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Mengyi Xu∗, Jennifer Alonso-Garćıa, Adam W. Shao, and Michael Sherris

School of Risk and Actuarial Studies and ARC Centre of Excellence in Population Ageing
Research (CEPAR), UNSW Sydney, Australia.

April 13, 2018

Paper prepared for the 45th Seminar of the European Group of Risk and Insurance Economists

PLEASE DO NOT QUOTE OR CITE WITHOUT AUTHORS’ PERMISSION

Abstract

Individuals have heterogeneous levels of risk aversion and willingness to substitute

consumption over time, as measured by elasticity of intertemporal consumption (EIS). The

widely-used power utility function imposes risk aversion is the reciprocal of EIS. Such a

rigid structure runs the risk of mis-specifying retirees demand for long-term care insurance

(LTCI) and annuities. We use a recursive utility function to break the link between risk

aversion and EIS, and show their different impact on the optimal LTCI coverage and the

optimal annuitisation rate. LTCI insures against uncertain healthcare costs and transfers

consumption from early to late retirement, so retirees of higher risk aversion or/and higher

EIS are likely to demand more coverage. Annuities smooth consumption over time and

reduce precautionary savings to cover health expenditure, so retirees who are less willing

to substitute consumption over time or/and less risk averse would annuitise more.

In addition, retirees tend to have high home ownership rates, and retired homeowners

have a large fraction of household portfolio held in the form of home equity. Our results

show that the presence of home equity generally increases the optimal annuitisation rate

when retirees have no access to LTCI. When both products are available, the presence

of home equity can make annuities more attractive provided that retirees have sufficient

liquid assets. Given retirees tend to liquidate housing assets in the event of moving to a

long-term care facility, home equity can weaken demand for LTCI.
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1 Introduction

Demographic changes and pension scheme transitions have exposed individuals to greater chal-

lenges in financing their retirement. Improved life expectancy at retirement has been observed

across the globe. It is projected that by 2050, female life expectancy at 65 will exceed 30

years in countries like Japan and Singapore; even in less-developed countries like Afghanistan

and Somalia, the figure will reach 15 years (He et al., 2016). Longer life expectancy at 65

means retirees face a harder time allocating their financial resources across time to avoid out-

living their wealth. As life expectancy at older ages increases, individuals are also likely to

spend more time in disability that requires expensive healthcare costs (see e.g. Crimmins and

Beltrán-Sánchez, 2011). Uncertain out-of-pocket healthcare costs represent a key source of risk

during retirement. Older Australians with five or more chronic conditions could spend almost

six times on out-of-pocket healthcare costs as much as those without chronic conditions (McRae

et al., 2012). The burden of retirement planning on individuals is further exacerbated by the

shifts from defined benefit to define contribution plans, which significantly increase individual’s

responsibility in managing various retirement risks.

There has been growing interest in retirement products such as annuities, long-term care insu-

rance (LTCI) to address the challenges in financing retirement. Life annuities are an effective

instrument to hedge against the risk of outliving one’s financial resources. Since the seminal

work of Yaari (1965), a great amount of literature has been devoted to the role of life annuities

in retirement planning (for a review, see Brown, 2009). In addition, LTCI can alleviate the

burden of healthcare costs. Since Pauly (1990) first raises the idea of combing life annuities

with LTCI, a number of recent papers (see e.g. Murtaugh et al., 2001; Brown and Warshawsky,

2013; Wu et al., 2016) have further explored the idea.

Individual preference plays a key role in determining demand for annuities and LTCI. A common

approach is to assume a power utility function. It imposes an inverse relationship between risk

aversion and elasticity of intertemporal substitution (EIS), which measures one’s willingness

to substitute consumption over time. Such a rigid structure can be problematic as individuals

may have heterogeneous levels of risk aversion and EIS. Experimental studies have shown that

risk tolerance and the EIS are essentially uncorrelated across individuals (Barsky et al., 1997),
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and that individuals have relative risk aversion greater than the reciprocal of the EIS (Brown

and Kim, 2013). Therefore it is highly likely that power utility functions capture preference of

only a small group of retirees. To address the drawback in the power utility function, we use

the Epstein-Zin-Weil-type utility (Epstein and Zin, 1989; Epstein and Zin, 1991; Weil, 1989) to

model individual preference. Its ability to separately identify the risk aversion and EIS allows

us to investigate the impact of individual preference on demand for annuities and LTCI.

In addition to using power utility functions to model individual preference, another common

feature in prior studies is to exclude home equity from retirees’ portfolio. Yet the role of housing

wealth among the elderly can hardly be overlooked. Retirees tend to have high home ownership

rates. In both the U.S. and Australia, households headed by people aged 65 and over have one of

the highest home ownership rates among all age groups over the past few decades (U.S. Census

Bureau, 2017; Reserve Bank of Australia, 2015). Retired homeowners have a large fraction

of household portfolio held in the form of home equity. The median ratio of home equity to

all assets is estimated to be 0.56 among the elderly homeowners in the U.S. (Davidoff, 2009).

Home equity is generally not reduced among people who continue to own their homes (Venti

and Wise, 1990; Venti and Wise, 1991; Venti and Wise, 2004). The preserved home equity

will be left to heirs. Selling the house is often associated with losing spouse or entering into a

nursing home (Walker, 2004; Venti and Wise, 2004). This means home equity can supplement

or replace LTCI to pay health expenses.

The present paper aims to investigate the difference between risk aversion and EIS in determi-

ning demand for life annuities and LTCI, and to study the impact of housing wealth on demand

for these two products. We build a multi-period lifecycle model for a single retired homeowner

who faces uncertain lifespan, uncertain out-of-pocket health expenditure, and house price risk.

Individuals can choose between an ordinary life annuity and LTCI at the point of retirement.

Both products have actuarially fair prices. Home equity will either be bequeathed or liquidated

at the point of moving into a long-term care facility. This assumption is based on the empirical

evidence that home equity is rarely spent before death except for moving into a nursing home.

Davidoff (2009) makes a similar assumption. The probabilities of health state transitions are

calibrated to the data from U.S. Health and Retirement study, and the other parameters in the

lifecycle model take commonly used values in the literature.
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Our results show the importance of separately identifying risk aversion and EIS. An individual

with a higher degree of risk aversion wants more LTCI coverage and less annuities (to hold more

precautionary savings in liquid assets). A lower level of EIS has the opposite effect. The power

utility model imposes an inverse relationship on risk aversion and EIS, meaning a more risk

averse individual will inevitably has a lower EIS. Such a rigid structure is unlikely to represent

the preference of a large majority of retirees, so the Epstein-Zin model is more suitable to

determine demand for life annuities and LTCI to accommodate individuals with various levels

of risk aversion and EIS.

The impact of home equity on demand for life annuities depends on the availability of LTCI.

When retirees have no access to LTCI, the presence of home equity generally increases the

optimal annuitisation rate. For retired homeowners who tend to sell the property at the time

of moving into a nursing home, home equity can serve as a bequest and precautionary savings.

Prior research has shown that bequest motive (Lockwood, 2012) or precautionary savings for

healthcare costs (Sinclair and Smetters, 2004; Turra and Mitchell, 2008) can weaken demand

for life annuities. The presence of home equity enhances demand for annuities by lowering the

barrier to annuitisation. When LTCI is also available, the presence of home equity can make

life annuities more attractive if there are sufficient liquid assets. If the amount of liquid assets

is low, the spending on purchasing LTCI can impair demand for life annuities. Given retirees

tend to liquidate housing wealth in the event of moving to a long-term care facility, home equity

typically crowds out demand for LTCI regardless of the availability of life annuities.

The rest of the paper is organised as follows. Section 2 briefly surveys the related literature.

Section 3 discusses the lifecycle model in detail. Section 4 presents the findings from the

base case analysis and sensitivity analysis on wealth endowment and preference parameters.

Section 5 concludes.

2 Literature review

The present paper is most closely related to the strand of literature that studies the optimal

consumption and portfolio choice for retired homeowners. The early papers tend to use a one-

or two-period model to obtain analytical results. For example, Davidoff (2009) uses a two-
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period model to show that illiquid home equity can crowd out demand for annuities and LTCI

separately, and can reverse the complementarity between annuities and LTCI; Davidoff (2010)

uses a one-period model to show that home equity can weaken demand for LTCI. Hanewald et

al. (2016) compare the two home equity release products, reverse mortgage and home reversion

plan, and conclude that reverse mortgage gives higher utility gains. The research has been

extended to multi-period settings and to focus on different aspects of retirement. Yogo (2016)

studies the optimal consumption, health expenditure, and portfolio allocation, focusing on

the interaction among health status, healthcare costs, and portfolio share in housing. Shao

et al. (2017) build on the work of Davidoff (2010) and Hanewald et al. (2016) to investigate

the complementarity between LTCI and reverse mortgage. Andréasson et al. (2017) discuss the

impact of means-tested public pension on the optimal decisions. Our contribution to this strand

of literature is to use a recursive utility framework. By separately identifying risk aversion and

EIS, we examine their different impact on demand for annuities and LTCI.

The paper is also related to several strands of literature that studies demand for annuities and/or

LTCI when individuals face uncertain healthcare cost. One major strand of literature tries to

link the lack of annuitisation (i.e. the so-called ‘annuitisation puzzle’) to medical expenditures

(see e.g. Sinclair and Smetters, 2004; Turra and Mitchell, 2008; Pang and Warshawsky, 2010;

Peijnenburg et al., 2015). A growing strand of literature considers the interaction between

annuities and LTCI, and a number of papers show annuities and LTCI are complements (see

e.g. Ameriks et al., 2008; Wu et al., 2016). Our contribution is to include housing wealth in

the household portfolios to examine its impact on demand for annuities and LTCI.

The last strand of literature looks at the optimal portfolio choice in the presence of housing

investment to explain the composition of household portfolios over the lifecycle (see e.g. Flavin

and Yamashita, 2002; Cocco, 2004; Hu, 2005; Yao and Zhang, 2005). They usually focus on

the sources of risk in the pre-retirement stage, e.g. labour income risk. Our paper considers the

common risks in the post-retirement phase, including uncertain lifespan and health expenditure.
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3 Lifecycle model in retirement

We set up a discrete-time lifecycle model starting at retirement. The model consists of a series

of one-year period that is indexed by t ∈ {1, 2, · · · , T, T + 1}1. The individual retires at t = 1

aged 65, and her maximum attainable age is 100, so T = 36. All variables are defined in real

terms.

3.1 Health dynamics and costs

We follow Ameriks et al. (2011) to model the retiree’s health status with states ‘1’ (healthy), ‘2’

(mildly disabled), ‘3’ (severely disabled), and ‘4’ (dead). The categorisation of the first three

states is based on the number of difficulties in independently performing Activities of Daily

Livings (ADLs). There are usually a total of six ADLs: dressing, walking, bathing, eating,

transferring and toileting. Mildly disabled state is defined as having 1 – 2 ADL difficulties, and

severely disabled state is defined as having 3 – 6 ADL difficulties. The health state at period t

is denoted as st.

The health state transitions are modelled using a Markov process. Fong et al. (2015) shows

a significant proportion of the elderly can recover from disabled state to healthy state. On

the other hand, severe disability is usually chronic in nature that substantially reduces the

possibility of recovery (Ferri and Olivieri, 2000; Olivieri and Pitacco, 2001). We therefore

allow for transition from the mildly disabled state to the healthy state and do not allow for

recoveries from the severely disabled state. Figure 1 depicts the health state transitions, where

σjk (j ∈ {1, 2, 3}, k ∈ {1, 2, 3, 4}) denotes the transition intensity.

Given the transition intensities, σjk, the transition probabilities, π(k|j), can be solved through

Kolmogorov equations. In particular, we assume the transition intensities are constant within

1Note that the latest possible consumption occurs at t = T . The last time index T + 1 is for the purpose of
bequest only.
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Figure 1. Four-state Markov process that models health state transitions.

an integer age. Then the annual transition probabilities for each integer age are given by



π(1|1) π(2|1) π(3|1) π(4|1)

π(1|2) π(2|2) π(3|2) π(4|2)

π(1|3) π(2|3) π(3|3) π(4|3)

π(1|4) π(2|4) π(3|4) π(4|4)


= exp





σ11 σ12 σ13 σ14

σ21 σ22 σ23 σ24

0 0 −σ34 σ34

0 0 0 0




,

where σ11 = −(σ12 + σ13 + σ14), σ22 = −(σ21 + σ23 + σ24), and exp[·] refers to the matrix

exponential.

We follow Ameriks et al. (2011) to model the out-of-pocket health expenditure (ht ≡ h(st, t)) as

a deterministic process given the health state, st. Since the healthcare inflation usually exceeds

that of the consumer price index (CPI), it is assumed that the relative price of healthcare

increases at a rate of q per annum.

3.2 Housing and financial assets

Given that a large majority of retired homeowners have paid off their mortgages, the model

assumes the individual lives in a mortgage-free home at retirement. In addition, empirical data

shows that housing assets are rarely drawn upon unless the retiree moves to a long-term care

facility (see e.g. Venti and Wise, 2004). It is assumed that the retiree will liquidate the house

when she becomes severely disabled and subsequently moves to a nursing home. The house

has a gross rate of return RH,t+1 from time t to time t + 1, where ln(RH,t+1) follows a normal

distribution with mean µH and variance σ2
H . The liquid assets earn a constant risk-free return

of Rf . We abstract from the equity market.
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3.3 Retirement products

At retirement, the individual has access to two types of retirement products, life annuities and

LTCI, both of which are offered by private companies. The retiree decides the proportion (α) of

liquid assets to annuitise and the percentage coverage (λ) of LTCI to purchase. The decisions

are made at retirement only. The public offering of similar products is not explicitly considered

in the model. Nevertheless, the individual’s endowment at retirement can be perceived as

including the expected present value of public pension paid during retirement, and the out-of-

pocket health expenditure can be seen as net of any publicly funded schemes.

The life annuity is of an ordinary type that provides annual level payment for the remaining

lifetime of the annuitant. The payment starts at the beginning of the first period. The annuity

is charged at an actuarially fair price. Given an α proportion of liquid assets annuitised at

retirement, the annual income from annuity is given by

Y =
αB∑T

t=1R
−(t−1)
f t−1p65,s1

, (1)

where B denotes the initial endowment of liquid assets, t−1p65,s1 denotes the probability that a

65-year-old individual with health state s1 will survive for the next (t− 1) years.

The LTCI covers healthcare costs when the policyholder is severely disabled (i.e. health state

3). The premium is assumed to be paid as a lump sum and to exclude any loadings on the

product. The actuarially fair premium (P) for a full coverage LTCI policy is given by

P =
T∑
t=2

R
−(t−1)
f π(st = 3|s1)h(st = 3, t). (2)

3.4 Budget constraints and wealth dynamics

In the first period, the retiree is endowed with liquid wealth of B and housing wealth of WH,

and the retiree is in the healthy state (i.e. health state 1). She then decides the proportion of

liquid assets to annuitise and the LTCI coverage to purchase. After that, she receives income

from annuity (if any), incurs the healthcare cost, and decides how much to consume. Let B1

denote the amount of liquid assets available after purchasing the retirement products. It is
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given by

B1 = (1− α)B− λP, B1 ≥ 0. (3)

Starting from the second period, the retiree enters the period t with health state st and wealth

Wt, which consists of housing wealth WH
t and liquid wealth Bt. Note that Wt, W

H
t , and Bt

denote the amount available at the beginning of the period t (i.e. before any action is taken)

except for B1, which is specified otherwise in Equation (3). The timing of events is as follows.

1. If st = 4, the individual is deceased, so the wealth Wt is bequeathed.

2. If st < 4, one of the following events will occur.

(a) If st = 3 and st−1 ∈ {1, 2}, the individual will liquidate the home equity and move

into a residential care facility.

(b) If st = 3 and st−1 = 3, the individual will remain staying at the residential care.

(c) If st < 3, the individual will remain living at home.

3. If st < 4, the health costs ht are incurred and a consumption decision (Ct) is made. The

remaining liquid assets earn a risk-free return Rf .

The chosen consumption level must not fall below the consumption floor Cf to ensure a mini-

mum standard of living. If the individual’s budget cannot support the minimum consumption

level, we assume the government will provide subsidy to increase the consumption level to Cf ,

and that the liquid wealth in the next period will be zero.

The budget constraint for liquid assets B is given by

B2 =
(
B1 + Y − h1 − C1

)+
Rf ;

for t ∈ {2, 3, · · · , T},

Bt+1 =


(
Bt + Y − ht − Ct

)+
Rf if st ∈ {1, 2}(

Bt + Y +WH
t 1{st−1∈{1,2}} − (1− λ)ht − Ct

)+
Rf if st = 3

,

(4)

where (·)+ is defined as max(·, 0).
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The budget constraint for total wealth W is given by

W2 = B2 +WH
1 RH,2, where WH

1 = WH;

for t ∈ {2, 3, · · · , T},

Wt+1 =


Bt+1 +WH

t RH,t+1 if st ∈ {1, 2}

Bt+1 if st = 3

.

(5)

3.5 Preferences

Individuals in the model are assumed to have Epstein-Zin-Weil-type preferences (Epstein and

Zin, 1989; Epstein and Zin, 1991; Weil, 1989) over non-housing consumption and a bequest.

The housing service consumption is not directly included in the utility function. The housing

wealth contributes to the utility through bequest or liquidation of housing that alleviates the

budget constraint caused by excessive medical care costs.

The Epstein-Zin model generalises the power utility model in that it can separately identify the

risk aversion and EIS. The two elements are intrinsically different. Risk aversion describes an

individual’s willingness to substitute consumption across different states of the world, whereas

EIS describes an individual’s willingness to substitute consumption over time. When the indi-

vidual’s EIS (ψ) is the reciprocal of the coefficient of relative risk aversion (γ), the Epstein-Zin

model reduces to the power utility model.

The preferences are specified by

Vt ≡ V (Bt,W
H
t , st, t)

= max
Ot

{
(1− β)C1−ρ

t + β

[
Et
[∑
k 6=4

π(st+1 = k|st)V (Bt+1,W
H
t+1, st+1 = k, t+ 1)1−γ

+ π(st+1 = 4|st)bγW 1−γ
t+1

]] 1
θ

} 1
1−ρ

, θ =
1− γ
1− ρ

;

Ot =


{λ, α, Ct}, for t = 1;

{Ct}, for t = 2, · · · , T.

(6)

The notation Vt is the indirect utility value at time t, β the subjective discount factor, ρ the
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inverse of EIS (i.e. ρ = 1/ψ), E the expectation operator, b the strength of bequest motive.

The subjective discount factor (β) measures an individual’s impatience to defer consumption.

It takes values between zero and one, with a lower value meaning less willingness to postpone

the consumption. The strength of bequest motive (b) takes non-negative values, with a higher

value meaning a stronger bequest motive.

3.6 Optimisation problem and solution method

Individuals optimise over consumption, annuitisation rate, and insurance coverage to maximise

the expected lifetime utility in (6), subject to conditions (1) to (5). We set up grid points on

liquid wealth, housing wealth, and current health state to solve the optimisation problem. The

method of endogenous grid points (Carroll, 2006) is used to set up the grid points for the liquid

assets. The grid points on housing wealth are given exogenously. The lognormal distribution

of house price growth is discretised by Gauss-Hermite quadrature. The first-order condition

for consumption can be solved analytically to speed up the solution process. The analytical

form is derived in Appendix A. The optimisation problem is solved backward, starting from

the last period. For the points not lying on the grid, a hybrid interpolation method introduced

in Ludwig and Schön (2016) is used to find the optimal consumption and the indirect utility

value. The method is illustrated in Appendix B.

The optimal annuitisation rate and LTCI coverage are solved in the first period using the

following steps. First set up the grid points on annuitisation rate and LTCI coverage. On each

grid point, solve the optimal consumption and indirect utility levels backwards from the last

period to the first period. Given the initial liquid wealth and housing wealth, the indirect utility

value in the first period for a healthy individual can be found through the hybrid interpolation

method. The optimal annuitisation rate and LTCI coverage are found by searching for the grid

point that gives the highest value of indirect utility.

11



3.7 Model parameterisation

3.7.1 Health dynamics

The health state transition is estimated using the data from U.S. Health Retirement Study

(HRS). HRS surveys a nationally representative sample of Americans over age 50 every two

years, starting from 1992. The data from 1998 to 2010 is used due to inconsistent question

structure before 1998. The data for female is chosen to calculate the crude transition rates,

which are then graduated using Poisson generalised linear model (Fong et al., 2015). We choose

female data since they face greater challenges in retirement planning. Females have longer life

expectancy than males, and they tend to spend more years in disabled state (Fong et al., 2015).

The estimation procedure begins with counting number of transitions and exposure years for

each integer age between 50 and 100. The aggregate results in five-year interval are shown in

Tables 1 and 2. The crude transition rates are then graduated using a generalised linear model

(GLM) with the log link function. In particular, the number of transitions at age x is assumed

to follow a Poisson distribution with mean (mx) defined as a polynomial function of age with

degree K

mx = ex

K∑
k=0

ηkx
k, (7)

where ex is the central exposure to risk for x-year-old individuals, ηk the coefficients of the

polynomial. The degree of polynomial is selected based on Akaike information criterion cor-

rected for sample size (AICc), Bayesian information criterion (BIC), and the likelihood ratio

test. Table 3 shows the results of selection criteria. The chosen degree of polynomial value is

in bold for each set of nested models.
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Table 1. Number of transitions between different health states.

1 → 2 1 → 3 1 → 4 2 → 1 2 → 3 2 → 4 3 → 4

50 – 54 67 21 8 52 13 2 4
55 – 59 280 40 55 212 69 27 16
60 – 64 458 74 114 436 129 37 36
65 – 69 553 112 193 474 147 86 79
70 – 74 575 107 226 441 178 97 86
75 – 79 579 144 257 349 157 116 171
80 – 84 570 162 315 338 190 166 242
85 – 89 445 172 302 235 211 212 312
90 – 94 218 92 160 86 156 172 296
95 – 100 52 24 51 18 76 75 174

Total 3,797 948 1,681 2,641 1,326 990 1,416

Note: ‘1’ is healthy state, ‘2’ mildly disabled state, ‘3’ severely disabled
state.

Table 2. Number of exposure years in healthy, mildly disabled, and severely disabled states.

Healthy Mildly disabled Severely disabled

50 – 54 4,527.18 361.92 121.51
55 – 59 10,816.97 1,136.76 387.61
60 – 64 15,721.89 1,811.16 692.93
65 – 69 16,610.65 2,146.23 802.31
70 – 74 13,975.53 2,079.22 948.19
75 – 79 10,807.98 2,164.77 1,071.76
80 – 84 7,512.86 2,131.81 1,242.44
85 – 89 3,870.87 1,826.11 1,457.01
90 – 94 1,235.42 965.27 1,006.33
95 – 100 235.92 265.35 421.37

Total 85,315.27 14,888.60 8,151.45
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Table 3. Model selection of the Poisson generalised linear model.

K AICc BIC Dc ∆Dc

Disability
σ12: healthy to mildly disabled

1 334.84 337.96 87.51
2 304.56 309.05 54.90 32.62***
3 303.87 309.61 51.74 3.16*

σ13: healthy to severely disabled
1 260.49 263.60 64.61
2 247.74 252.23 49.53 15.08***
3 246.66 252.40 45.99 3.54*

σ23: mildly disabled to severely disabled
1 316.44 319.55 100.70
2 279.25 283.74 61.17 39.52***
3 279.14 284.88 58.60 2.57

Recovery
σ21: mildly disabled to healthy

1 301.16 304.27 73.30
2 292.57 297.06 62.38 10.92***
3 294.97 300.72 62.32 0.06

Mortality
σ14: healthy to dead

1 272.53 275.64 51.01
2 265.01 269.50 41.16 9.85***
3 267.02 272.77 40.71 0.45

σ24: mildly disabled to dead
1 246.79 249.90 45.02
2 243.68 248.18 39.58 5.44**
3 244.11 249.85 37.54 2.04

σ34: severely disabled to dead
1 245.02 248.13 29.59
2 247.35 251.85 29.58 0.00
3 247.45 253.20 27.22 2.36

Note: Dc is the residual deviance statistics. ∆Dc denotes the test statistics for the like-
lihood ratio test. * is for statistic that is significant at the 10% level, ** at the 5% level,
*** at the 1% level.
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3.7.2 Other parameters

The other parameters used in the numerical simulation take the commonly used values in the

literature. They are displayed in Table 4. The sources of the parameters, unless otherwise

specified, are listed in the brackets.

Table 4. The parameter values used for the base case.

Parameter Explanation Value

Asset returns (Yogo, 2016)
Rf Risk free rate 1.025
µH Parameters of the lognormal distribution 0.34%
σ2
H of house price growth 3.5%

Consumption floor (Ameriks et al., 2011)

Cf Floor for healthy and mildly disabled states $4,630
Floor for severely disabled states $5,640

Health expenditure (Ameriks et al., 2011)
h(s1, 1) Initial cost for healthy state $1,000
h(s2, 1) Initial cost for mildly disabled state $10,000
h(s3, 1) Initial cost for severely disabled state $50,000
q† Health expenditure inflation in excess of CPI inflation 1.90%

Preference (Pang and Warshawsky, 2010)
b Strength of bequest motive 2
β Subjective discount factor 0.96
γ Coefficient of relative risk aversion 5
ψ Elasticity of intertemporal substitution 0.5

† Source: Yogo (2016).

4 Results

4.1 Base case analysis

In the base case analysis the individual is endowed with $220,000 liquid wealth and $280,000

housing wealth at retirement. The $220,000 liquid wealth is based on the median level of total

wealth (consisting of pre-annuitised wealth and liquid financial wealth) for a single woman U.S.

household in the HRS estimated by Peijnenburg et al. (2015). The $280,000 housing wealth

leads to a home-equity-to-all-assets ratio of 0.56, which is consistent with the median ratio

among homeowners estimated by Davidoff (2009). The individual is healthy at retirement.

Based on the estimated health transition probabilities, the annuity costs about $14.89 for $1
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annual income, and the full coverage of LTCI costs $94,752.31.

After solving the optimal decision rules defined on the state space, the time-series profiles of

retiree’s optimal consumption can be obtained through simulation. Specifically, we first simulate

house price growths and health states, and then use the optimal policy rules to calculate the

optimal consumption. The simulation is run for 200,000 times. Figure 2 shows the simulated

housing wealth values in the absence of liquidation. Should the retiree fall into the severely

disabled state, the amount of cash from liquidating housing asset alone can support the health

expenditure for several years.
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Figure 2. Simulated housing asset values in the absence of liquidation. The individual is endowed
with $280,000 housing asset at retirement.

Figure 3 shows the survival curve and the simulated proportions of survivors in each health state

for individuals who are healthy at retirement. The estimated health transition probabilities

predict that a 65-year-old healthy female has about 50% chance of living beyond age 85, and

that the probability of becoming severely disabled increases exponentially after age 85. Table 5

summarises the number of years spent in each health state and the age of entering into each

health state. Conditional upon becoming severely disabled, the average age of occurrence is

around 82. The remaining life expectancy after becoming severely disabled is about two years.
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Figure 3. (Left Panel) Survival curve and (Right Panel) simulated proportions of survivors in each
health state. Individuals are healthy at retirement.

Table 5. Number of years spent in each health state and age of entering into each health state
conditional upon occurrence: mean, standard deviation (Std), and 95% confidence interval (CI).

Health state
Duration Starting age

Mean Std 95% CI Mean Std 95% CI

Healthy 14.9 7.5 (2, 29) 65 0 (65, 65)
Mildly disabled 2.3 3.3 (0, 11) 76.9 7.3 (66, 92)
Severely disabled 2.1 3.8 (0, 13) 81.8 8.2 (67, 96)

4.1.1 Impact of risk aversion and EIS

The key advantage of the Epstein-Zin model over the power utility function is the separation

of risk aversion and EIS. Table 6 shows the importance of not imposing an inverse relationship

on these two parameters.

The coefficient of relative risk aversion reflects an individual’s attitude towards risk. A lower

value means the individual is more risk tolerant, hence requiring less LTCI coverage. Demand

for life annuities is increased because fewer precautionary savings in the form of liquid assets

need to be hold. The EIS reflects an individual’s willingness to substitute consumption over

time. A higher value means the individual is less concerned about consumption smoothing year

after year, and relatively more concerned about insuring against health risk. A higher value of

EIS therefore leads to a stronger demand for the LTCI and weaker demand for life annuity.

If an individual’s preference is defined according to a power utility function, a higher degree of

risk aversion inevitably leads to a lower level of EIS. Table 6 shows that a higher degree of risk

aversion and a lower level of EIS have opposite effects on the optimal LTCI coverage and the
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Table 6. Optimal annuitisation rate as a proportion of liquid wealth (% Liquid) and as a proportion
of total wealth (% Total), and optimal LTCI coverage (LTCI) for different values of γ and ψ.

Single product Both products

Annuity only LTCI Annuity
LTCI

% Liquid % Total only % Liquid % Total

Base case 0.94 0.41 0.89 0.65 0.29 0.81

Coefficient of relative risk aversion
γ = 2† 1.00 0.44 0.85 0.68 0.30 0.74
γ = 10 0.27 0.12 0.91 0.64 0.28 0.83

Elasticity of intertemporal substitution
ψ = 0.2† 1.00 0.44 0.85 0.67 0.29 0.76
ψ = 0.7 0.91 0.40 0.95 0.63 0.28 0.85

† When γ = 2 or ψ = 0.2, the Epstein-Zin model defined in Equation (6)
reduces to the power utility model.

optimal annuitisation rate. The power utility model is therefore inadequate in determining the

demand for annuities and LTCI when the individual’s risk aversion does not coincide with the

inverse of her EIS.

4.1.2 Impact of home equity

Table 7 shows the optimal annuitisation rate and the optimal LTCI coverage in the absence and

in the presence of housing wealth. When annuities alone are available in the market, illiquid

housing wealth significantly enhances the demand for annuities. The increased annuitisation

rate is related to the dual role of housing wealth in the model. A large proportion of precau-

tionary savings for healthcare costs are held in the form of home equity. If the wealth locked

in the home equity is not released, it will be bequeathed to fulfil the bequest motive. Prior

research has found that the need for liquidity to cover sizeable health expenditure (Sinclair and

Smetters, 2004; Turra and Mitchell, 2008) and bequest motive (Lockwood, 2012) tend to limit

demand for annuities. The presence of home equity therefore lowers the barrier to annuitisa-

tion. When LTCI alone is available in the market, illiquid housing wealth reduces demand for

LTCI regardless of whether life annuities are available. This confirms the role of home equity

as insurance against healthcare costs.

When both products are accessible and retirees have no illiquid home equity, Table 7 shows that
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Table 7. Optimal annuitisation rate as a proportion of liquid wealth (% Liquid) and as a proportion
of total wealth (% Total), and optimal LTCI coverage (LTCI) for the base case.

Wealth ($000)
Single product Both products

Annuity only LTCI Annuity
LTCI

Liquid Housing % Liquid % Total only % Liquid % Total

500 0 0.30 0.30 0.93 0.71 0.71 0.92
220 280 0.94 0.41 0.89 0.65 0.29 0.81

LTCI significantly increases demand for life annuities because the insurance reduces the need

to hold precautionary savings against uncertain healthcare cost. This result is in line with the

prior research showing that including elements of LTCI to annuities can enhance the demand for

standard life-contingent annuities (see e.g. Ameriks et al., 2008; Wu et al., 2016). When retirees

have a significant proportion of wealth locked in illiquid home equity, however, LTCI reduces

the optimal annuitisation rate. As a result, it seems that illiquid home equity reduces demand

for life annuities when LTCI is also available in the market. In fact, as later to be examined

in the sensitivity analysis, whether or not illiquid housing wealth reduces demand for annuities

depends on the amount of liquid wealth. In the base case, the amount of liquid wealth available

($220,000) is relatively low, and retirees find it optimal to purchase a substantial coverage of

LTCI (which costs about $76,749.37, or 35% of liquid wealth). Therefore the optimal proportion

of liquid wealth to be annuitised is reduced.

4.1.3 Optimal consumption

Figure 4 shows the simulated average consumption in four different cases: 1) no access to

either LTCI or life annuities; 2) access to life annuities only; 3) access to LTCI only; 4) access

to both LTCI and life annuities. The consumption excludes the healthcare costs. As discussed

in Figure 3, the likelihood of becoming severely disabled grows exponentially after age 85. The

severely disabled state is associated with expensive healthcare costs which can constrain the

consumption if LTCI is not accessible to retirees. On the other hand, purchasing LTCI involves

a lump sum payment at retirement, which can reduce the consumption at early retirement.

As a result of these two factors, Figure 4 shows two intersections at around age 85. Com-

pare individuals with no access to either product (dotted line) to those with access to LTCI

only (dash-dot line). The former group, on average, consumes more before 85 and consumes
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substantially less afterwards. The comparison between the rest two groups shows a similar

pattern.
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Figure 4. Simulated average consumption (excluding healthcare costs) paths at different annuitisa-
tion rates and LTCI coverage.

Figure 4 also shows a contrasting feature of consumption when no products are available and

when at least one product is accessible to retirees. When no products are available, the average

consumption shows a downward trend before increasing slightly after age 97. By contrast,

when at least one product is accessible, the average consumption remains relatively flat before

increasing significantly at early 90s. The home equity liquidation does not materially enhance

the average consumption because of the excessive healthcare costs. Figure 5 compares the

average consumption with and without healthcare costs assuming no products are available in

the market. In the absence of healthcare costs, the average consumption increases substantially

after around age 90 due to home equity liquidation. Figure 4 shows that life annuities alone

can also improve the consumption at late retirement. This is due to the mortality premium,

which is higher at more advanced ages.
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Figure 5. Simulated average consumption (excluding healthcare costs) paths with and without
healthcare cost. Neither life annuity nor LTCI is available in the market.

Figure 6 shows the average liquid asset paths at different annuitisation rates and LTCI coverage.

Compare the two cases where only the life annuity is available (dashed line) and where both

products are available (solid line). Individuals, on average, accumulate more liquid assets in

the former case for the purpose of precautionary savings to cover healthcare expenditure. In

addition, the liquid assets tend to decrease at a faster rate when neither product is available

(dotted line) compared to the case where only LTCI is available (dash-dot line) because the

healthcare cost in the severely disabled state is partially covered by the insurance in the latter

case.
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Figure 6. Simulated average liquid wealth paths at different annuitisation rates and LTCI coverage.

21



4.2 Sensitivity analysis: Wealth endowment

The section investigates the impact of wealth endowment and its composition on the optimal

product choice. The wealth endowment doubles and halves compared to the base case, and

the ratio of home equity to total wealth varies from less than 30% to over 80% to capture a

wide range of household portfolio compositions. Table 8 shows the optimal annuitisation rate

and LTCI coverage in each scenario. For comparison purposes, the case without illiquid home

equity in each wealth level is also shown in the table.

Table 8. Optimal annuitisation rate as a proportion of liquid wealth (% Liquid) and as a proportion
of total wealth (% Total), and optimal LTCI coverage (LTCI) for different wealth endowments.

Wealth ($000)
Single product Both products

Annuity only LTCI Annuity
LTCI

Total Liquid Housing % Liquid % Total only % Liquid % Total

250 250 0 0.26 0.26 0.00 0.50 0.50 0.98
250 180 70 0.35 0.25 1.00 0.48 0.35 0.98
250 110 140 0.00 0.00 1.00 0.13 0.06 1.00
250 40 210 0.00 0.00 0.42 0.00 0.00 0.42

500 500 0 0.30 0.30 0.93 0.71 0.71 0.92
500 360 140 0.54 0.39 0.97 0.78 0.56 0.83
500 220 280 0.94 0.41 0.89 0.65 0.29 0.81
500 80 420 1.00 0.16 0.84 0.00 0.00 0.84

1,000 1,000 0 1.00 1.00 1.00 0.73 0.73 0.96
1,000 720 280 1.00 0.72 0.82 0.89 0.64 0.83
1,000 440 560 1.00 0.44 0.60 0.88 0.39 0.55
1,000 160 840 1.00 0.16 0.30 0.84 0.13 0.27

Housing wealth generally crowds out the demand for the LTCI except when the total wealth

level is too low, e.g. $250,000. Compare the optimal LTCI coverage between the scenarios

with and without home equity when the total wealth is $500,000 or $1,000,000. The presence

of illiquid home equity reduces the optimal insurance coverage regardless of the availability of

annuities. The only exception is when retirees are endowed with $500,000 total wealth and

they can only purchase LTCI. The optimal insurance coverage increases slightly from 93% to

97% when the endowment includes $140,000 housing wealth. The small increment is related

to the fact that the liquid wealth left after purchasing LTCI can also hedge against uncertain

healthcare costs. When housing wealth endowment is relatively low, its hedging effectiveness

22



is marginally inferior to that of liquid wealth. Retirees therefore want to purchase more LTCI

coverage. Compare the optimal LTCI coverage among the scenarios with home equity when

the total wealth is $500,000 or $1,000,000. It decreases as home equity endowment increases,

except when the retiree is extremely cash poor and asset rich (e.g. endowed with $80,000 liquid

wealth out of $500,000 total wealth).

When individuals are endowed with a relatively low level of total wealth, i.e. $250,000, they

purchase nearly the full LTCI coverage subject to their budget constraints2. The government

subsidy that guarantees a minimum level of consumption plays a role in the high take-up of

insurance. LTCI primarily severs to transfer the consumption from healthy state to severely

disabled state. When the amount of liquid wealth is low, a higher LTCI coverage has no

material impact on the consumption levels in the healthy state as they remain close to the

consumption floor (the left panel of Figure 7). On the other hand, a higher insurance coverage

can significantly improve the consumption level in the severely disabled state (the right panel

of Figure 7), lifting the lifetime utility. As a result, retirees are willing to purchase a high

insurance coverage when their liquid wealth is very limited.
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Figure 7. Simulated average consumption (excluding healthcare costs) paths of individuals at diffe-
rent health states: (Left Panel) healthy; (Right Panel) severely disabled. The annuitisation rates are
zero in both panels. Individuals are endowed with $180,000 liquid wealth and $70,000 housing wealth.

In terms of demand for annuities, Table 8 shows that when life annuities alone are accessible

to retirees, home equity increases the optimal proportion of liquid wealth to be annuitised

unless the liquid wealth is too low (where no annuitisation is optimal) or total wealth is high

2When individuals are endowed with $40,000 liquid wealth, 42% is the maximum LTCI coverage they can
afford.
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(where full annuitisation is optimal even without housing wealth). This finding is consistent

with the base case analysis. When both annuities and LTCI are available in the market, home

equity can increase or decrease demand for life annuities depending on the amount of liquid

wealth. Compare the optimal annuitisation rates between scenarios with and without home

equity. When liquid wealth is sufficiently high (e.g. $360,000 liquid wealth out of $500,000

total wealth), the presence of home equity increases the optimal proportion of liquid assets to

be annuitised and vice versa. In the model the risk of uncertain healthcare costs is more severe

than the risk of outliving one’s financial resources, so retirees value LTCI more than life annuity.

When allocating the liquid assets between annuities and LTCI, they are willing to satisfy the

demand for LTCI at the cost of a lower annuitisation level. The presence of home equity for

a given level of total wealth decreases the amount of liquid wealth available, so retirees might

reduce the optimal annuitisation rate (as a percentage of liquid wealth) to fulfil demand for

LTCI. Compare the demand for annuities among scenarios with home equity controlling for the

level of total wealth. The optimal annuitisation rate decreases as home equity value increases.

An increasing home equity reduces both the spending on LTCI and the amount of liquid wealth.

The net effect is that the spending on LTCI as a proportion of liquid wealth increases, so the

optimal annuitisation rate, as a percentage of liquid wealth, decreases.

4.3 Sensitivity analysis: Other preference parameters

This section performs sensitivity analysis on the values of the parameters (besides risk aversion

and EIS) that determine an individual’s preference. The optimal product choices are shown in

Table 9. Overall the optimal annuitisation rate and LTCI coverage are relatively robust when

both products are accessible. When life annuities alone are available, the optimal annuitisation

rate is sensitive to different sets of parameters.

Purchasing LTCI transfers the wealth from early retirement to late retirement and to estates.

Consequently, a stronger bequest motive leads to a higher LTCI coverage. A lower subjective

discount factor means the individual is less willing to postpone the consumption. Since pur-

chasing LTCI reduces the consumption at early retirement, a lower subjective discount factor

reduces demand for LTCI.
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Table 9. Optimal annuitisation rate as a proportion of liquid wealth (% Liquid) and as a proportion
of total wealth (% Total), and optimal LTCI coverage (LTCI) for different values of b and β.

Single product Both products

Annuity only LTCI Annuity
LTCI

% Liquid % Total only % Liquid % Total

Base case 0.94 0.41 0.89 0.65 0.29 0.81

Strength of bequest motive
b = 1 1.00 0.44 0.78 0.68 0.30 0.74
b = 4 0.20 0.41 0.94 0.63 0.28 0.85

Subjective discount factor
β = 0.93 0.59 0.26 0.75 0.49 0.22 0.72
β = 0.99 1.00 0.44 0.96 0.63 0.28 0.85

† When γ = 2 or ψ = 0.2, the Epstein-Zin model defined in Equation (6)
reduces to the power utility model.

5 Conclusions

Individual preference plays a key role in determining one’s demand for retirement financial

products. In addition, the high home ownership rate among the elderly and the significance

of home equity in household portfolios among retired homeowners suggest the importance

of home equity in retirement planning. We study the impact of preference parameters and

housing wealth on the demand for life annuities and LTCI in a lifecycle framework. Individual

preference is represented by an Epstein-Zin-Weil type utility function. The individual chooses

an annuitisation rate and LTCI coverage at retirement, and consumption over the course of

retirement. Upon becoming severely disabled, the retired homeowner will liquidate her home

equity and move to a long-term care facility. Retirees face multiple sources of risk from uncertain

healthcare costs, uncertain lifespan, and house price shocks.

The results show the importance of separately identifying risk aversion and EIS. An individual

with a higher degree of risk aversion wants more LTCI coverage and less annuities (to hold

more precautionary savings in liquid assets), whereas a lower level of EIS has the opposite

effect. Since the power utility model imposes an inverse relationship on risk aversion and EIS,

it is unable to disentangle the impact of these two factors. For a large majority of retirees whose

risk aversion does not coincide with their EIS, it is more appropriate to apply the Epstein-Zin

model.
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The presence of home equity typically increases the optimal annuitisation rate when life annui-

ties alone are available in the market. Prior studies show that precautionary savings for sizeable

health expenditures (Sinclair and Smetters, 2004; Turra and Mitchell, 2008) and bequest motive

(Lockwood, 2012) are among a number of factors that can dampen demand for life annuities.

For retired homeowners who tend to sell the property at the time of moving into a nursing

home, home equity is both a form of precautionary savings and bequest. The presence of

home equity therefore lowers the barrier to annuitisation. When retirees have access to both

life annuities and LTCI, the presence of home equity can enhance demand for annuities if the

retiree has sufficient liquid assets. Otherwise, the spending on LTCI can impair demand for life

annuities. The demand for LTCI is generally crowded out by home equity since the liquidation

of housing wealth tends to be highly correlated with the payment of LTCI.

Our research has practical implications on the offering of retirement products. Both life annui-

ties and LTCI are effective instruments to manage post-retirement risks and to maintain living

standard at retirement. For a given wealth level, the proportion of illiquid home equity in

the portfolio can have a large impact on demand for annuities and LTCI. It is important to

differentiate between homeowners and non-homeowners when providing the products.
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Appendix

A First-order condition for consumption

This section derives the first-order condition for consumption given the LTCI coverage and

annuitisation decisions have been made. The method of solving optimal annuitisation rate and

LTCI coverage is discussed in Section 3.6. The techniques used below build on the derivations

in Chapter 6 of Munk (2013) who solves the optimal consumption problem for an individual

with no bequest motive or health risk.

The first-order condition for Ct implies that

(1− β)C−ρt = β

{
Et

[∑
k 6=4

π(st+1 = k|st)V 1−γ
t+1 + π(st+1 = 4|st)bγW 1−γ

t+1

]} 1
θ
−1

×RfEt

[∑
k 6=4

π(st+1 = k|st)V −γt+1

∂Vt+1

∂Bt+1

+ π(st+1 = 4|st)bγW−γ
t+1

]
,

(8)

where ∂Vt+1/∂Bt+1 can be derived by taking the derivative on the Equation (6). For the optimal

decision, the equation holds without the maximum, that is

Vt ≡ V (Bt,W
H
t , st, t)

=

{
(1− β) (C∗t )1−ρ + β

[
Et
[∑
k 6=4

π(st+1 = k|st)V (B∗t+1,W
H
t+1, st+1 = k, t+ 1)1−γ

+ π(st+1 = 4|st)bγ
(
W ∗
t+1

)1−γ]] 1
θ

} 1
1−ρ

,

(9)

where C∗t denotes the optimal consumption at time t, B∗t+1 and W ∗
t+1 denotes the next period

liquid assets and total wealth, respectively, under the optimal consumption in period t.
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Take the derivative of Equation (9) w.r.t. Bt.

∂Vt
∂Bt

= V ρ
t

{
(1− β)(C∗t )−ρ

∂C∗t
∂Bt

+ β

[
Et

(∑
k 6=4

π(st+1 = k|st)V 1−γ
t+1 + π(st+1 = 4|st)bγ(W ∗

t+1)
1−γ

)] 1
θ
−1

× Et

[∑
k 6=4

π(st+1 = k|st)V −γt+1

∂Vt+1

∂B∗t+1

∂B∗t+1

∂Bt

+ π(st+1 = 4|st)bγ(W ∗
t+1)

−γ ∂W
∗
t+1

∂Bt

]}
,

(10)

where ∂B∗t+1/∂Bt and ∂W ∗
t+1/∂Bt can be derived from the budget constraints (4) and (5)

∂B∗t+1

∂Bt

=

(
1− ∂C∗t

∂Bt

)
Rf ,

∂W ∗
t+1

∂Bt

=
∂W ∗

t+1

∂B∗t+1

∂B∗t+1

∂Bt

=
∂B∗t+1

∂Bt

=

(
1− ∂C∗t

∂Bt

)
Rf .

(11)

Substitute the Equation (11) into Equation (10) and then using the first-order condition (8)

∂Vt
∂Bt

= V ρ
t βRf

[
Et

(∑
k 6=4

π(st+1 = k|st)V 1−γ
t+1 + π(st+1 = 4|st)bγ(W ∗

t+1)
1−γ

)] 1
θ
−1

× Et

[∑
k 6=4

π(st+1 = k|st)V −γt+1

∂Vt+1

∂B∗t+1

+ π(st+1 = 4|st)bγ(W ∗
t+1)

−γ

]
.

(12)

Consequently, the first-order condition for Ct can be re-written as

∂Vt
∂Bt

= (1− β)V ρ
t C
−ρ
t . (13)

This is the envelope condition for the preferences defined in Equation (6).

Substitute the envelope condition (13) into Equation (8). The first-order condition for Ct can
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be re-stated as

(1− β)C−ρt = β

{
Et

[∑
k 6=4

π(st+1 = k|st)V 1−γ
t+1 + π(st+1 = 4|st)bγW 1−γ

t+1

]} 1
θ
−1

×RfEt

[
(1− β)

∑
k 6=4

π(st+1 = k|st)V ρ−γ
t+1 C

−ρ
t+1 + π(st+1 = 4|st)bγW−γ

t+1

]
.

(14)

Therefore, the optimal consumption in period t is given by

C∗t =

{
βRf

{
Et
[∑
k 6=4

π(st+1 = k|st)V 1−γ
t+1 + π(st+1 = 4|st)bγW 1−γ

t+1

]} 1
θ
−1

× Et
[∑
k 6=4

π(st+1 = k|st)V ρ−γ
t+1 C

−ρ
t+1 + π(st+1 = 4|st)

bγ

1− β
W−γ
t+1

]}− 1
ρ

.

(15)

In the terminal period, π(sT+1 = k|sT ) = 0 for k ∈ {1, 2, 3} and π(sT+1 = 4|sT ) = 1, so the

optimal consumption in period T becomes

C∗T =

(
1

β
− 1

) 1
ρ {

ET
[
bγW 1−γ

T+1

]} 1
ρ
− 1
ρθ ×

{
RfET

[
bγW−γ

T+1

]}− 1
ρ . (16)

B Illustration of the hybrid interpolation method

Figure 8, adapted from Figure 5 of Ludwig and Schön (2016), illustrates the method. Both the

before-consumption liquid wealth3 and housing wealth are used to construct the grid points,

denoted by G·, · (i.e. A, B, C, and D) in the figure. Given the before-consumption wealth wt+1

and housing wealth wHt+1, the following procedures are employed to find the interpolated value.

First, locate the two rows G·, j and G·, j+1 in the exogenous dimension (which is housing wealth)

that form the most narrow bracket of wHt+1. Compute the weights (z and 1 − z) based on the

relative distance to the two rows of grid points. Second, perform linear interpolation in each of

the two rows given the before-consumption liquid assets, wt+1. Finally, the interpolated value

is the weighted average of the interpolated values from each row, using the weights found in

3Before-consumption liquid assets refer to the assets that are ready to be consumed, i.e. after any annuity
income, any housing liquidation, and medical expenditure net of LTCI coverage.

29



the first step.

Figure 8. Illustration of the hybrid interpolation method used in the backward induction to solve
the lifecycle model.
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