
Table C.I
Welfare Cost of Household Insurance Choice under Actuarially Unfair

Insurance

This table reports the welfare cost of household insurance choice under an alternative as-
sumption that insurance is more expensive than actuarially fair. The discount rates on life
insurance, annuities, and long-term care insurance are calibrated to 0% annually, while the
riskless interest rate is 2%. The sample consists of males aged 51 and older in the Health
and Retirement Study from 1992 to 2010.

Age

51–57 58–64 65–71 72–78 79–85 86–

Panel A. Per-Period Welfare Cost (median in % of total wealth)

Total cost 0.03 0.03 0.03 0.02 0.02 0.02
(0.00) (0.00) (0.00) (0.00) (0.00) (0.15)

Cost due to health delta 0.01 0.01 0.02 0.01 0.01 0.01
(0.00) (0.00) (0.00) (0.00) (0.00) (0.25)

Cost due to mortality delta 0.01 0.01 0.01 0.01 0.00 0.01
(0.00) (0.00) (0.00) (0.00) (0.01) (0.16)

Panel B. Lifetime Welfare Cost (median in % of total wealth)

Total cost 3.59 3.24 3.03 1.76 0.79 0.40
(0.27) (0.20) (0.22) (0.23) (0.27) (0.48)

Cost due to health delta 0.53 0.45 0.45 0.25 0.14 0.16
(0.06) (0.04) (0.03) (0.04) (0.08) (0.38)

Cost due to mortality delta 3.99 3.59 3.40 1.92 0.80 0.35
(0.30) (0.22) (0.24) (0.25) (0.29) (0.50)
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Yao and Zhang (2005), Yogo (2009), and Nakajima and Telyukova (2012)).

Let Ft denote the face value of bonds with price 1/R per unit. Similarly, let Bi,t(n) ≥ 0

denote the face value for each insurance product i of maturity n with price Pi,t(n) per unit.

The household’s savings in period t is

At + Yt −Mt − Ct −QIt =
Ft

R
+

∑
i={L,A,H}

T−t∑
n=1

Pi,t(n)Bi,t(n). (14)

The household receives income Yt, pays health expenses Mt, consumes Ct, and spends QIt

on housing. The household saves the wealth remaining after these expenditures in bonds,

life insurance, annuities, and supplemental health insurance. By substituting out housing

investment through equation (13), we can rewrite equation (14) as

At + Yt −Mt − Ct =
Ft +Gt

R
+

∑
i={L,A,H}

T−t∑
n=1

Pi,t(n)Bi,t(n), (15)

where

At = At +Gt−1 (16)

is wealth inclusive of housing and

Ct = Ct +

(
1− 1− δ

R

)
Gt−1 (17)

is consumption inclusive of the service flow from owner-occupied housing.

We model a mortgage or a home equity loan as a short position in bonds. We also assume

that the household can borrow from its savings in insurance products at a gross interest rate

R. Thus, a loan from insurance products is a short position in bonds, which is a simple

way to model actual features of these products. The premiums on long-term life insurance

and long-term care insurance are typically paid as constant periodic payments, instead of

a lump-sum payment up front. Periodic payments are essentially equivalent to borrowing

against the value of the policy because the present value of the periodic payments is equal

to the value of the policy at issuance. Whole life insurance typically has an explicit option

to borrow from the cash surrender value of the policy. Finally, households can take out a

loan from annuities in a defined contribution plan.
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uated at the optimal policy, is

∂2Vt(Δ
∗
t+n−1(i), δ

∗
t+n−1(i))

∂δt+n−1(i)2
= −γπn−1

t (ht, i)πt+n−1(i, 1)
2

βn/γRn(1+1/γ)V ∗
t

(
ω(ht)

ct(ht)

)(1+γ)/(1−γ)

×
[
(1− πt+n−1(i, 1))

2

πt+n−1(i, 1)ω(1)
+

πt+n−1(i, 2)ct+n(2)

ω(2)
+

πt+n−1(i, 3)ct+n(3)

ω(3)

]
. (A22)

Finally, the partial derivative of equation (A17) with respect to δt+n−1(i), evaluated at the

optimal policy, is

∂2Vt(Δ
∗
t+n−1(i), δ

∗
t+n−1(i))

∂Δt+n−1(i)∂δt+n−1(i)
= −γπn−1

t (ht, i)πt+n−1(i, 1)πt+n−1(i, 2)

βn/γRn(1+1/γ)V ∗
t

(
ω(ht)

ct(ht)

)(1+γ)/(1−γ)

×
[
−1− πt+n−1(i, 1)

ω(1)
− (1− πt+n−1(i, 2))ct+n(2)

ω(2)
+

πt+n−1(i, 3)ct+n(3)

ω(3)

]
. (A23)

Substituting the value function (A11) and dividing by V ∗
t , we obtain

∂2Lt(n)

∂Δt+n−1(i)2
= −γπn−1

t (ht, i)πt+n−1(i, 2)
2ω(ht)

βn/γRn(1+1/γ)ct(ht)W 2
t

×
[
πt+n−1(i, 1)

ω(1)
+

(1− πt+n−1(i, 2))
2ct+n(2)

πt+n−1(i, 2)ω(2)
+

πt+n−1(i, 3)ct+n(3)

ω(3)

]
. (A24)

∂2Lt(n)

∂δt+n−1(i)2
= −γπn−1

t (ht, i)πt+n−1(i, 1)
2ω(ht)

βn/γRn(1+1/γ)ct(ht)W 2
t

×
[
(1− πt+n−1(i, 1))

2

πt+n−1(i, 1)ω(1)
+

πt+n−1(i, 2)ct+n(2)

ω(2)
+

πt+n−1(i, 3)ct+n(3)

ω(3)

]
. (A25)

∂2Lt(n)

∂Δt+n−1(i)∂δt+n−1(i)
= −γπn−1

t (ht, i)πt+n−1(i, 1)πt+n−1(i, 2)ω(ht)

βn/γRn(1+1/γ)ct(ht)W
2
t

×
[
−1− πt+n−1(i, 1)

ω(1)
− (1− πt+n−1(i, 2))ct+n(2)

ω(2)
+

πt+n−1(i, 3)ct+n(3)

ω(3)

]
. (A26)

Appendix B. Health and Retirement Study

The Health and Retirement Study (HRS) is a panel survey designed to study the health

and wealth dynamics of the elderly in the U.S.. The data consist of five cohorts: the Study

of Assets and Health Dynamics among the Oldest Old (born before 1924), the Children of

Depression (born 1924 to 1930), the initial HRS cohort (born 1931 to 1941), the War Baby

(born 1942 to 1947), and the Early Baby Boomer (born 1948 to 1953). Many of the variables

that we use come from the RAND HRS (Version L), which is produced by the RAND Center

for the Study of Aging with funding from the National Institute on Aging and the Social

Security Administration. Whenever necessary, we use variables from both the core and exit
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PROPOSITION 1: The solution to the life-cycle problem under complete markets is

C∗
t =ct(ht)

(
At +

T−t∑
s=0

Et[Yt+s −Mt+s|ht]

Rs

)
, (24)

Δ∗
t =

(βR)1/γC∗
t

ω(ht)

(
ω(2)

ct+1(2)
− ω(3)

ct+1(3)

)
−
(

T−t∑
s=1

Et+1[Yt+s −Mt+s|2]− Et+1[Yt+s −Mt+s|3]
Rs−1

)
, (25)

δ∗t =
(βR)1/γC∗

t

ω(ht)

(
ω(1)− ω(3)

ct+1(3)

)
+

T−t∑
s=1

Et+1[Yt+s −Mt+s|3]
Rs−1

. (26)

The average propensity to consume in health state ht ∈ {2, 3} is

ct(ht) =

[
1 +

πt(ht, 1)(βR)1/γω(1)

Rω(ht)
+

3∑
j=2

πt(ht, j)(βR)1/γω(j)

Rω(ht)ct+1(j)

]−1

, (27)

with terminal value cT (hT ) = 1.

Proof: See Appendix A.

The optimal policy equates the marginal utility of consumption or wealth across all future

health states (Yaari (1965)). The expression for optimal health delta Δ∗
t shows that three

forces drive the household’s desire to insure poor health relative to good health. First,

the household would like to deliver relatively more wealth to the health state in which the

marginal utility of consumption is high, determined by the relative magnitudes of ω(2) and

ω(3). Second, the household would like to deliver relatively more wealth to the health state

in which the average propensity to consume is low, determined by the relative magnitudes

of ct+1(2) and ct+1(3). Naturally, the household consumes more slowly out of wealth in good

health, which is associated with longer life expectancy. Finally, the household would like to

deliver relatively more wealth to the health state in which lifetime disposable income (i.e.,

income minus out-of-pocket health expenses) is low. Naturally, the household has lower

lifetime disposable income in poor health, which is associated with shorter life expectancy,

higher health expenses, and potentially lower income.

The same three forces also explain the expression for optimal mortality delta δ∗t . First,

the household would like to deliver relatively more wealth to death if the bequest motive

ω(1) is high. Second, the household would like to deliver relatively more wealth to death

if the average propensity to consume in good health ct+1(3) is high. Finally, the household
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interviews to supplement the RAND HRS. The data consist of 10 waves, covering every two

years between 1992 and 2010.

The HRS continues to interview respondents that enter nursing homes. However, any

respondent that enters a nursing home receives a zero sampling weight because these weights

are based on the non-institutionalized population of the Current Population Survey. There-

fore, the use of sampling weights would lead us to underestimate nursing home expenses,

which account for a large share of out-of-pocket health expenses for older households. Be-

cause nursing home expenses are important for this paper, we do not use sampling weights

in any of our analysis.

Since the third wave, the survey asks bracketing questions to solicit a range of values for

questions that initially receive a nonresponse. Based on the range of values implied by the

bracketing questions, we use the following methodology to impute missing observations. For

each missing observation, we calculate the minimum and maximum values implied by the

responses to the bracketing questions. For each nonmissing observation, we set the minimum

and maximum values to be the valid response. We then estimate the mean and standard

deviation of the variable in question through interval regression, under the assumption of

log-normality. Finally, we fill in each missing observation as the conditional mean of the

distribution in the bracketed range.

A. Out-of-Pocket Health Expenses

Out-of-pocket health expenses from the RAND HRS consist of the total amount paid for

hospitals, nursing homes, doctor visits, dentist visits, outpatient surgery, prescription drugs,

home health care, and special facilities. We measure out-of-pocket health expenses at the

household level as the sum of these expenses for both the male respondent and his spouse

(if married).

Since the third wave, out-of-pocket health expenses at the end of life are available through

the exit interviews. Without end-of-life expenses, we would underestimate the true cost of

poor health in old age, especially in the upper tail of the distribution (Marshall, McGarry,

and Skinner (2011)). Out-of-pocket health expenses from the exit interviews consist of the

total amount paid for hospitals, nursing homes, doctor visits, prescription drugs, home health

care, other health services, other medical expenses, and other nonmedical expenses. For the

last core interview prior to death of the primary respondent, we add out-of-pocket health

expenses at the end of life from the exit interviews.

We estimate the life-cycle profile of out-of-pocket health expenses on the subsample of

households without long-term care insurance using a panel regression with household fixed

effects. We model the logarithm of real out-of-pocket health expenses as a function of
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dummies for 65 or older and poor health, a quadratic polynomial in age, log income, and

the interaction of the dummies with the age polynomial and log income. The dummy for

65 or older accounts for potential changes in household behavior that arise from eligibility

for Social Security and Medicare. We use the estimated regression model to predict out-of-

pocket health expenses in the absence of long-term care insurance by age, health, and birth

cohort.

B. Income

Our measure of income includes labor income, Social Security disability and supple-

mental security income, Social Security retirement income, and unemployment or workers

compensation. It excludes pension and annuity income as well as capital income. We calcu-

late after-tax income by subtracting the federal income tax, estimated through the NBER

TAXSIM program (Version 9). Household income is the sum of income for both the male

respondent and his spouse (if married).

We estimate the life-cycle profile of income using a panel regression with household fixed

effects. We model the logarithm of real after-tax income as a function of a dummy for 65

or older, a quadratic polynomial in age, and the interaction of the dummy with the age

polynomial. We use the estimated regression model to predict income by age and birth

cohort.

C. Life Insurance

The ownership and face value of life insurance come from the core interviews. Term life

insurance refers to individual and group policies that have only a death benefit. Whole life

insurance refers to policies that build cash value, from which the policyholder can borrow

or receive cash upon surrender. In the first to third waves, the face value of all policies is

the sum of the face value of term and whole life insurance. In the fourth wave, only the

face value of all policies, and not the breakdown between term and whole life insurance, is

available. In the fifth to tenth waves, the face value of term life insurance is the difference

between the face values of all policies and whole life insurance.

We estimate the life-cycle profile of the face value of life insurance using a panel regression

with household fixed effects. We model the logarithm of the real face value of life insurance

as a function of dummies for 65 or older and poor health, a quadratic polynomial in age, log

income, and the interaction of the dummies with the age polynomial and log income. We

use the estimated regression model to predict the face value of life insurance by age, health,

and household fixed effects.
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household’s health delta. Average mortality delta is positive for younger households and

negative for older households. This implies that life insurance has a dominant effect on

younger households’ mortality delta, while annuities have a dominant effect for older house-

holds. The cross-sectional variation in mortality delta is significantly higher than that in

health delta throughout the life cycle.

When we calculate the health delta for each household based solely on its ownership

of annuities including private pensions, this partial delta explains 98% of the variation in

the overall health delta. When we calculate the mortality delta for each household in a

similar way, this partial delta explains 56% of the variation in the overall mortality delta. In

addition, Panel C of Table II reports that private pensions, rather than the active purchase of

individual annuities, account for most of private annuitization. Together, these facts imply

that most of the variation in observed health and mortality delta is driven by heterogeneity

in the ownership of private pensions and the default path of annuitization conditional on

ownership

IV. Explaining Household Insurance Choice

We first estimate household preferences based on the observed demand for insurance.

We then compare the observed demand to the optimal demand predicted by the life-cycle

model. Finally, we estimate the welfare cost of deviations from the optimal demand.

A. Estimation Methodology

Proposition 1 shows that the subjective discount factor is not separately identified from

relative risk aversion since it enters through the term (βR)1/γ . Therefore, we calibrate the

subjective discount factor to β = 0.96 annually, which is a common practice in the life-cycle

literature. We also normalize the utility weight for good health to ω(3) = 1. We estimate

the remaining preference parameters, which are relative risk aversion, the bequest motive,

and the utility weight for poor health. For convenience, we denote these parameters as

θ = [γ, ω(1), ω(2)]′.

Heterogeneity in bequest motives is a natural explanation for the significant variation in

observed mortality delta across households. In other words, households with higher mortality

delta in Figure 4 simply have stronger bequest motives, and those with lower mortality delta

have weaker bequest motives. Therefore, we model the bequest motive as heterogeneous

across households, but constant within a household over time. As we discuss in Section III,

most of the variation in observed mortality delta arises from heterogeneity in the ownership

of private pensions. Therefore, a positive relation between mortality delta and the bequest
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