (or, if retained, yield the insurer
continuation profits of zero) in those states in which ¢%.(Ar) > ¢r—;.  We then continue
backward in this fashion, with the transition matrix being used to generate probabilities
that the consumer is in each possible state at each future date (which also generates the
probability that the consumer will have lapsed by that date).

More formally, for each period ¢, we denote by C} the (T'—t+1) x 7 matrix of first-period
consumption guarantees whose (7,s) element for 7 > t and s € {1,...,7} is (A, = ), a
consumption guarantee that breaks even given the future guarantees described in Proposition
1 (and, themselves, contained in CY, ;). We start at t = 7" where, as noted above, ¢}.(Ar =
s) = yr — Blmy|Ar = s]. This gives us C%. We then proceed iteratively backwards, deriving
C/ given CY,, and the transition probabilities. Specifically, C} adds an additional row to

CY,; each element (t,s) of this row is the consumption guarantee cf(\; = s). We derive
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¢/ (A = s) by doing a grid search to find the (unique) value ¢ such that

{ye = B(my|Ae = 5) — ¢} + { >0 tz - — B(m. A, = 2) — ¢ - PT(ZIAt,Ci’HyE)} =0,

T=t+1 Z=1

(7)
where P;(s|\;, Cf,4,€) is the probability that, starting in health state A\, = s in period ¢, the
health state transitions (Ari1, ..., A;) from period ¢ to period 7 are such that ¢},(\y) < € for
allt’ € {t+1,...,7}.2* The first term in curly brackets in (7) is the expected profit in period
t given the initial consumption guarantee ¢, while the second term in curly brackets (with
the summation signs) is the expected continuation profit and uses the fact that starting at
the first instance at which the consumer’s health state A, is such that c(\;) > ¢ (i.e., the
lapsation constraint binds), the insurer’s continuation payoff is zero. We continue in this
iterative manner until we have derived Cy, whose first row gives the initial consumption
guarantees offered in period 1 to consumers in each of the seven possible period 1 health

states.

5 Results

5.1 Front-loading and Reclassification Risk

We describe first the extent of front-loading in the equilibrium contracts, and then consider
the amount of remaining reclassification risk. We begin by considering the contract for a
population with flat net income (corresponding to the solid curve in Figure 1), an income
path that creates no borrowing or savings motive.

In our context, a contract specifies a premium and resulting consumption level for each
possible history of states at each age from 25 to 65. There are too many histories and
concurrent premiums to present: instead we focus on select attributes of the contract. First,
we look in detail at the early contract periods, which provide intuition for the form of the
equilibrium contract over longer time horizons. The first-period premiums, actuarial costs,
and front-loading are presented in Table 7. In all but the worst state, premiums are larger
than actuarial costs: consumers front-load premiums to transfer utility to future states with
negative health shocks (consumers in the worst state have no desire to transfer utility into
the future given their high current needs). For the healthiest consumer at the beginning of
the year, the premium is $2,750 despite average costs of only $1,131.

The extent of front-loading rises as the consumer’s health state worsens to bin 5 out of

7, and then declines to zero for the sickest bin of consumers (7 out of 7). The extent of

24These probabilities are computed using C} /.1 and the transition matrices.
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First-Year Equilibrium Contract Terms: Flat Net Income

A1
1 2 3 4 5 6 7
Premium 2,750 4,155 6,008 6,130 8,885 11,890 18,554
First-Year Costs 1,131 2,291 3,780 3,975 5850 10,655 18,554
Front-Loading 1,619 1,864 2,228 2155 3,035 1,235 0
Consumption 52,550 51,145 49,292 49,170 46,415 43,410 36,746

Table 7: First-year contract terms in the equilibrium long-run contract for a flat net income
path, showing first-year premiums, expected costs, the extent of contract front-loading, and
consumption levels.

front-loading depends on both the current state and also on the implications of the current
state for future health. While the healthier type can afford the most front-loading, she might
benefit the least. This is why maximum front-loading occurs for consumers in the middle of
the ex ante health range, rather than for the healthiest consumers. It is important to note
that front-loading in this example is not driven by saving motives, since net income is flat.
Front-loading is done to enable inter-temporal insurance against poor risk realizations.

Tables 8 and 9 present second-period premiums and consumption, respectively, reflecting
the 7 x 7 possible histories up through the beginning of that period (health state at the
beginning of period 1 crossed with health state at the beginning of period 2). Certain
patterns are indicative of the longer-run structure of the contract. First, second-period
premiums and consumptions display extensive pooling which takes place in states for which
the lapsation constraint is not binding. For example, if a consumer was in the healthiest
possible state in period 1, all other second-year states have the same consumption of $52,550,
an amount equal to her first-year consumption. The lapsation constraint does not bind for
this consumer when A\, > 1 because the first period front-loaded amount suffices to make
outside offers less attractive than the current consumption guarantee.

The lapsation constraint binds for more and more second-year states the sicker consumer
was at the start of the contract. For consumers initially in the sickest health bin (A, = 7), all
second-year health states involve different consumption levels that also differ from the period
1 consumption level: long-run contracts cannot provide any insurance against reclassification
risk in year 2 for this consumer as her first-year needs were so great as to preclude any front
loading. For this consumer, the long-run contract continuation in year 2 simply matches the
best contract she could get on the market given her second-year health state.

It is difficult to display premiums beyond the first couple of years, as there are 7' histories
to consider in year t. For example, by year 10 there are over 40 million histories. Table 10
shows statistics associated with premiums for the first ten contract years including the mean

and maximum front-loading across possible histories. Specifically, the table shows for each
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Second-Year Equilibrium Premiums: Flat Net Income First-Year

Ao Premium

A 1 2 3 4 5 6 7

1 2,943 3,300 3,300 3,300 3,300 3,300 3,300 2,750
2 2,943 4,302 4,705 4,705 4,705 4,705 4,705 4,155
3 2,943 4,302 6,090 6,206 6,558 6,558 6,558 6,008
4 2,943 4,302 6,090 6,206 6,680 6,680 6,680 6,130
5 2,943 4,302 6,090 6,206 8,955 9,434 9,434 8,885
6 2,943 4,302 6,090 6,206 8,955 11,919 12,440 11,890
7 2,943 4,302 6,090 6,206 8,955 11,919 18,554 18,554

Table 8: First- and second-year premiums in the equilibrium long-run contract for a flat net
income path, as a function of the period 1 and period 2 health states.

Second-Year Equilibrium Consumption: Flat Net Income First-Year
Ao Consumption

A 1 2 3 4 5 6 7

1 52,905 52,550 52,550 52,550 52,550 52,550 52,550 52,550
2 52,905 51,545 51,145 51,145 51,145 51,145 51,145 41,145
3 52,905 51,545 49,758 49,642 49,292 49,292 49,292 49,292
4 52,905 51,545 49,758 49,642 49,170 49,170 49,170 49,170
5 52,905 51,545 49,758 49,642 46,893 46,415 46,415 46,415
6 52,905 51,545 49,758 49,642 46,893 43,929 43,410 43,410
7 52,905 51,545 49,758 49,642 46,893 43,929 37,294 36,746

Table 9: First- and second-year consumption in the equilibrium long-run contract for a flat
net income path, as a function of the period 1 and period 2 health states.
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Second-Year Equilibrium Premiums

Contract Year
1 2 3 4 5 6 7 8 9 10
Mean Front-Loading 1,702 1,682 1,758 1,834 1,919 2,280 2,461 2,536 2,568 2,469
Max. Front-Loading 3,035 3,105 3,174 3,324 3,236 3,324 3,623 3,781 3,859 3,438

Table 10: Mean and maximum front-loading for each of the first ten years of the equilibrium
long-run contract.

First-Year Equilibrium Contract Term: Downscaled Managers

A1
1 2 3 4 5 6 7
Premium 1,678 3,165 5,256 5,449 8,245 11,593 18,554
First-Year Costs 1,131 2,291 3,780 3,975 5,850 10,655 18,554
Front-Loading 547 874 1,476 1,474 2,395 938 0
Consumption 32,022 30,635 28,244 28,061 25,255 21,907 14,946

Table 11: First-year contract terms in the equilibrium long-run contract for a downscaled
manager income path, showing first-year premium, expected costs, the extent of contract
front-loading, and consumption levels.

of the first ten years the mean front-loading (averaging across all possible histories, weighted
by the probability the histories). The second row shows the maximum possible front-loading
in each year, across these ten periods. Mean front-loading increases over time from $1,702

in year 1 to $2,469 in year 10. Maximum possible front-loading increases slightly over time.

5.2 Effects of Income Paths

The equilibrium contracts offered depend crucially on a consumer’s rate of income growth
over her lifetime. When income is relatively low early in life, front-loading is quite costly and
undesirable in the absence of well-functioning capital markets. In our analysis, “managers,”
who are higher-level employees, have steeper income paths as they age, relative to non-
managers, whose net income paths are flatter.

> and is

Table 11 presents first-period contract characteristics for “downscaled managers,’
the analog to Table 7 for flat net income. Recall that, as shown in Figure 1, a downscaled
manager income path proportionally scales down the income of a manager to match the
net present value of a non-manager’s lifetime income path. The table makes clear that
for downscaled managers, the extent of front-loading is much more limited than in the flat
net income case, which translates into less generous consumption guarantees later in life.

Essentially, the rapidly rising income makes paying extra for insurance early quite costly.
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Second-Year Equilibrium Premiums: Downscaled Managers First-Year

Ao Premium

A 1 2 3 4 5 6 7

1 1,699 3,204 3,524 3,524 3,524 3,524 3,524 1,678
2 1,699 3,204 5,011 5,011 5,011 5,011 5,011 3,165
3 1,699 3,204 5,289 5478 7,102 7,102 7,102 5,256
4 1,699 3,204 5,289 5478 7,295 7,295 7,295 5,449
5 1,699 3,204 5289 5478 8279 10,090 10,090 8,245
6 1,699 3,204 5,289 5478 8279 11,615 13,439 11,593
7 1,699 3,204 5,289 5478 8279 11,615 18,554 18,554

Table 12: First- and second-year premiums in the equilibrium long-run contract for a down-
scaled manager income path, as a function of the period 1 and period 2 health states.

Second-Year Equilibrium Consumption: Downscaled Managers First-Year
A2 Consumption

A 1 2 3 4 5 6 7

1 33,833 32,328 32,008 32,008 32,008 32,008 32,008 32,008
2 33,833 32,328 30,521 30,521 30,521 30,521 30,521 30,521
3 33,833 32,328 30,243 30,054 28,430 28,430 28,430 28,430
4 33,833 32,328 30,243 30,0564 28,237 28,237 28,237 28,237
5 33,833 32,328 30,243 30,054 27,253 25,441 25,441 25,441
6 33,833 32,328 30,243 30,054 27,253 23,917 22,093 22,093
7 33,833 32,328 30,243 30,054 27,253 23,917 16,978 15,132

Table 13: First- and second-year consumptions in the equilibrium long-run contract for a
downscaled manager income path, as a function of the period 1 and period 2 health states.

Tables 12 and 13 show second-year premiums and consumption levels for downscaled
managers as a function of different health histories. Though front-loading is much more
limited, the year 2 states in which the lapsation constraint binds, conditional on the initial

year 1 health state, are quite similar to those of consumers with flat net income profiles.

5.3 Welfare

We now turn to the welfare analysis of these dynamic contracts. We measure and compare the
welfare they achieve to several alternatives. For each market setup and potential income path
considered, we compute a lifetime certainty equivalent. The certainly equivalent represents
the constant consumption for the forty years of life from age 25 to 65 that makes the consumer

as well off as in a given market setup, ex ante.?’ Specifically, we compare the certainty

25 The consumer arrives at age 25 with the health distribution given in the first row of Table 2.
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equivalent of optimal dynamic contracts with one-sided commitment, denoted by CEp, to

(see Section 2.1 for formal definitions):

(i) The first-best, fully-smoothed consumption C*, which equates the marginal utility of
consumption across periods and states. This is the welfare achievable were long-term

contracts with two-sided commitment feasible.

(ii) The certainty equivalent from spot contracts that fully insure event risk in every period
and state, but leave reclassification risk across periods fully uninsured, denoted by
CEspor;

(iii) The constant consumption equivalent of the No Saving/No Borrowing constrained first

best, in which risk is fully insured in each period but no borrowing is possible, denoted
NBNS:

(iv) The certainty equivalent of an ACA-like market exchange, denoted C Esc 4.

We also compare optimal dynamic contracts with one-sided commitment to an alternative
market design used to cope with reclassification risk, ACA-like exchanges. These markets
have year-to-year contracts, but are community rated: they thus fully insure premium reclas-
sification risk, at the potential cost of adverse selection for within-year coverage. In Handel,
Hendel and Whinston (2015), adverse selection in this market is found to be substantial, as
it fully unravels with all consumers in minimum coverage (60%) plans in equilibrium.

We compute welfare under ACA-like regulation imposing (i) one-year contracts, (ii) com-
munity rating (no health-state based pricing allowed), (iii) age-based pricing, (iv) a fully
enforced mandate, requiring coverage purchase, and (v) insurers that offer coverage of spe-
cific actuarial values, with a minimum plan that covers 60% of spending for an average
population. As shown in Handel, Hendel, and Whinston (2015), this market eliminates re-
classification risk, but induces adverse selection that reduces within-period event insurance.
The market unravels to minimum coverage (60%). Insurees end up responsible for 40% of
their costs on average. Because of the partial coverage consumers face some future risk, not
from increased premiums, but rather from out-of-pocket expenses. We denote the certainty
equivalent of this outcome by C'E4c4. Notice that Cx zyg is the same as this ACA outcome
except that it provides 100% coverage rather than unraveling to 60%; the difference between
Clens and CE4cy4 therefore reflects the cost of adverse selection under the ACA.

To ease comparisons across different income paths, all profiles we consider have the same
net present value of income, except for the manager’s profile when it is not downscaled. In

the first best where consumers are fully insured and income is fully smoothed over time,
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all income paths (except managers without downscaling) receive a certainty equivalent of
$53,666 (reflecting the present value of income minus expected medical expenses).

Column (1) of Table 14 confirms C* is $53,666 for all income profiles (except for man-
agers). Column (2) shows welfare outcomes under spot contracts, with no protection for
reclassification risk. As column (6) shows, the gap between the two is highest for relatively
steep income profiles (69% for downscaled managers), as the negative shocks early in life in
spot markets are relatively more costly for individuals with rapid income growth. However,
the welfare loss from spot contracts is substantial even for flatter income profiles (16% for
flat net income).

Column (3) presents the certainty equivalent for dynamic contracts with one-sided com-
mitment, CEp. As expected C'Ep lies between C* and C'Espor. Column (7) shows the

fraction of the welfare gap between the first best and spot contracts that these dynamic con-

CEp—CEspor
C*~CEspor

reclassification risk and are quite close to first best: in the case of flat net income 87.7% of

tracts close, . For flatter income profiles, dynamic contracts almost fully insure
this gap is recovered by dynamic contracts. In contrast, since consumers with steeper income
profiles dislike front-loading, dynamic contracts only recover a small portion of this welfare
loss for steeper income profiles (10.8% for downscaled managers).

Column (4) shows CX 5y, the constant consumption equivalent of the constrained first-
best outcome that does not allow for intertemporal consumption smoothing. For situations

with rising net income, a more telling measure of the performance of dynamic contracts is

CEp—CFEspor 26
Clens—CEspor )
sumption smoothing from saving and borrowing that contracts with two-sided commitment

This statistic removes the benefits of con-

, which is shown in column (8)

deliver. This is potentially quite important, since saving and borrowing on their own can
greatly improve utility for steep net income paths. This statistic reflects the proportion of
the gap between spot contracting and the first best closed by optimal dynamic contracts
that is unrelated to smoothing consumption in the first best. The progress made by dy-
namic contracts relative to this constrained first best is a good deal higher than when using
C* as a benchmark. Dynamic contracts get downscaled managers 38.1% of the way to the
constrained first best, instead of 10.8%, and those with flat net income get 89.5% of the way
to the constrained first best. Nonetheless, the analysis makes clear that dynamic contracts
are quite effective when net income paths are fairly flat, but significantly less so with rising
income paths.

Comparing columns (3) and (5) in Table 14 reveals that the ACA environment is pre-

ferred to the dynamic contracting environment for non-managers, managers, and downscaled

26The fact that, for flat income, dynamic contracts (Cp) do better than C} g [see column (8)] is because
with flat income, which generates a declining net income path, the first best involves moving resources later
through savings, which is achievable with dynamic contracts, but not in the no-borrowing/no-savings regime.
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Certainty Equivalent ($1,000s) Gains from Long-term contracts

(1) (2) 3) (4 (5) (6) (7) (8)

Income C* CEspor CEp Cipys OPaon “oposeor o CPsror  JFbORgpor
Flat ($58.9K) 53.67 4588 5346 5272  49.60  17.0% 97.3% 110.8%
Flat net 53.67  46.27 5277 5353 5130 16.0% 87.7% 89.5%
Non-mngr  53.67 4073 4410 4739 4625  31.8% 26.0% 50.6%
Manager 8400 50.32 5177 5608  55.00  66.9% 4.3% 25.2%
Downs Mngr  53.67 3174 3410 3793 3684  69.1% 10.8% 38.1%

Table 14: Long-run welfare results showing the certainty equivalent consumption of different
insurance institutions under a discount factor of 0.975 for consumers with median estimated
constant absolute risk aversion equal to 0.0004.

managers, whose incomes rise over time. For these individuals, the desire to front-load when
young and income is low is limited, which reduces the benefits from dynamic contracts. In-
terestingly, individuals with flat net income profiles prefer dynamic contracts to the ACA
environment, so the optimal market design depends on which of several types of income
paths individuals have.

Finally, note that the gap between C'E4c4 and C}, 5y g reflects the cost of adverse selection
in the exchanges relative to the constrained first-best. Both regimes involve community
rating, the first with consumers buying plans with 60% actuarial value (due to adverse
selection) and the second with consumers in full insurance. This cost of adverse selection
ranges from roughly $1,000 per year (downscaled managers) to roughly $2,200 per year for

flat net income.

6 Extensions and Robustness

6.1 Risk Aversion

So far our analysis has used the median risk preferences estimated in Handel, Hendel, and
Whinston (2015). We now consider the robustness of the analysis with respect to the degree
of risk aversion. We are particularly interested in lower risk aversion. The reason is that we
are afraid our estimate of risk preferences, estimated from health insurance choice, might
not reflect the larger stakes associated with reclassification risk.?” The scale of losses from
reclassification risk is larger in our environment than in the setting in which risk preferences

were estimated.

27See Rabin (2000) for a discussion of issues with CARA and scaling of gambles.
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Certainty Equivalent ($1,000s) Gains from Long-term contracts

Income C*  CEspor CEp Cipys CPBaca Sgpmseor Clp—Chsror Ciiz ;_ng’;ggT
Flat-net 53.67 5247  53.62  53.67 52.85 2.3% 95.8% 95.8%
Non-mngr 53.67 5091  51.70 51.84  51.35 5.4% 28.6% 85.0%
Manager 84.00 68.73 69.06 69.39 69.00 22.2% 2.2% 50.0%
Downs mngr 53.67  46.41 46.94  47.20 46.80 15.6% 7.3% 67.1%

Table 15: Long-run welfare results showing the certainty equivalent consumption of different
insurance institutions for a discount factor of 0.975 and constant absolute risk aversion equal
to 0.00008.

Table 15 presents the welfare comparisons for risk aversion of 0.00008, five times lower
than that in our main analysis. To put the coefficients in perspective consider a lottery
that assigns the loss associated with each of the 7 health states, with each of them having
equal probability. (The expected health care costs are reported in Table 7.) Our 0.0004 risk
aversion coefficient estimate implies a willingness to pay of $7,222 to avoid the uncertainty
associated with such risky prospect. Instead, the lower risk coefficient leads to a willingness
to pay of $1,491.

Lowering risk aversion substantially reduces the loss associated with reclassification risk
(captured by the gap between Cx pyg and CEgpor). The loss is, on average across income
paths, only 1.6%. For the higher 0.0004 risk aversion, the loss was above 13%.

While the loss from reclassification risk is lower, the gains from long-term contracting,
as captured by how much of the gap is recaptured by optimal contracts with one-sided
commitment, is larger. Optimal dynamic contracts come very close to eliminating the gap
for all income profiles. It appears that most of the welfare loss is eliminated with tolerable
levels of front-loading, while the remaining reclassification risk is not that harmful for the
less risk averse consumer.

The lower risk aversion not only attenuates the cost of reclassification risk, increasing
welfare under spot and dynamic contracts, but also lowers the losses from the partial coverage
of medical costs under the ACA. However, for lower risk aversion, dynamic contracts are

preferred to the ACA for all four income paths.

6.2 Switching Costs

Recent evidence from health insurance markets [Handel (2013)] points to substantial inertia
in insurance choice. Switching costs have the potential to impact how dynamic contracts

perform. Our basic model assumes that consumers lapse whenever they get a better offer. As
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Switching Cost Flat-net | Non-manager | Managers | Downs mngr
0 52.76 44.10 51.77 34.10
100 52.79 44.16 51.85 34.17
1,000 52.95 44.68 52.54 34.95
5,000 53.39 46.45 55.07 36.92
10,000 53.58 47.85 57.45 38.82
50, 000 53.66 51.67 65.37 44.72
100, 000 53.67 53.52 70.75 48.76
500, 000 53.67 53.67 84.00 53.67
c* 53.67 53.67 84.00 53.67
NBNS 53.53 47.39 56.08 37.93

Table 16: Long-run welfare (in $1,000s) from optimal dynamic contracts (C'Ep) under dis-
count factor of 0.975 for different levels of switching costs, and income profiles, and a risk
aversion of 0.0004.

discussed in Section 2.4 switching costs relax the lapsation constraints, which can enhance
commitment and the welfare achievable with optimal dynamic contracts.
Table 16 shows the welfare achieved by dynamic contracts for different levels of switching

costs and income profiles. As expected, this welfare is monotonic in the switching cost.

Relaxing the lapsation constraints enables the transfer of resources from good health states
to less fortunate ones. Qualitatively, as switching costs increase, from 0 to infinity, welfare
in the optimal dynamic contract with one-sided commitment approaches the first-best (two-
sided commitment) level.

Notice that while it takes an unreasonably large switching cost to achieve a welfare close
to first best, a switching cost of around $5,000 delivers welfare close to C'E 4o 4 for consumers
with rising income paths, and a switching cost between $5,000 and $10,000 achieves welfare
comparable to Cypyg. The reason is that the commitment afforded by switching costs
helps in two ways. By lowering lapsation, commitment allows for a reduction in reclassifica-
tion risk. In addition, enhanced commitment enables the insurer to facilitate consumption
smoothing across periods. However, consumption smoothing through borrowing requires a
lot of commitment, especially when the income profile is steep. Thus, a substantial switching
cost is necessary to achieve the first best. Instead achieving the welfare level C} 5y ¢ requires
more modest inertia, as no consumption smoothing is involved.

Table 17 shows first and second-year consumption levels for a flat net income profile and a
switching costs of $5,000 and $1,000. It is interesting to note that for all second-year states

without a binding lapsation constraint premiums are lower with a higher switching cost,
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First and Second-Year Consumption: Switching Cost = 5,000 First Year

A2 Consump

A1 1 2 3 4 5 6 7

1 53,612 53,612 53,612 53,612 53,612 53,612 53,612 53,613
2 52,910 52,765 52,765 52,765 52,765 52,765 52,765 52,765
3 52,910 51,717 51,717 51,717 51,717 51,717 51,717 51,717
4 52,910 51,551 51,243 51,243 51,243 51,243 51,243 51,243
5 52,910 51,551 49,763 49,647 49,224 49,224 49,224 49,224
6 52,910 51,551 49,763 49,647 46,898 46,881 46,881 46,881
7 52,910 51,551 49,763 49,647 46,898 43,934 40,652 40,652

First and Second-Year Consumption: Switching Cost = 1,000

1 53,088 53,088 53,088 53,088 53,088 53,088 53,088 53,088
2 53,010 51,733 51,733 51,733 51,733 51,733 51,733 51,733
3 53,010 51,651 50,001 50,001 50,001 50,001 50,001 50,001
4 53,010 51,651 49,901 49,901 49,901 49,901 49,901 49,901
5 53,010 51,651 49,863 49,747 47,162 47,162 47,162 47,162
6 53,010 51,651 49,863 49,747 46,998 44,301 44,301 44,301
7 53,010 51,651 49,863 49,747 46,998 44,034 37,758 37,759

Table 17: First and second-year consumptions for switching costs of $5,000 and $1,000 and
flat net income.

while for second-year states with binding lapsation constraint premiums are lower. Namely,
conditional on a history, higher switching costs enable transferring resources from the good
to the bad states.

6.3 Transitions

One of the key ingredients in our simulation are the health state transitions. Tables 3 and
4, while reasonable, display some violations of Assumption A2. The violations probably
reflect the sparsity of individuals in each cell. To study the robustness of our results to
the transition matrices, we present equilibrium contracts using the transitions from a larger
employer with over 50,000 insured lives.?®

Table 18 shows welfare for the new transitions. Qualitatively our results remain un-
changed. Quantitatively, overall welfare is a little lower due to a higher level of expected
medical costs (observe that C* is lower than before, so the reason has to be a higher level of
expected costs, rather than related to uncertainty). To compare to our original results, we

we rescale the numbers in table 18 so that C* equals that in the analysis above; after this

28We do not use these transition matrices in our main analysis out of a desire to have our transition
matrices and risk aversion estimates correspond to the same population.
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Certainty Equivalent (!,000s)  Gains from LT contracts

Income C* CEp  CEspor Sgpskor CRpCraror
Flat net 51.22 49.98 44.60 14.8% 81.3%
Non-mngr 51.22 41.01 38.14 34.3% 21.9%
Manager 81.55 48.72 47.37 72.2% 4.0%
Downs Mng 51.22 31.01 28.87 77.4% 9.6%

Table 18: Welfare for alternative transition matrices obtained for employees of a larger
employer.

adjustment, all of the welfare numbers with the alternative transitions are within 3% of our

basic numbers, reported in Section 5.3.%

6.4 Precautionary Savings

So far we have not allowed for savings in our welfare calculations. From Proposition 1
we know that this is without loss of generality for the case of optimal contracts with one-
sided commitment. Consumers would also not want to engage in savings in the first best.
However, with spot contracting consumers may want to engage in precautionary savings to
lower the costs of reclassification risk. Individuals can save in good states to weather periods
of bad health. To study the impact of precautionary savings we solve a finite-horizon savings
problem, with the same underlying fundamentals as in our main analysis, namely, the same
income paths, risk preferences, and transition matrices. We find optimal savings starting at
age 25 given an income profile, and the actuarially fair health insurance premiums associated
with the different health states.® Once we find optimal savings for each age and state, we
compute the certainty equivalent, which we denote by C Esporws (SPOTwS = “Spot with

Savings”).

29Note that we cannot compute an ACA welfare for this population because we lack data for this population
that would allow us to determine full distributions of medical expense risk.

30For each income profile, we solve a finite horizon dynamic programming problem, from ages 25 to 65.
Starting at age 64, for a grid of saving values entering that period, the individual finds the optimal saving level
going into the last period that maximizes the sum of current utility from consumption and the discounted
value of the expected utility in the last period, where the expectation is taken for each state given the
transition matrices. Once we obtain the value function at age 64 for each possible health state and incoming
saving level, we proceed backwards all the way to age 25, where we obtain a expected present value of the
utility starting in each possible health state. The ex-ante certainty equivalent is the certain consumption
level that makes the consumer indifferent to the expected utility of entering the dynamic problem before
observing the health realization at age 25.
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Certainty Equivalent (1,000s) % Gains

(1) (2) (3) (4) () (6)

Income CEp CEsporus CEsror e or™  CHECEEST  Ghnens Csnores
Flat net 52.77 50.45 46.27 14.1% 64.3% 75.3%
Non-mngr 44.10 42.38 40.73 8.3% 49.0% 34.3%
Manager 51.77 50.82 50.32 2.9% 34.5% 18.1%
Downs mngr 34.10 32.75 31.74 7.4% 42.8% 26.1%

Table 19: Long-run welfare allowing for precautionary savings under spot contracts. The
certainty equivalent of spot contracting with precautionary savings is denoted by C Esporuws-

Table 19 shows the welfare effect of precautionary savings. As the spot contracting
with precautionary savings outcome is feasible in our dynamic problem with one-sided com-
mitment, C Esporws lies between C'Eg and C'Ep. Savings enable the consumer to transfer
resources to future periods, to be consumed in periods of high marginal utility from con-
sumption. Optimal dynamic contracts, however, do better, as they allow for state-specific
savings. By charging state-contingent premiums the optimal contract enables the equation
of consumption across all states in which the lapsation does not bind. In particular, the
optimal contract transfers no resources to the most fortunate states.

Column (5) shows that precautionary savings closes between 42% and 65% of the gap be-
tween welfare with optimal dynamic contracts and spot contracting without savings. Column
(6) gives the fraction of the welfare gap between the no-borrowing/no-savings constrained
first-best outcome and the spot contracting with precuationary savings outcome that is
closed by optimal dynamic contracts. As in our earlier analysis, dynamic contracts close a
suignificant fraction of this gap with flat net income, but much less when net incomes are

increasing with age.

6.5 Initial Health State

In our analysis we have assumed that a 25-year-old’s health state is observable and priced
when contracting starts. As a result, individuals who arrive at age 25 in different health
states may face very different outcomes, and optimal dynamic contracts may be effective at
insuring reclassification risk arising after age 25 to varying degrees depending on the age 25
health state.

Table ?? presents welfare when contracting starts in various health states at age 25,
for various income paths. Starting in a good initial state has a limited impact on first best
welfare (regardless of the income profile) because of the relatively temporary nature of a

poor initial health state. However, it has a dramatic effect on the welfare achieved under
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Welfare and Initial Health

Initial health state Non-manager welfare ($1,000s) Required subsidy ($1,000s)
Cr CEp CEspor CEsporws

Ex ante 53.67 44.10 40.73 42.19

At

1 53.76 47.20 41.79 43.70 —

2 53.56 46.05 40.82 42.71 4.20

3 93.39 44.55 39.36 41.21 9.10

4 53.29 44.34 39.23 41.05 10.27

5 53.08 42.10 37.37 39.25 15.62

6 52.86 39.47 37.26 37.87 21.07

7 52.50 33.16 33.04 33.10 30.43

E[] 1.93

Table 20: Non-manager welfare from alternative contracting institutions for alternative initial
states A1, and the subsidies required to give all 25-year old non-manager consumers the same
lifetime welfare with dynamic contracting as if they were in the healthiest state.

optimal dynamic contracts with one-sided commitment because starting in a poor health
state makes front-loading much less attractive. This effect is greater the steeper the income
profile. As a result, there is a dramatic effect of the age-25 health state of a consumer on
her lifetime welfare under this regime. The situation with spot contracts (with or without
precautionary savings) is intermediate: the effect of a poor age-25 health state is relative
minor with a flat net income profile, but is greater with steeper income profiles because the
high premium a consumer who is sick at age 25 incurs when young is costly because of her
relatively low income.

These welfare results raise the question of how much ex ante welfare would be increased
with optimal dynamic contracts if consumers were insured for the risk they bear arising
from uncertain age-25 health, perhaps through some form of government insurance. The
last column of Table 77 shows the subsidy that is required in each age-25 health state to give
a consumer facing the dynamic contracting environment teh same welfare as if they were in
the healthiest age-25 state. The expected value of these subsidies, using the probabilities
of the various possible health states at age 25, is given in the last row of the table; the

government would incur a cost of $1,930 per consumer to achieve this.
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7 Comparison to Pauly, Kunreuther, and Hirth (1995)
and Cochrane (1995)

Pauly, Kunreuther, and Hirth (1995) (PKH) propose guaranteed renewable contracts as a
solution to prevent reclassification risk. In contrast to the long-term contracts described
in Proposition 1, they aim to design a policy that provides full insurance in each period
and guarantees that the consumer can renew in the future at the same premium as would
be offered to the healthiest consumer type at that age. The idea is that a consumer with
such a policy never wishes to lapse and faces no uncertainty in their consumption (i.e, no
reclassification risk). In the context of our model, these policies provide a consumer who
starts period 1 in the healthiest possible state (A\; = 1) with the guaranteed consumption
path {y; — p;}L_,, where the period ¢ premium p; is (we denote by \; = 1 the healthiest

possible state in period t):3!

pe = Blmy A = 1] = 3 6" HE[m, [\ = 1] = Blm, Ay = 1} for t = 1,.,T  (8)

T>t

To understand this formula, consider a case in which 7' = 2. In period 2 (the last period),
the consumer pays a premium equal to py = E[may|\y = 1], the expected medical expenses of

the healthiest possible period 2 consumer. In period 1, the consumer pays a premium of

P11 = E[m1|/\1 = ]_] — 5{E[m2|)\1 = ]_] — E[m2|)\2 = 1]}
= E[mi|\ = 1] — 6Pr(s > 1|\ = D{E[ma|e > 1] — E[ma|e = 1]}

The first term is the consumer’s expected period 1 medical costs (since he starts with Ay = 1),
while the second term is the prepayment of the expected period 2 discount being offered to
the consumer (which he enjoys when it turns out that Ay > 1). In a problem in which
T = 3, period 2 and 3 premiums would be as just described, while in the first period the
consumer would prepay the value of the expected period 2 premium discount: Pr(Ay > 1|\ =
DS o2 8 " Blm Ao > 1] — Efm,|hs = 1} = X,y 0™ {Elm, A, = 1] - Bm, |3, = 1]}

The fact that the PKH policies differ from those described in Proposition 1 points to two
limitations of the PKH approach. First, unlike the contracts described in Proposition 1, the
PKH contracts do not optimally balance the benefits of reducing reclassification risk against
the costs of front-loading; indeed, as formula (8) makes clear, the PKH contract is unaffected
by a consumer’s income path. The PKH contracts go to the extreme of completely preventing

reclassification risk, resulting in a fully deterministic consumption path but excessively low

31'We provide a proof in Appendix D.
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initial consumption.??> Second, because PKH contracts do not optimize in this way, they
are actually not lapsation-proof in periods t € [2,T — 1] if insurers offer optimal dynamic
contracts: some of the healthiest types would actually be drawn away by a firm offering the
contracts described in Proposition 1.3

Cochrane (1995) proposes a different scheme to protect consumers from reclassification
risk: premium insurance purchased in each period ¢ that pays the consumer the change in
the present discounted value of his future medical expenses at the start of the next period,

equal to
S 6 U {Blm, M) — Blma A}

>t
As Cochrane notes, however, this policy has the problem that the consumer would have to
pay the insurer when the evolution of his expected future health expenses is better than
expected, which may be impossible to enforce.

One possible solution to this problem would be to have the consumer pre-pay the max-
imum possible ex post payment up front as part of his premium.** In each period t the

consumer would pay a premium of

Elm|\] + Y 67 {Blm|\] - Blm. A1 = 1} (9)

T>t

and in each period ¢ + 1 (for ¢ < T') the insurer would pay the consumer the non-negative

amount

Payment = Z 6T_(t+1){E[mT|)‘t+1] — E[m[AJ} + 257—_(t+1){E[m7|)\t] — E[m; A1 = 1]}

T>t T>t
= > 0B\ ] — Blme Ayr = 1]} >0, (10)
T>t

equal to the change in expected medical expenses plus the repayment (with interest) of the

second term in (9). Subtracting the period ¢ payment [(10) modified to be for period ¢] from

32PKH’s Proposition 2 asserts that their contract is Pareto optimal, but their argument assumes that
“capital markets are perfect,” when the motivation for considering these contracts to begin with was precisely
the presence of capital market imperfections that prevent the payment of all lifetime premiums up front [see
Pauly, Kunreuther, and Hirth (1995, p. 146)]. In Section 5 we compare the utility generated by the optimal
contracts of Proposition 1 with that arising from the PKH contracts.

33 This lapsation problem in the PKH contract only arises if 7 > 3.

34Cochrane (1995) proposes a different approach: an account that has to be used to receive and make
these premium insurance payments. Unfortunately, Cochrane’s assertion that such an account would never
run into a negative balance for a consumer who starts out healthy is incorrect. For example, a consumer
who starts healthy (A; = 1) and remains healthy (A; = 1 for all ¢ > 1) would need to make payments in
every period.
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the period ¢ premium (9), we see that the net premium payment in each period ¢ is exactly
the PKH premium (8).

7.1 Empirical Comparison of PKH and Optimal Dynamic Con-

tracts

Using formula (8), we calculate that the initial PKH guaranteed renewable premium paid
by a healthy 25-year old is $5,736, about 27% higher than the initial premium paid by a
healthy 25-year old individual in the optimal dynamic contract.?> For a consumer with
a with flat net income path, the excessively low iniital consumption required to eliminate
all reclassification risk translates into a lower welfare: C'Epryg = 49,509, which is 3.6%
lower than the certainty equivalent that this consumer would have with an optimal dynamic
contract. The welfare loss from the PKH contract realtive to an optimal contract increases
with rising income paths: for example, for a healthy 25-year old downscaled manager we
find that CEpxy = 31,159, resulting in a loss of 14.2% compared to an optimal dynamic

contract.

8 Conclusion

In this paper we have studied the potential for long-term contracting in health insurance
markets to insure against reclassification risk when insurers, but not consumers, can commit
to the contract and consumers are unable to borrow to pre-pay premiums. We established
the equilibrium properties of these contracts, and quantified their positive and normative
implications relative to alternative market designs using detailed individual-level data on
health risks, health transitions, insurance choices, and income profiles from the employees
of a large firm. We compared these optimal dynamic contracts with one-sided commitment
to (i) the first-best outcome (achieved by long-term contracts with two-sided commitment),
(ii) spot contracts that are year-to-year, (iii) a benchmark in which all risk is insured but
resources cannot be transferred across time, and (iv) ACA-like markets with spot contracts
and community rating. We performed these comparisons for different income paths, including
flat net income (where there is no motive for general consumption smoothing over time) and
the rising income paths associated with both managers and non-managers at our firm.
Optimal dynamic contracts exhibit substantial front-loading at early ages, thereby en-

abling consumption guarantees that reduce reclassification risk. These guarantees can also

35In this section we use the transition matrices described in Section 6.3 for the employer with a larger
population of covered individuals. The reason is that the PKH contract is very sensitive to the transition
matrices later in life.
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be provided by offering an equivalent guaranteed renewable premium path whose year-to-
year increases match the consumer’s income growth. Moreover, we show that when framed
as guaranteed renewable contracts, these optimal contracts — which differ according to a con-
sumer’s income path — are self-selective, in the sense that consumers with differing income
paths will all choose the contract that is designed for them.

Empirically, we find that optimal dynamic contracts for our population of consumers
exhibit substantial front loading: a healthy consumer with a flat net income path at age 25,
for example, pays a premium of $2,750 compared to expected medical costs of only $1,131.

” who income rises steeply over time would front

However, a healthy “downscaled manager,’
load much less, paying a premium of $1,678. We find that the welfare implications of optimal
dynamic contracts also depend crucially on the steepness of a consumer’s income path. We
find that optimal dynamic contracts with one-sided commitment would almost achieve the
first-best for consumers with flat net income paths for whom front-loading is not costly.
Conversely, dynamic contracts are only a little better than spot market contracts (with or
without precautionary savings) for consumers with rising income profiles, for whom front-
loading to facilitate reclassification risk insurance is quite costly. This intuition carries over
to the welfare comparison between dynamic contracts and ACA-like markets: consumers
with flatter income profiles prefer dynamic contracts but those with steeper income profiles
prefer ACA-like markets.

We also consider several extensions of our main analysis. We find that lower consumer risk
aversion, which reduces the costs of reclassification risk, makes optimal dynamic contracts
nearly achieve the first best for all income paths. While lower risk aversion also improves
the performance of other institutions, with lower risk aversion dynamic contracts come to be
better than the ACA-like market for all income paths. (Of course, the differences in welfare
are small when risk aversion is low.) Higher switching costs also improve the performance
of dynamic contracts, which can achieve a level of welfare comparable to the ACA with
switching costs on the order of $5,000. We also show that those consumers who are in poor
health at age 25 do particularly poorly with dynamic contracts, as their high medical needs
at that age preclude front loading. Insuring consumers against the risks of their age 25 health
realization would cost the government approximately $2,000 per consumer.

In sum, dynamic contracts offer a way to substantially reduce reclassification risk without
requiring community rating as in the ACA. However, with rising incomes we find that the
ACA approach offers greater lifetime welfare, unless consumers’ risk aversion is low (in which
case reclassification risk is not much of a problem) or consumers face significant switching
costs.
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9 Appendix A: Characterization of Equilibrium Con-

tracts with One-Sided Commitment

In this appendix, we characterize equilibrium contracts with one-sided commitment, allowing
for a switching cost ¢ > 0. Proposition 1 follows as the special case in which ¢ = 0.

Specifically, we establish the following result:

Proposition 3 The equilibrium contract in a competitive market with one-sided commit-
ment when the consumer cannot borrow and has a switching cost o > 0 is characterized by
the consumption levels offered in the first period of a switching contract starting in period
t with health state A, cJ(\¢), and the consumption offers in period 1, c1(\1). In the equi-
librium contract, the consumer is fully insured against within-period medical expense risk,
and enjoys in each period t following health state history (A1, ..., \;) the certain consumption
max{ci (A1), max cppq cZ(Ar)}. The levels ¢f (A\) lead a firm signing a switching consumer
to break even in expectation.’® Consumers have no incentive to save given the equilibrium
contract.

We begin by specifying the contract design problem recursively, and then provide a series

of characterization results that collectively establish Proposition 3.

9.1 The period T problem

Suppose that the period T state is (Ap, St,07), where St is the discounted expected loss
that can be sustained from that period on, and o7 is the switching cost the consumer incurs
in period T' (which equals 0 if he is not switching and equals ¢ if he is). Consider the

following problem, whose value is V (A, Sr, o7):

maXer(.) [ uler(my) — or)dFr(me|Ar)

11
s.t. [ er(me)dEr(mr|Ar) < St + yr — Blmr|Ar]; vr =

The FOC for this problem is

u' (er(mr) — or) = vy for all my

So we have

cr(mr) = St +yr — Blmr|Ar]

36Equivalently, this is the consumption guarantee that would be offered to a consumer who incurs no
switching costs by firms that must earn an expected discounted profit equal to o.
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and

Vr(Ar, St,or) = u(St + yr — Elmr|Ar] — o7)

Observe, that we can rewrite problem (11) as

MaXcy() J u(Cr(mr))dFr(mr|Ar)
s.t. [(Cr(mep) + op)dFp(mp|Ar) < St +yr — Blmg|Ar]; vr

and in turn as

maxcry () J w(Cr(me))dFr(mr|Ar)

s.t. [ Cr(mp)dFr(mo|Ar) < (Sr — or) +yr — Blmr|Ar]; vy 12

which shows that Vi (A, Sp,07) = Vr(Ar, St — 07,0).  That is, having the consumer
incur a consumption loss of o7 due to switching is equivalent to having the loss that can be
sustained by the firm be S; — op. Intuitively, we can think of the firm as first compensating
the consumer for the switching cost, and then devising the optimal consumption level given
a savings budget of S — o7.

It will be convenient to define the value function Vi (Ar, Sy — o7) = Vr(Ar, St — o7, 0),
which is the value of problem (12). Observe that this value function is strictly concave in
St since O*Vr(Ar, St)/05% = v (St + yr — E[mr|Ar]), and by Assumption A1 we also have
strict increasing differences in (A, St) since OVr(Ar, St)/0St = v/ (St + yr — E[mr|Ar]) is
strictly increasing in \p.

9.2 The period ¢t problem

Suppose the period ¢ state is (A, Sy, 04). (As above, o; equals 0 if the consumer is not

switching and equals o if he is.) Consider the following problem, whose value is V;(\;, Sy, 0¢):

maXe,(.),8:41(-) f[U(Ct(mt, )\t+1) - Ut) + 5tvt+1()\t+17 St+1(mt7 )\t—i-l); O)]dFt(mt; )\t+1|)\t)
ot Slee(me, Adyr) + 00Sea(my, A1) JdE, (my, Aga | Ae) < Sy +ye — Blmg |\ v,

Vit Mgty Seqr(me, Mig1), 0) > Vi (M1, 0, 0) for all (mg, Agr); e (me, Aerr)
(13)

Remark 1 The second constraint is the lapsation constraint.
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Remark 2 Note that c;(my, \i11) and Sp1(my, \iy1) also depend on (N, Sy, 01), the state en-
tering periodt. We do not include these arguments to simplify notation. Below, for example,

we report some results on how changes in the state affect c;(my, A1) and Syp1(my, Adpv1).-

Following similar logic as for the period T' problem, we can rewrite problem (13) as
maxc,(-),S+1(-) f[u(ct(mm )\t+1)) =+ 5tvt+1<)\t+1> St+1(mta )\t+1)7 O)]dFt(mta )\t+1|)\t>

o J1C (e, Aes1) + 0:Se1(me, A1) dE (mg, M1 | Ae) < (St — 00) + ye — Blmg | Me]; 7,

Vt+1()‘t+la St+l(mta Atg1),0) > Vt+1()\t+17070) for all (mt7 At1); (M, Agr)
(14)

Thus, we have:
Lemma 1 Vt(Ah St) Ut) = Vt(/\t, St — Oy, 0) fO’f' CL” (Ata St) Jt)
As in the period T" problem, it is convenient to define the value function V;(\, Sy — 0y) =
Vt()\t, Sy — oy, 0)
Corollary 1 The lapsation constraint can be written as Sy(mg, A1) > —o.

Proof. From Lemma 1, the inequality V1 (Ais1, Si41,0) > Vg1 (g1, 0, 0) is equivalent
to the inequality Vi 1(Ais1, Sit1,0) > Vip1(Aip1, —0,0), which holds if and only if S, > —o.

]
As a result, we can rewrite problem (14) as the following problem, whose value is

V%O\t, Sy — Ut)3
maXe,(.),5;41(-) f[U(Ct(mt, >\t+1)) + 5t‘/t+1()\t+1a St+1(mta >\t+1>>)]dFt(mta >\t+1|>\t>

ot f[ct(mta Ati1) + 068t 1 (i, A1) |dF (me, A |Ae) < St — o + ye — Blme| M v,

Oe fe(me, Mega|Ae) - Ser (M, A1) = =6 fr(my, M| Ae) - 0 for all (myg, Aey1); py(me, Aegr)
(15)

Remark 3 We write the second constraint with &, fy(my, Adiv1|A\e) (which is strictly positive)
to simplify statement of the FOC (17) below.
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9.3 Equilibrium Contract Characterization

The equilibrium contract solves (12) and (15) with o, = 0 for all t. We now characterize its
solution. We do so through an inductive argument. We have already seen that Vi (A, St)
is strictly concave in St and has strictly increasing differences in (A, St). In considering
the period ¢ problem, we now assume that V;,1(A1, S7y1) is strictly concave in Sy, ; and
has strictly increasing differences in (A1, S:11). The characterization results below will
imply that the same properties hold for the value function V;(\;, S).

The FOC for problem (15) are:

u'(ci(my, A1) =, for all (my, My1) (16)
A A
WiaQuss Sl ) (g Ayr) forall (i dss) (17
t+1

Condition (16) implies that ¢; is independent of (my, Ar1). We can therefore rewrite problem
(15) for o, = 0, whose value is V;(\;, S;), as:

maXe, Si11(-) U(Ct) + 0y f Vt+1(/\t+1; St+1(mt; )\t+1))dFt<mt» /\t+1|/\t)

5t e+ 0y f St (mie, Aoy 1)|dF (me, A |Ae) <S¢+ ye — Blmu| A5 v,

5tft(mta )\t+1|/\t) : St+1(mt7 >\t+1) > —5tft(mt7 /\t+1|)\t) - o for all (mt, /\t+1)§ Mt(mt»/\tH)
(18)

The FOC for this problem are (17) and
u'(¢y) =y, for all (my, A\y1) (19)

We now establish a number of lemmas characterizing the solution of this problem.

Lemma 2 Vi(\;, S;) is strictly concave in S;.

Proof. Let [c;, Si1(-)] be the solution for (A, S;) and [¢}, Si, ()] # [ct, Se1(+)] be the
solution of problem (18) for (\;, S}). Consider the problem for (\;, S{) where S = pS;+ (1 —
p)S, for p € (0,1). In this problem [¢], S, (-)] is feasible, where ¢/ = pc,+(1—p)c, and S}, | =
pSi1+ (1= p)Si, ;. Moreover, because u(-) is strictly concave and Vi, 1(A¢y1, Siy1) is strictly
concave in Sy, 1, [¢f, S7(+)] achieves a value strictly larger than pVi(A, Si) +(1—p)Vi(Ae, S3),
which implies that Vi(A\:, S¥) > pVi(Ai, St) + (1 — p)Vi(A, S)). m
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Lemma 3 ¢; is strictly increasing in St, and vy, is strictly decreasing in S;.
Proof. By the Envelope Theorem, 0V;()\, S;)/0S; = ~v,. Since Vi(A\,Sy) is strictly

concave in S, 7, is strictly decreasing in S;. By (19), this implies that ¢; is strictly increasing
in St. |

Lemma 4 Sy 1(-) is independent of m;.

Proof. Suppose S;i1(my, A1) > Sip1(my, Ay1) for some my and m) # m,. Then

Vi1 (Mig1, Seg1(my, Aeg1)) - OVip1 (Mg, Sea1(ma, Migr))
85t+1 aSt—i—l

Moreover, since Syy1(my, A1) > Spr1(my, A1) > —o, we have p,(my, A1) > (g, Mey1) =
0. But this contradicts (17). m

So, letting f,(\;41|\:) be the marginal conditional distribution of A;;; given \;, we can

rewrite the period ¢ problem (for o; = 0) as

mMaXe, s, () u(er) + 6 [ Vier (A1, Sevr (A1) Feea [ A dA i

ot a+of Spe1(Aer1) Feus1|A)dN 1 < Sp+ v — Elmu A v (20)

0efeNer1lAe) - Sevr(Nes1) = =60 fr(Aga|Ae) - o for all Aeprs (M)
Its FOC are (19) and

8‘/tJrl <)‘t+17 St+1 (/\t+1))
95111

=7 — (A1) for all (M) (21)

Lemma 5 For all Ay, Si11(M\y1) is nondecreasing in Sy at all Ayyq.

Proof. Consider S; > S;. Denote the solutions [c;, Si41(+)] and [¢}, S7,(+)] respectively.
Consider state A¢;1. The result is immediate if S, | (A\41) = —o so suppose that S, ;(Aiy1) >
—o. Then pj(Ay1) = 0. Since v, < 7}, by Lemma 3 and pu,( A1) > ph(Aer1), (21) implies

that we must have

Vi1 (M1, S£+1 (At11)) N OVig1( Mg, Sep1(Aeg1))
05111 0S111

which, in turn, implies that S; 11 (A1) > S, 1 (As1) by the strict concavity of Vigq (A1, Seq1)
in St+1. |
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Lemma 6 S;,(-) is nondecreasing in \j11.
Proof. Suppose Syy1(Aig1) > Spy1(Ajy1) where Ay < Ay ;. Then

Vi1 (N5 St (Negy) N Vi1 (Meg1, Sty (Nigy)) > Vi1 (At 15 Ser1(Aegr))
OSt11 dS¢+1 OSt11 7

where the first inequality follows because V;i1(Ai11, Si11) has strict increasing differences in
(At+1,Se41) and the second because Viyq(Ai11,Si41) is strictly concave in S;iq. Moreover,
since Spi1 (A1) > Sir1(Aipq) = —o, we have g, (A1) > g, (Ae41) = 0. But this contradicts
(21). m

Lemma 7 v, is strictly increasing in ;.

Proof. Suppose that A} > )\, but 7, < ~,. Denote the solutions for \; and \; by
[ct, Se41(+)] and [¢}, Si,1(+)] respectively. Then, by (21), for all A;q such that Sii1(Aiy1) >
—o, we have S}, (Aiy1) > Siy1(Aeg1). Thus, Sy (Aeg1) > Sipa(Mega) at all Ayyq. Assump-
tions Al and A2, plus Lemma 6, then imply that

St + Yy — E[mtlkt] — 0y — /St+1(/\t+1)7t<)‘t+l‘)‘t)d)\t+l
> Sty = BimlN) = 8~ [ SuaOue) s A

> Sp+ oy — Elmy| X)) — 6, — /S£+1(/\t+1)7t()\t+1|)\;)d/\t+1

so the budget constraint implies that ¢, < ¢;. But this violates (19) when ~} < 7, — a
contradiction. m

Lemma 8 V;(\;, S;) has strictly increasing differences in (A, S).

Proof. Since, by the Envelope Theorem, 0V;()\;, S;)/0S; = 7,, the result follows from
Lemma 7. m

Lemmas 2 and 8 establish that the induction hypothesis is valid. We now show that the
above lemmas establish Proposition 3.

Note from (21) for the period ¢ problem that the states in which the lapsation constraint
does not bind (so that Si;1 > —o) have equal marginal utilities of Si;1, equal to 7,. This
implies (using the Envelope Theorem for the period t+1 problems) that they have equal
V41, Which in turn implies that they have equal c¢;y;. Moreover, v, = v, in those states,
SO0 ¢; = ¢i1q1. The states in which lapsation constraint does bind in the period ¢ problem

have marginal utilities of S;;1 that are strictly less than v,. Hence, again from the Envelope
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Theorem, in these states we have ~,,; < 7,;, which implies that ¢,;1 > ¢;. Thus, the contract
can be thought of as starting with a guaranteed consumption, which gets bumped up to
a new higher guaranteed consumption whenever the lapsation constraint binds. The new
higher guaranteed consumption level is exactly the first-period consumption in the optimal
contract that would start at that date and health state if the consumer were to start with a
new firm, incurring the switching cost o (since S;;; = —o at that continuation).?”

Finally, observe as well that -, is weakly falling (and ¢, is weakly increasing) along any

realized path. As a result, the consumer never has any desire to save.

10 Appendix B: Self Selection

We first establish the following Lemma:

Lemma 9 Let p = (p1,....,pr) and p = (p1,...,pr) be guaranteed premium paths such that
D > p. Suppose that (i) the insurer earns a non-negative expected NPV when guaranteed
premium path p is chosen by a y-type consumer in health state \; (given the consumer’s
optimal lapsation behavior), and (ii) in every period t > 1, if a y-type consumer in health
state \; optimally does not lapse when facing path p, then the insurer’s expected continuation
profit is non-positive. Then the insurer’s expected NPV is non-negative when premium path

p is chosen by a y-type consumer in health state A;.

Proof. Let U(t, \;) and U(t, \;) denote the insured’s continuation payoff at state (¢, \;)
given optimal lapsation behavior under p and p respectively. Let A(¢) and /A\(t) denote the
set of health states that optimally lapse in period ¢, under p and p respectively; Ay (t) and
Ay (t) are the complemetary sets who do not lapse. Finally, let TI(¢, \,) and TI(, \;) denote
the insured’s contiuation payoff at state (¢, \;) given optimal lapsation behavior under p and
p respectively. Assumption (i) therefore says that II(1,A;) > 0, while assumption (ii) says
that II(¢, \;) < 0 for all t > 1 and Ay € Anp(t) [of course, I1(t, \;) = 0 for all \; € A(¢)].

Note, first, that U(t, \;) > U (t, \;): starting in period ¢, the insured who faces p could
adopt the same lapsation behavior as when facing p and receive a weakly higher payoff
since he would be facing lower prices. His optimal lapsation behavior yields a still higher
payoff. Next, the fact that U(t,\,) > U(t,\;) implies that A(t) C A(f): any type who
lapses in period ¢ when facing p also lapses when facing p. Finally, consider the expected
profit of the firm starting at state (1, A\;). This is the probability weighted average of the

payoffs achieved along the various possible sequences of health states (A1, ..., Ay). For each

3TEquivalently, it is the guaranteed consumption level that would be offered to a consumer who incurs no
switching costs but faces firms who must earn an expected discounted profit equal to o.
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each sequence the firm earns premiums and incurs costs until the insured lapses. Since
A(t) C K(t), each such sequence hits lapsation weakly earlier under p than under p. Since
II(t,\;) < 0 forallt >1and \; € Ayp(t), the earlier termination behavior under p (but
earning the same premiums p) — weakly raises the expected profit earned for the sequence, by
changing a nonpositive expected continuation into a continuation payoff of zero. Moreover,
the fact that the premiums earned until lapsation are higher under p than under p, while
the expected costs are the same, further raises the expected profits earned from this health
state sequence. As a result, II(1,\;) < ﬁ(l, A1). =

We next establish the following Lemma:

Lemma 10 The insurer earns a monnegative expected NPV if type y' in health state A\

chooses the guranteed premium path p, that is intended for a type y consumer in health state
At-

Proof. The proof is by induction on both the number of periods 7" and the number
of periods that remain. First, observe that the result is clearly true if 7" = 1 as lapsation
behavior is then not an issue and expected medical expenses don’t depend on the consumer’s
income level. So, assume that the result is true for all T' < T. We will show that it is true
for T=T. Todo so, we use another induction argument.

Assume the following Induction Hypothesis: If starting in period t € [2, ﬂ the consumer
has not yet lapsed, lapsation behavior of type y/ starting in period ¢ is either (A) the same as
for type y (meaning, after any previous history of health states and sequence of decisions not
to lapse), or (B) different and raises the expected continuation NPV of the insurer starting
in period t.

Observe that the Induction Hypothesis holds if ¢ = f, since then lapsation behavior is
the same for type y/ as for type y — both types lapse iff E[ms|A\z] < ps.

Now suppose that the Induction Hypothesis holds for periods ¢, ..., T , where ¢t > 3, and
consider period t — 1 (> 2) after some previous history of health states and a sequence of
decisions in which the insured has not yet lapsed. Suppose first that lapsation behavior is
different for type y/ than for type y in a health state \;_; in which type y would not lapse.
Then since S;_1(A;—1) > 0 in the solution to the type y problem in period ¢ — 1 (recall that
S;—1 may also depend on the previous history Ai, ..., \;_2), lapsation by type y/ in state A\;_;
would remove a continuation that had a weakly negative continuation expected NPV for the
insurer and replace it with a zero NPV.

Suppose, instead, that state \;_; is one in which type y would lapse in period ¢t — 1, but
instead type y/ does not lapse. We will show that this changes what would have been a
zero NPV continuation into a continuation with a nonnegative NPV. Let p” be the premium

path offered to a known y-type in health state A\;_; who lapses. When a y-type chooses this
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premium path the insurer breaks even (by the competitive market assumption). Note that
Pl =py —AforT>t—1and A > 0 (since the two guaranteed premium paths differ only
in offering different initial premium caps and then the premium change each period equals
the change in the y-type’s income.

We first argue that if a y/-type in health state \;_; were to choose premium path p” the
insurer would earn a nonnegative expected NPV. This follows since this result (i.e., Lemma
10) holds for contract periods of length T < T (which is the case for contracts offered to
lapsing consumers after period 1). But now, invoking Lemma 9 and the fact that p/ = p,, —A
for 7>t —1and A > 0, the insurer’s expected NPV when the 1/-type in health state \;_;
does not lapse (and, hence, stick with p,) in period ¢ — 1 must be nonnegative. So applying
induction, properties (A) and (B) hold for all periods ¢t = 1, ..., T

Finally, consider period 1. If a y'-type in health state A\; chooses the premium path p,
intended for a type y consumer in health state A;, the insurer’s first period costs are the
same as if a y-type in health state A\; had chosen that contract, and the transitions to health
states in the next period are the same as well. If the lapsation behavior starting in period
2 were the same, the insurer would break even. But, we have just concluded that if the
lapsation behavior is different, the insurer’s expected continuation NPV must be weakly
higher. Thus, the insurer must have a nonnegative expected NPV when a y/-type chooses
contract p,. =

We now prove Proposition 2:

Proof. of Proposition 2: We argue that the menu is self-selective. From Lemma 10
we know that if a y-type chooses the plan intended for it the insurer breaks even but if it
instead chooses the policy intended for type ¢’ the insurer earns a non-negative profit. But
the policy intended for the y-type maximizes the y-type’s discounted expected utility subject
to the constraint that the insurer at least break-even. The policy intended for type 1y’ was

therefore feasible, which implies that it cannot be preferred by type y. m

11 Appendix C: Effects of Health State Persistence

In this Appendix we explore the effects of health state persistence on the welfare achieved
under various contracting institutions. To illustrate the effects of greater persistence, we
derive the optimal contracts and corresponding welfare using transition matrices representing
the weighted average of the identity matrix (with weight p € {0, 1]) and uniform transition
probabilities (namely, from any state there is 1/7 probability to transition to any state). The
identity matrix represents full persistence, which is captured by p = 1. Instead for low p

the states become less persistent, and in the extreme case of p = 0 the state is independent
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* CEp CEp
p C Cspor CEp  Csus CEspor CEsporTws

0 47.05 39.83 4559 4445 1.14

0.3000 47.05 39.83 45.17 43.45 1.13 1.04
0.5000 47.05 39.83 44.72 42.68 1.12 1.05
0.7000 47.05 39.83 4394 41.78 1.10 1.05
0.9000 47.05 39.83 42.12 40.64 1.06 1.04
0.9999 47.05 39.83 39.84 39.83 1.00 1.00

Table 21: Welfare for alternative transition matrices capturing health state persistence. With
probability p the state is unchanged, and with probability 1 — p the state is a random draw,
with equal probabilities, of the seven possible states.

of past health. Note also that, with this transition process, expected medical expenses
are independent of p. We assume here flat income (since expected health care costs are
independent of age, this also represents flat net income).

Table 21 reports the welfare achieved in the first best (C*), with spot contracting
(CEspor), with optimal dynamic contracts with one-sided commitment (Cp), and with
spot contracts with precuationary savings possible (CESPOTwS).38 (Since we have flat net
income, Cgyg = C* here.) The last two columns show the percentage welfare gain from
optimal dynamic contracts versus spot contracting and versus spot contracting with precau-
tionary savings. Observe that greater persistence has no effect on welfare for either the
first best or spot contracting regimes. The first best is unaffected by persistence because
expected medical expenses are independent of p. Welfare with spot contracting is also inde-
pendent of p because the ex ante distribution of premiums in any period is independent of
p and preferences are additive across time periods. Once precautionary savings is allowed,
however, welfare is greater the lower is p, as precautionary savings can smooth out short-run
shocks to medical expenses, but accomplishes less when those shocks are persistent; as shocks
become perfectly persistent, precautionary savings provides no benefit at all. Finally, the
welfare achievable with optimal dynamic contracts is declining in the level of persistence.
Indeed, in the limit as p approaches 1 welfare with dynamic contracts approaches the level
with spot contracting (with or without precautionary savings) as, in that limiting case, there
is no reclassification risk to insure once the consumer’s age-25 health state is realized. The
gains of optimal contracts over spot contracts declines montonically in p, while it is inverse

U-shaped when there is precautionary savings.

38 Precuautionary savings is introduced in Section 6.4.
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12 Appendix D: PKH premiums

Consider one-period contracts signed in each period ¢ in return for the premium p;()\;) paid

at signing that does the following;:

e fully insures period t health expenses

e if t < T, pays in addition the amount p;y1 (A1) — pr1(1) [where pyyq(1) is the period
t + 1 premium for the healtiest period ¢ + 1 health state, A\;;; = 1, at the start of the
next period t + 1.

These contracts pay an amount that gurantees that the insured’s outlays for the next
period contract (net of the insurance payout from the previous period) always equal the
amount that the healtiest type would pay.

The premiums for these contracts will in equilibrium be:
pr(Ar) = Blmr|Ar]

and for t < T,
pe(Ae) = Elme[A] + 0B{prs1 (A1) — pesa (1) |Ac}

The next result derives an expression for the premium paid in period ¢, corresponding to

expression (8) in the text.
Lemma 11 For all t, pt(At) = E[mt|/\t] + Z’T>t 57—_t{E[m7—()\7—)|)\t] — E[mT(A7)|At+1 = ]_]}

Proof. Clearly true in period T'. Suppose it is true for all periods 7 > t. To see it is

true in period t, we substitute and use the Law of Iterated Expectations:

pe(A) = Blmyg| ] + H{B[prs1 (A1) [ Ae] — pra (1)}
= E[m ] + B{E[myy1|Aeqa] + Z 57 I Em, (M) [ A1) — Blmr (Ar)[ Az = 1A}

T>t+1
—6{Elmea| A =1+ Y 67 B (M) Agr = 1] = Blme(A)| A = 1]}
T>t+1
= E[mt|)\t] + 5{E[mt+1|At] + Z 57_(t+1)E[mT(A7—)|)\t}
T>t+1
—0{B e[ = 1]+ Y 6B (M) A = 1]}
T>t+1
= Blmy|A] + > 67 {Blm(A)|\] — Blmo(A) [ A = 1}

T>t

o1



