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ABSTRACT

My dissertation spans the area of the economics of the life-cycle with an emphasis on appli-

cations of numerical methods to this area.

My Örst chapter entitled "Does it Pay to Get a Reverse Mortgage?" estimates a structural

dynamic life-cycle model of consumption, housing, and mobility choice to calculate the welfare

beneÖts of allowing retirees to cash in their home equity through a reverse mortgage. My main

contributions are twofold. First, I provide a plausible explanation for the relative weakness of the

demand for reverse mortgages, namely reverse mortgages introduce a new risk to their purchasers,

the moving risk. Second, I use a recently developed set of tools from numerical analysis to

estimate an empirical model. SpeciÖcally, these tools include the Mathematical Programming

with Equilibrium Constraints (MPEC) approach, a áexible polynomial approximation, shape

preservation, and the imposition of the Envelope Theorem in calculating value functions.

My second chapter "Marrying for Money" examines the Önancial gains from marriage. Specif-

ically, the paper deals with marriage as an implicit insurance contract against the risk of earning

loss, of disability, and of running out of money because of greater than average longevity. The

main Önding is that, even though economies of shared living are the dominant factor in the

v



Önancial gain from marriage, the risk-sharing opportunities provided by the family can play an

important role.

My third chapter "Does it Pay to Pay O§ Your Mortgage?" examines whether retirees, who

have enough Önancial assets to pay o§ their mortgage, should pay it o§ or keep it and invest. I

Önd that those with more initial wealth are better o§ from paying o§ their mortgage, whereas

those with less initial wealth are worse o§. The welfare gains to the wealthy can run as high as

4 percent of their initial assets. These gains reáect the fact that the nominal mortgage interest

rate exceeds the nominal return one can earn on safe bonds. This holds for those with low initial

wealth, but such households are typically liquidity constrained, so paying o§ their mortgage

comes at cost of less consumption smoothing.
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1

Chapter 1

Does it Pay to Get a Reverse Mortgage?

1.1 Introduction

This paper estimates a structural dynamic life-cycle model of consumption, housing and mobility

choice to calculate the welfare beneÖts of allowing retirees to cash in their home equity through

a reverse mortgage. Our main contribution is twofold. First, we provide a plausible explanation

for the relative weakness of the reverse mortgage demand. The reverse mortgage market was

created in 1987 by the Department of Housing and Urban Development (HUD) and, after 20

years, it is still at 1 percent of its potentiality. Reverse mortgages are federally-insured private

loans speciÖcally designed for house-rich but cash-poor homeowners, as safe instruments able to

relieve their Önancial pressure. However, these homeowners have not bought them. Our model

explains this fact by showing that reverse mortgages are risky Önancial instruments; namely,

moving becomes a risky proposition. Second, we use a recently developed set of tools from

Applied Mathematics to estimate an empirical model. SpeciÖcally, this set includes the Math-

ematical Programming with Equilibrium Constraints (MPEC) approach, a áexible polynomial

approximation, shape preservation, and the imposition of the Envelope Theorem for calculating

the value functions. This is the Örst paper to use the Envelope Theorem in this way, and the

Örst to use the four tools in combination.

Empirical evidence shows that the house is the major asset of most retirees. More than 80

percent of retirees own their homes (Munnel et al., 2007), for a total value of approximately

$4 trillion. Hence, many economists and policymakers have acknowledged homes as a potential

source of savings to Önance retirement consumption. According to the traditional life-cycle
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model, developed Örst by Modigliani and Brumberg (1954), Ando and Modigliani (1963), and

Friedman (1957), individuals make their saving choices to smooth consumption over their lifetime.

Theoretically, households build savings during their working period and divest those savings to

meet their consumption needs at older ages. However, empirically, this pattern is not followed.

This is speciÖcally true of home equity. On average, seniors citizens tend not to cash in the

savings locked in their home equity. Instead, homeownership rates remain stable until later in

life. Before the advent of the reverse mortgage, selling and moving out represented the best way

to liquidate home equity.

A HUD reverse mortgage is a loan available to homeowners, 62 years of age or older, and

allows for the release of home equity while living in the same home. Reverse mortgages di§er

from conventional home loans in several respects. These loans are federally-insured and regulated

by the Federal Housing Administration (FHA). In addition, there are no income or other credit

requirements, and there is no risk of default or foreclosure. Nevertheless, reverse mortgages are

characterized by large up-front costs and high interest rates. The main reason for the high up-

front costs is the mortgage insurance premium paid to the FHA. By charging this premium, the

FHA insures the borrower against the risk of lenderís default. A reverse mortgage accrues interest

beginning with the Örst payment to the borrower. While there are no interest payments for the

length of the loan, moving triggers the repayment of the borrowing plus accumulated interest. It

is repaid out of house sale proceeds, and is capped by the value of those proceeds. Stucki (2005)

estimates the potential market for reverse mortgages at 13 million households. Although 86%

of seniors know what a reverse mortgage is, in 2007 only 1 percent of the 30.8 million seniors

in the United States closed a reverse mortgage contract. Several economists advocated strong

public policy support for reverse mortgages. The relative weakness of the demand for these

Önancial instruments reveals that these federally-insured loans are unable to meet retireesí needs

and wants. Therefore our focus is on the study of this government failure or, in other words, of
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the systemic reasons that prevent the HUD reverse mortgages from becoming a common tool to

Önance consumption in retirement. In particular, why do house-rich but cash-poor homeowners

choose not to cash in the savings locked in their house through a HUD reverse mortgage but

prefer to maintain low levels of consumption? Should the government promote reverse mortgages

as a way for older Americans to Önancially support themselves in retirement?

There are many psychological reasons why older homeowners may be reluctant to tap their

home equity, such as aversion to debt and desire to keep the house debt free. In this paper we

provide a rational explanation for their behavior, namely the moving risk. Since moving triggers

the repayment of the borrowing, exogenous and unpredictable events that force the retiree to

move out can not be disregarded. Therefore, assessing the potential for reverse mortgages requires

jointly analyzing consumption, housing and moving decisions. The degree of risk aversion and

the preference of housing over consumption are not observable; hence, we use a structural model

to estimate these preference parameters. Our estimated structural model is su¢ciently rich that

it can be used to perform policy experiments and to evaluate the welfare gain from reverse

mortgages under di§erent conditions.

Financial, demographic and consumption data on reverse mortgagees are not publicly avail-

able. Consequently, we select a subsample of single retirees from the Health and Retirement

Study (HRS) that could represent a potential target segment for reverse mortgages, according

to estimates from the public policy perspective. Empirical evidence shows that these retirees

support their consumption mainly with Social Security income and tend not to divest their home

equity at older ages. Typically, their non-housing Önancial assets are a fraction of their home

value. Our model features consumption, liquid saving and illiquid houses. Houses can be owned

or rented. Moving is costly. Households are subject to life span uncertainty and to housing pref-

erence shocks that could force them to move. Within this framework, we compute the beneÖt

of allowing people to cash in housing wealth through a reverse mortgage. We Örst estimate the
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model and solve for the optimal consumption and housing choice without a reverse mortgage.

Then, we use the estimates of the structural preference parameters to calculate how much better

or worse o§ the HRS retirees would be with a reverse mortgage. Our subsample includes both

discrete and continuous data. Therefore, we extend the literature on discrete choice by also

including continuous choices.

We address the estimation di¢culties in solving the model by using four mathematical tools:

Mathematical Programming with Equilibrium Constraints (MPEC), áexible polynomial approx-

imation, shape preservation and Envelope Theorem. In the past decade, there has been a sig-

niÖcant increase in computer speed and technological progress in algorithms and software used

to solve large-scale problems. While many economic applications involve nonlinear large-scale

and optimization problems, very few economic problems have been examined using mathemati-

cal programming approaches. This paper solves an economic policy question using cutting-edge

methods in computational science and state-of-the-art software. It represents an example of

interaction between economics and computational science.

This paper yields two main Öndings. First, we obtain reasonable estimates of the struc-

tural preference parameters. SpeciÖcally, retirees are risk averse and greatly value their house

compared to consumption. This parameter conÖguration suggests that older homeowners prefer

to make safe investments and maintain large savings to bu§er themselves against unexpected

shocks. While the house is a safe asset, it prevents quick access to the resources accumulated

in the working period. Thus, home equity is the most important component of precautionary

savings in retirement. Second, our model explains why house-rich but cash-poor homeowners

have not bought reverse mortgages with issues related to the moving risk. Reverse mortgages

provide liquidity and a form of longevity insurance; however, moving becomes a risky proposi-

tion. If homeowners move out, they have to repay the minimum between the house value and

the outstanding debt, and their up-front costs are lost. Both consumption and housing proÖles
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are a§ected in the periods following the move. We Önd that reverse mortgages are a very bad

option for house-rich but cash-poor homeowners. For such homeowners, taking out the standard

reverse mortgage and borrowing the maximum permitted amount reduces expected utility, on

average, to the same degree as a 120 percent loss in Önancial assets. On the other hand, cash-rich

homeowners beneÖt from the contract. Our Öndings might be examined in light of the empirical

evidence that retirees tend to not divest their home equity, Önance their consumption mostly

with Social Security income and tilt their Önancial portfolio towards safe assets. This might

explain why, after almost 20 years, the reverse mortgage is still a niche product.

The structure of the paper is as follows. Section 2 contains the literature review. Section 3

explains the features of a reverse mortgage contract, evaluates the lenderís expected gain and

provides some empirical evidence about reverse mortgagees. Section 4 presents the householdís

life-cycle model. Section 5 describes the solution method. Section 6 illustrates the HRS data.

Section 7 contains the results and the welfare analysis. Section 8 presents some policy experi-

ments. Section 9 provides conclusions.

1.2 Literature Review

This paper draws on three main sources of economic literature: life-cycle and precautionary

savings, housing and portfolio choice and discrete choice.

We build on the studies of life-cycle behavior in Kotliko§ and Summers (1981), Carroll and

Summers (1991), Kotliko§ et al. (2001), and Attanasio et al. (1997). Hubbard, Skinner, and

Zeldes (1994) and Carroll (1997) parameterize and simulate life-cycle consumption models with

uncertainty. Gourinchas and Parker (2002), Cagetti (2003), and French (2005) structurally esti-

mate life-cycle models of consumption, of wealth accumulation and of labor supply, retirement,

and savings behavior. Hubbard, Skinner, and Zeldes (1994), Palumbo (1999) and Hurd (1989)

represent good attempts at modeling consumer behavior after retirement. However, in these

papers housing is not taken into account. Given the empirical evidence that for most retirees
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the house is their major asset, we extend this literature examining the optimal consumption and

housing choice for older homeowners.

SpeciÖcally, we follow Cocco (2005) and Yao and Zhang (2005 a,b) by explicitly modeling

the housing decision and allowing households to derive utility from both housing and other

consumption goods. Meyer and Speare (1985) studies types and determinants of senior mobility.

Additionally, we build on the literature of discrete choice models. The framework was intro-

duced by Rust (1987,1988), and extended in Hotz and Miller (1993) and in Aguirregabiria and

Mira (2002). However, most of the theoretical papers and the empirical applications focus only

on discrete choice. Given that our sample involves both discrete and continuous data, we extend

this literature by including continuous choices.

Finally, we follow Judd and Su (2008) who applied the MPEC approach to estimate the

Zucher bus model (Rust, 1987). In this paper we present the Örst application of the MPEC

approach to an empirical structural model with Önite horizon dynamic programming.

1.3 Reverse Mortgage

The reverse mortgage market was created in 1987 with the HUD program called Home Equity

Conversion Mortgage (HECM). The United States Congress passed the FHA Reverse Mortgage

Legislation, the Housing and Community Development Act of 1987, (S. 825) on December 22,

1987. President Ronald W. Reagan signed FHA Reverse Mortgage Legislation (S. 825) on Febru-

ary 5, 1988. In 1996 the Federal National Mortgage Association (Fannie Mae) created the Home

Keeper reverse mortgage to address needs unsatisÖed by the HECM program, such as individuals

with higher property values, condominium owners, and seniors wishing to use a reverse mortgage

to purchase a new home.1 These two reverse mortgages allow nearly every senior citizen to access

the equity in her home without moving out or taking a conventional mortgage.

1Few lending institutions o§ers Non-HECM reverse mortgages. These loans could be larger than the HECM
limit, are not federally insured, have private insurance and the interest rate is usually higher.
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We brieáy present the main features and requirements of the HECM senior reverse mortgage

program.

A reverse mortgage is a particular kind of home equity loan that allows the owner to cash

in some of the equity in her home. The loan does not have to be repaid so long as the borrower

lives in the house. To be eligible for a reverse mortgage, a borrower must be 62 years of age or

older, own the home outright (or have a low loan balance) and have no other liens against the

home. The borrower does not have to satisfy any credit or income requirements. She can receive

the proceeds in one of the following ways: a lump sum at the beginning, monthly payments

until a Öxed term or a life-long annuity, by establishing a credit-line with or without accrual of

interest on the credit balance, or a combination of the above. There are no monthly or other

payments to be made during the term of the loan. However, a reverse mortgage accrues interest

charges, beginning when the Örst payment is made to the borrower. When she dies or relocates,

the repayment is capped at the house value only (nonrecourse loan). The amount of the loan

is a function of the age of the borrower and any co-applicant, the current value of the property

and expected property appreciation rate, the current interest rate and interest rate volatility.

A reverse mortgage is just one of several Önancial instruments that allow a homeowner to

secure liquid funds against the equity in her house. In general, Home Equity Conversion Products

could be useful to all those who are house-rich but cash-poor. Conventional home equity loans are

di§erent from reverse mortgages in four respects. First, they require the payment of interests and

some principal before moving. Second, the maximum amount of money that can be borrowed is

determined by several variables including credit history and income. Third, the failure to repay

the loan or meet loan requirements may result in foreclosure. Fourth, the up-front costs are

generally lower.

In the early 1990s, projections of the potential demand for reverse mortgages varied between

800,000 older households (Merrill et al., 1993) and more than 11 million older households (Ras-
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mussen et al., 1995). A more recent study (Stucki, 2005) estimated the potential market at 13.2

million older households. Moving from the potential market to the actual market, only 265,234

federally insured reverse mortgages were issued at the end of 2007 (HUD, 2007b). This represents

about 1% of the 30.8 million households with at least one member aged 62 and older in 2006

(U.S. Census Bureau, 2006) and about 2% of the potential market as estimated by Stucki.

1.3.1 Lenderís Perspective

We assume that the reverse mortgage borrower i chooses to receive the proceeds as a lump sum

at the closure of the contract in time j.

The maximum amount that can be initially borrowed Vi;j is assumed to be a fraction of the

house value and a function of the borrowerís age. In general, the higher the age of the borrower,

the larger the amount that can be borrowed.

Vi;j = iHi;j (1.1)

At the closure of the contract, the retiree has to pay some up-front costs, which we denote as

Fi;j . They are assumed to be a fraction  of the house value plus some additional cash for closing

costs f . SpeciÖcally, they include an origination fee that covers the lenderís operating expenses

(2% of the house value), an up-front mortgage insurance premium MIP (2% of the house value),

an appraisal fee and certain other standard closing costs (about $2000-4000).

Fi;j = Hi;j + f (1.2)

Reverse mortgage up-front costs have been signiÖcantly larger than those for conventional

home loans. This fact has often been cited as one of the main motives for the relative weakness in

demand. The main reason for the high up-front costs is the MIP charged by the FHA. In addition

to the initial MIP, the FHA charges an ongoing 0.5% annual premium on the loan balance. By
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charging MIPs, the FHA insures the borrower against the risk of lenderís default. Additionally,

it insures the lender against the risk that the outstanding debt exceeds the house value at loan

termination. Thus, in this contract the FHA bears the risk of default and this explains the higher

insurance premium compared to the insurance payments made on conventional loans. Until now,

due to house price growth and borrowersí rapid mobility, the FHA has experienced small losses

and retained substantial reserves.

Let Bi;j denote the cash available to borrower i at time j, after the payment of the up-front

costs. Bi;j is the lenderís initial cost. A reverse mortgage accrues interest charges, beginning

when the Örst payment is made. Thereafter, the interest is compounded annually. Let Gi;t be

the outstanding debt at time t:

Gi;t = Bi;j

X

j=1::t

(1 + iD)
tj (1.3)

where iD is the nominal interest rate on a reverse mortgage. In present value, the repayment

in period t for household i is:

Di;t =
min(Hi;t; Gi;t)

Rtj
(1.4)

If the borrower moves out of the house or dies at time t, she would be required to repay the

minimum between the house value and the outstanding debt. Let i;t be household iís probability

of being alive at time t and let mi;t be her probability of moving at time t: The expected gain

for the lender is:

EGaini;j = Fi;j +
X

t=j+1::T

i;t1f(1 i;t)(1mi;t) + i;tmi;tgDi;t (1.5)

A simple calculation, without taking into account the interest rate risk, the house price risk

and the possibility of adverse selection, shows that a 62 year old homeowner with a $100,000
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house value could borrow about $47,000, $31,000, or $10,000 respectively if she closes the Monthly

Adjusting HECM, the Annually Adjusting HECM, or the Fannie Mae Home Keeper contract.

This represents the actual cost for the lender. Given female survival probabilities and the US

mobility rate, the expected gain for the lender is about $74,000, $64,000, or $30,000.

1.3.2 Empirical Evidence on Reverse Mortgage Borrowers

Financial, demographic and consumption data for reverse mortgagees are not currently available.

However, in December 2006, the AARP conducted the Örst national survey of homeowners who

had considered these loans. We brieáy summarize their Öndings.

Between 1993 and 2004, the median annual income of reverse mortgage borrowers increased

from $12,289 to $18,240 (HUD, 2007b). For a third of borrowers (33 percent) the self-reported

income was less than $20,000, and for nearly two-thirds (62 percent) it was less than $30,000.

According to census data, the elderly median net worth, excluding home equity, was $23,369 in

2000. More than half of reverse mortgage borrowers in the AARP Survey (54 percent) reported

having less than $25,000 in Önancial savings, but their average net worth is not available. Re-

verse mortgagees tend to be house-richer than typical older homeowners. Nearly half of reverse

mortgage borrowers (46 percent) have homes worth $100,000 to $200,000, compared with only

about one-third of general homeowners (34 percent). Average property values of borrowers were

$142,000 in 2000, while the median house value was $65,624 for households without this loan.

More than half (57 percent) of reverse mortgagees in 2000 were single women. Bowen Bishop

and Shan (2008), using all 18 years of HECM loan data, presents the Örst systematic evidence

on loan characteristics over time. Figure 1.1 and 1.2 are from Bishop and Shan (2008). Figure

1.1 presents the loan survival curves for single male, single female and couples. Figure 1.2 shows

the termination hazard rates corresponding to the survival curves plotted in Figure 1.1. These

hazard rates have an inverse-U shape. This implies that the termination hazard is low imme-

diately after the closure of the contract and then increases with time. However, if the reverse
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mortgage contract has not been terminated within 10 years, the borrower is expected to remain

in the home for a very long time. Davido§ and Welke (2007) shows that reverse mortgage bor-

rowers have exited their homes surprisingly quickly. Only 66% of male and 62% of female loan

termination are ascribed to death as opposed to payo§ while alive.

1.4 The Model

This section describes a model of post-retirement decision making. We consider optimal con-

sumption, housing and moving decisions for a single retiree. When the retiree decides to move

out of her house, transaction costs are incurred.

1.4.1 Preferences

Individual iís plan is to maximize her expected lifetime utility at age t, t = 64; :::; T: T is set

exogenously and equals 95. In each period she receives utility U from non-durable consumption

Ci;t and housing services Hi;t.

The within-period retireeís preference over consumption and housing services are represented

by the Cobb-Douglas utility function:

U(Ci;t; di;t) =
(C1!i;t H

!
i;t)

1

1 
+ "i;t(di;t) (1.6)

where Ci;t denotes consumption, Hi;t housing services, ! measures the relative importance of

housing services versus numeraire non-durable consumption good,  is the coe¢cient of relative

risk aversion. Let di;t be the discrete housing choice, described in the next subsection.

"i;t(di;t) represents housing preference shock. It is Extreme Value Type I distributed and it is

independent across individuals and time. Individuals move out of their homes for several reasons,

which are explained in detail in the survey. They can move out for Önancial reasons, looking for

a smaller or less expensive house; because they desire to live near or with their children or other

relatives; due to health problems; for climate or weather reasons; for reasons related to leisure
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activities or public transportation; due to changes in marital status. We model this unobserved

utility from moving as housing preference shock.

When the individual dies, her terminal wealth TWi;t is bequeathed according to a bequest

function b(TWi;t) :

b(TWi;t) = B

TW
1
i;t

1 
(1.7)

Carroll (2000b) employs a similar bequest function. The degree of altruism is given by the

parameter B. In the baseline case, we assume B equal to 1. That is, the retiree has a strong

bequest motive. Section 8 revisits the bequest motive.

1.4.2 Choice set

In each discrete period t, the household makes two joint and simultaneous choices, a discrete

housing choice and a continuous consumption choice.

Housing is a discrete multi-stage choice. The household chooses whether to move or stay

in the house. The household that moves out chooses whether to own or to rent, and the value

of the new house2. Consistent with our data, homeowners that move could not a§ord a larger

house and renters are only allowed to rent a new house of any value.

First, the household makes the discrete choice of staying or moving out in period t:

d
1
i;t =


D
M
i;t = 1

D
M
i;t = 0

if household i moves out of her house in period t

otherwise

Second, if she moves out of the house, she makes the binary choice of owning or renting a

new house:

2As described in Section 6, a complete set of data is available only for three periods. Given this short panel,
we do not evaluate the e§ects of house price on the choice variables. Instead, we set the house price equal to 1.
Therefore, house value and housing servings are used indi§erently in the paper.
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d
2
i;tjd

1
i;t =

8
>><

>>:

D
O
i;t = 1

D
O
i;t = 0

if household i owns her house in period t

if household i rents her house in period t

The third stage decision over housing is the house value. To simplify the computation, we

discretize the house value.

d
3
i;tjd

1
i;t; d

2
i;t = Hi;t

Therefore, the discrete choice set di;t is:

di;t = fd1i;t; d
2
i;t; d

3
i;tg

Let Ci;t be the continuous choice of consumption.

1.4.3 Housing Expenses

Per period housing expenses  are assumed to be a fraction of the house value, deterministic

and constant over time. For homeowners, they correspond to a maintenance cost, incurred to

keep the house at a constant quality level. For renters, they represent the rental cost. These

expenses are denoted by  own and  rent respectively for homeowners and for renters.

 i;t = [D
O
i;t 

own + (1DO
i;t) 

rent]H
i;t (1.8)

where H
i;t = D

M
i;tHi;t + (1D

M
i;t )Hi;t1:

If the retiree decides to sell her house at time t and move to another house, she pays or

receives the di§erence in owner-occupied housing wealth, depending on whether the new house

value is greater or smaller than the previous house value. In addition, she sustains a one-time

transaction cost (DO
i;t). The cost of moving is:
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Mi;t = D
M
i;tD

O
i;t1[D

O
i;tHi;t Hi;t1 +Hi;t(D

O
i;t)] +D

M
i;t (1D

O
i;t1)(1D

O
i;t)Hi;t

rent (1.9)

The transaction cost equals a fraction own(rent) of the value of the new house, i.e.

(DO
i;t) = [D

O
i;t

own + (1DO
i;t)

rent] (1.10)

Generally, the transaction cost is larger when buying a new house than when renting it, that is


own

> 
rent

:

1.4.4 The Householdís Problem

The state space in period t consists of variables that are observed by the agent and the econo-

metrician Xi;t and by variables observed only by the agent "i;t(di;t).

Xi;t = fAi;t;Hi;t1; DO
i;t1; Agei;tg

where Ai;t is household iís non-housing Önancial assets at time t, Hi;t1 the previous period

house value, and DO
i;t1 the previous period housing tenure.

The term "i;t(di;t) refers to a vector of unobserved utility components determined by the

discrete alternative and it is Type I Extreme Value distributed. Let "i;t mean "i;t(di;t):

The household maximizes the expected lifetime utility over consumption Ci;t and housing

di;t:

Vi;t(Xi;t; "i;t) = max
di;t;Ci;t

Et

"
TX

t=64


t64(N(t 1; t)itU(Ci;t; di;t)jXi;t; "i;t) + b(TWi;t)

#
(1.11)
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s.t

Ai;t+1 = RAi;t + y  Ci;t   i;t Mi;t (1.12)

Ci;t  CMIN (1.13)

where i;t denotes the probability of being alive at age t conditional on being alive at age

(t  1), and let N(t; j) = (1=j)
tQ

k=1

k denote the probability of living to age t, conditional on

being alive at age j.

Eq. (1.12) denotes period t retiree iís budget constraint. Let y denote the retireeís income,

which includes Social Security, pension and other retiree beneÖts.

The value function for period t is given by the following expression:

Vi;t(Xi;t; "i;t) = max
di;t;Ci;t

U(Ci;t; di;t) + "i;t+i;t+1EVi;t+1(Ai;t+1;H

i;t; D

O
i;t; "i;t+1jXi;t;Ci;t)

s.t.

Ai;t+1 = RAi;t + y  Ci;t   i;t Mi;t (1.14)

H

i;t = D

M
i;tHi;t + (1D

M
i;t )Hi;t1 (1.15)

Ci;t  CMIN

The computation of the optimal policy functions is complicated due to the presence of the

vector "i;t: It enters nonlinearly in the unknown value function EVi;t+1. Following Rust (1988),

we introduce the additivity and the conditional independence assumptions. Thus, EVi;t+1 does

not depend on "i;t:
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Therefore the Bellman equation can be rewritten as:

Vi;t(Xi;t; "i;t) = max
di;t;Ci;t

[U(Ci;t; di;t) + "i;t + i;t+1EVi;t+1(Xi;t+1)] (1.16)

= max
di;t


max
Ci;t

fU(Ci;t; di;t) + i;t+1Vi;t+1(Xi;t+1)jdi;tg

+ "i;t



The solution of period tís problem could be divided in two parts. There is an inner maxi-

mization with respect to the continuous choice conditional on the discrete housing choice and an

outer maximization with respect to the multi-stage discrete choice.

We assume that there is a measurement error in consumption distributed as a normal with

mean 0 and unknown variance 2: Given the observed realization of household choices and states

fCi;t; di;t; Xi;tg, the objective is to estimate the preferences denoted as  = f; !; g. We allow

for heterogeneity in the state variables Xi;t and "i;t, but not in the preferences :

1.4.5 Inner Maximization

Let r(Xi;t; di;t) represent the indirect utility function associated with the discrete choice di;t :

r(Xi;t; di;t) = max
Ci;t

fU(Ci;t; di;t) + i;t+1Vi;t+1(Xi;t+1)jdi;tg (1.17)

This function has to be computed for each possible di;t, subject to the contemporary budget

constraint and the constraint on consumption.

1.4.6 Outer Maximization

Under the assumption that "i;t is distributed as a Type I Extreme Value error, the conditional

choice probabilities are given by the following formula:

P (jjXi;t; ) =
expfr(Xi;t; j)gP

k2di;t(Xi;t) expfri;t(Xi;t; k)g
(1.18)
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and Vi;t+1(Xi;t+1) is given by:

Vi;t+1(Xi;t+1) = ln

2

4
X

k2di;t(Xi;t)

expfr(Xi;t; k)g

3

5

1.5 Solution Method

We use a recently developed set of tools from Applied Mathematics to estimate an empirical

model. SpeciÖcally, this set includes the Mathematical Programming with Equilibrium Con-

straints (MPEC) approach, a áexible polynomial approximation, shape preservation, and the

imposition of the Envelope Theorem for calculating the value functions. This is the Örst paper

to use the Envelope Theorem in this way, and the Örst to use the four tools in combination. More-

over, this is the Örst example of employing the MPEC approach to solve an empirical structural

model with Önite horizon dynamic programming.

We illustrate our approach for a simple life-cycle model, underlying its novelty with respect to

the conventional approach. The use of a mathematical programming language allows us to rewrite

the dynamic programming and estimation problems as a constrained optimization problem that

involves the optimization of an objective function subject to equality and inequality constraints.

We present the details for the full model in the Appendix.

1.5.1 Simple Life-Cycle Model

For ease of exposition, we assume that there is only one continuous state variable (assets) and

one continuous choice variable (consumption).

The backward solution from time T for true value functions is described as follows. The last

period value function is known and equal to VT (A):

In periods t = 1:::(T  1) the Bellman equation is:

Vt(A) = max
c

u(c) + Vt+1(RA c)
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Given Vt+1, the Bellman equation implies, for each asset level A, three equations that deter-

mine the optimal consumption, c, Vt(A), and V 0t (A):

Euler Equation:

u
0
t(c

) V 0t+1(RA c
) = 0

Bellman equation:

Vt(A) = u(c) + Vt+1(RA c)

Envelope Condition:

V
0
t (A) = RV

0
t+1(RA c

)

The backward solution from time T for approximate value functions requires several steps.

We choose a functional form and a Önite grid of asset levels. Let Ai;t be grid point i in the

time t grid. The choice of grids is governed by considerations from approximation theory. We

will use these grid points for approximating the value functions. Let (A; a) be the function

that we use to approximate the value functions, V (A): If we assume that it is a seventh-order

polynomial centered at A, then

(A; a;A) =

7X

k=0

ak(AA)k

The time t value function is approximated by

Vt (A) = (A; at; At) =

7X

k=0

ak+1;t(AAt)k (1.19)

where the dependence of the value function on time is represented by the dependence of the a

coe¢cients and the center A on time. We will choose At = (Amaxt +Amint )=2; the period t average

assets. Note that At is a parameter and does not change during the dynamic programming

solution method. Therefore, we will drop it as an explicit argument of . So, (A; at) will mean

(A; at; At):
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We would like to Önd coe¢cients at such that each time t Bellman equation, along with the

Euler and Envelope conditions, holds with the  approximation; that is, for each time t < T 2,

we want to Önd coe¢cients at such that for all A

(A; at) = max
c

u(c) + (RA c; at+1)

and for time t = T  1, we want to Önd coe¢cients at such that for all A

(A; at) = max
c

u(c) + VT (RA c)

We need to approximately solve the Bellman equation. To this end, we need to specify the

various errors that may arise in our approximation. We will consider three errors and one side

condition.

First, at each time t and each Ai;t, the absolute value of the Euler equation if consumption

is ci;t, which we denote as ei;t  0, satisÖes the inequality

ei;t  u
0(ci;t) 0(RAi;t  ci;t; at+1)  

e
i;t (1.20)

where 0(x; at+1) is the derivative of (x; at+1) with respect to x.

Second, the Bellman equation error at Ai;t with consumption ci;t is denoted by bt and satisÖes

bt  (Ai;t; at) [u(ci;t) + (RAi;t  ci;t; at+1)]  
b
t (1.21)

Third, the Envelope condition error, envt , satisÖes

envt  0(Ai;t; at) R0(RAi;t  ci;t; at+1)  
env
t (1.22)

where 0(x; at) is the derivative of 0(x; at) with respect to x.

Fourth, because the true value functions are concave, we want our approximate value func-

tions to also be concave. Sometimes we will impose concavity of the approximate value functions
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on the Ai;t grid with the secant condition

(Ai;t; at)  (Ai1;t; at) +
((Ai+1;t; at) (Ai1;t; at))

(Ai+1;t Ai1;t)
(Ai;t Ai1;t) (1.23)

With these deÖnitions, the constrained optimization approach to a life-cycle dynamic pro-

gramming problem can be rewritten as:

min
a;c;

X

t

X

i


e
i;t +

X

t


b
t +

X

t


env
t (1.24)

subject to:

ei;t  u
0(ci;t) 0(RAi;t  ci;t; at+1)  

e
i;t

bt  (Ai;t; at) [u(ci;t) + (RAi;t  ci;t; at+1)]  
b
t

envt  0(Ai;t; at) R0(RAi;t  ci;t; at+1)  
env
t

where we choose the value function approximation parameters, a, the consumption choices

on the asset grid, c, and the errors,   0, so as to minimize the sum of errors. We may also add

the concavity constraint if necessary to attain a concave value function approximation.

There are many variations on this theme. Standard value function iteration ignores the

P
t 
env
t term and imposes ei;t = 0, both of which we could do here. A more general speciÖcation

would be

minP e
a;c;

 
X

t

X

i


e
i;t

!
+ P b

 
X

t


b
t

!
+ P env

 
X

t


env
t

!

where the P j parameters are penalty terms. Conventional value function iteration is P env = 0

and P e being "inÖnitely" larger than P b.
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This setup can be easily extended by also including discrete state variables. This would

require to redeÖne both the a coe¢cients and the errors  over the grid points of the discrete

state variables.

In sum, given the last period value function, we Önd simultaneously consumption, saving and

the other endogenous variables in each period. Hence, creating a link between past, current and

future economic variables, we obtain the only equilibrium that is associated with the optimal

consumption and saving decisions in each period. Given the enormous increase in computer speed

and progress in algorithms and software for large-scale problems, this technique o§ers certain

advantages. It permits us to keep track of the grid of possible values of the state variables and

it is adequate for solving any consumption saving problem of reasonable complexity.

Given our solution for the dynamic programming problem, we can now consider the empirical

analysis. Our sample include continuous data on assets and consumption. We assume that the

measurement error in consumption is normally distributed with mean 0 and unknown variance


2
: We can use the Euler equation to recover the predicted value of consumption, denoted as

c
pred. The probability that household n chooses consumption cn;tp in period tp is:

Pr(cn;tpjAdatan;tp ) =
1

p
22

e

(cdatan;tpc

pred
n;tp )

2

22

Therefore the log-likelihood is given by:

L() =

NX

n=1

TPX

tp=1

Pr(cn;tp j Adatan;tp ; ) (1.25)

The constrained optimization approach to structural estimation with Önite horizon dynamic

programming is:
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Max L() P   (1.26)

subject to :

Euler Error

Bellman Error

Envelope Error

where  =
P
t

P
i 
e
i;t +

P
t 
b
t +

P
t 
env
t :

The traditional approach to estimate Önite horizon dynamic structural models consists in

taking a guess of the structural parameters, solving the dynamic programming problem, calcu-

lating the log-likelihood and repeating these steps until the log-likelihood is maximized. This can

be computationally very demanding. We use the MPEC approach to solve our empirical model.

Therefore, the structural estimation of the life-cycle dynamic model simply becomes a problem

of optimizing an objective of many variables subject to a set of constraints. The structural

parameters and endogenous economic variables are chosen simultaneously and symmetrically.

The MPEC approach relies on ideas and methods developed in the statistical and econometric

literatures, nevertheless the current econometric literature seems to consider this approach in-

feasible. Judd and Su (2008) shows that it is feasible if one uses conventional techniques in the

mathematical programming literature. We extend their approach presenting the MPEC with

Önite horizon dynamic programming. The penalty parameter approach introduced in this paper

is an example of a nonsmooth exact penalty method. Using an exact penalty function implies

that, for certain values of the penalty parameter, a single minimization with respect to the choice

variables produces the exact solution of the nonlinear programming problem. For a proof and

further reading see Theorem 17.3 in Nocedal and Wright (2000).
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Furthermore, we present an example of using a áexible polynomial approximation in an em-

pirical work. The continuous state value function is approximated by a seventh order polynomial

as this functional form appears adequate to our analysis. Since this approach could be applied to

a wide range of economic problems, the functional form is easily adaptable to new, di§erent, or

changing requirements. For example, if necessary for the accuracy of the solution, the functional

form could include a speciÖc basis function in addition to the polynomial.

Then, we introduce shape preservation in approximating the value functions. Under the

standard assumption of a risk-averse utility, the value function has two main shape features:

concavity and monotonicity. If these shape features are deformed by approximation methods,

the approximation errors propagate as the number of computations increases. Therefore, the

approximate solution is inaccurate. This fact motivates us to introduce additional constraints

which guarantee the preservation of the shape characteristics of the value function. SpeciÖcally,

we introduce the secant condition (Eq. 1.23). This condition is not always necessary; however if

needed, it can be easily added to the set of constraints. For further reading on shape preservation

methods see Judd (1998).

The fourth innovative aspect is the imposition of the Envelope Condition in our set of con-

straints. In optimization problems, the Envelope Theorem provides the solution via di§eren-

tiability techniques; in dynamic programming problems, it is key for characterization, analysis,

and computation of the optimal value function from its derivative. By imposing the Envelope

Condition, we obtain both a precise characterization of the optimal solution that is appropriate

for computation and an explicit expression for the derivative of the value function. Fernandez-

Villaverde et al. (2006) shows that economic dynamic models typically lack a closed-form so-

lution; hence, economists numerically approximate the policy functions. It follows that only an

approximated likelihood associated with the approximated policy function, instead of the exact

likelihood, can be evaluated. Fernandez-Villaverde et al. argue that as the approximated policy
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function converges to the exact policy function, the approximated likelihood also converges to

the exact likelihood. To have an accurate approximation of the policy function, a high order

polynomial is required. By introducing both a high order polynomial approximation and the

Envelope Condition, our approach generates an accurate approximation for the policy function,

which is crucial for structural estimation.

The inequality approach we use is formulated as constraints in a nonlinear programming prob-

lem and, to our knowledge, this is the only stable method for dynamic programming problems

of this kind.

Finally, AMPL, the mathematical programming language, presents several advantages. AMPL

is an extremely easy-to-use modeling language for linear and nonlinear optimization problems

involving discrete or continuous variables. It allows the user to easily access the best algorithm

on hand for her speciÖc problem. By using the increasing number of solvers for which AMPL

interfaces are available, the researcher can compare alternative optimization methods for any

application. In this study we use KNITRO, a solver designed for large nonlinear optimization

problems which is highly valued for its robustness and e¢ciency. In addition, when mathemat-

ical programming problems are expressed in AMPL, the true analytic derivatives are e¢ciently

computed, invisibly to the user, through automatic di§erentiation. This signiÖcantly improves

the speed without any additional cost for the user. Moreover, frequently in economic models,

Jacobians and Hessians are sparse. That is, even though they could be large in terms of num-

ber of elements, most entries equal zero. The major algorithms and software for constrained

optimization problems are based on sparse-matrix methods.

1.6 The Data

The Health and Retirement Study (HRS) is a US panel survey which covers a wide range of topics.

In particular, questions on family structure, employment status, demographic characteristics,

housing, stocks, bonds, IRA, other Önancial assets, income, pension, Social Security, and beneÖts
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are relevant to our analysis. Questionnaires assessing individual activities and household patterns

of consumption are mailed to a subsample of the HRS. The Consumption and Activities Mail

Survey (CAMS), the survey including this information on consumption, was Örst conducted in

2001. The survey is carried out every two years.

We select a group of households that is the potential target segment for a reverse mortgage,

according to estimates from the public policy perspective. Our sample includes single and retired

homeowners, 62 year old or older. Social Security is the homeownersí main source of income.

Pensions and earned interest on Önancial assets contribute much less as a source of per period

income. We eliminate all households with incomplete records or missing information. After these

cuts are made, a sample of 175 single households observed for three consecutive periods between

2000 and 2005 remains.

Non-housing Önancial assets include stocks, bonds, saving accounts, mutual funds, individual

retirement accounts (IRAs) and other assets. It does not include the value of any real estate

or business. Given that the target segment has almost no debt, focusing on total non-housing

Önancial assets gives nearly identical results as focusing on non-housing Önancial wealth. Con-

sumption includes vehicles, washing machine, dryer, dishwasher, television, computer, telephone,

cable, internet, vehicle Önance charges, vehicle insurance, health insurance, food and beverages,

dining/drinking out, clothing and apparel, gasoline, prescription and nonprescription medica-

tions, health care services, medical supplies, trips and vacations, tickets to movies, sorting events

and performing arts, hobbies, contribution to religious, educational, charitable or political orga-

nizations, and cash or gifts to family and friends. Housing expenses for homeowners represent

the maintenance cost incurred to keep the house at a constant quality, and for renters represent

the rental cost.

Table 1.1 shows the descriptive statistics for house value, Önancial assets, consumption, Social

Security income and age for the Örst year in the panel. Housing represents a signiÖcant proportion
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of the retireesí total assets. The median house value is $70,000. The median ratio of house value

to non-housing Önancial assets is 2.5. Consumption seems to parallel Social Security income.

The average per period income is $20,000.

Figure 1.3 - 1.7 illustrates how consumption, Social Security, non-housing Önancial assets and

housing vary with age. Near retirement, the average consumption exceeds the average Social

Security income, implying that Social Security income, pensions and liquid savings contribute to

Önance per period expenses. As the retiree ages, consumption decreases. It is almost completely

Önanced with Social Security income after age 75. Non-housing Önancial assets represent a

fraction of the house value and gradually reduce with age. Housing is constant over time,

supporting the thesis that retirees tend not to divest their home equity.

Table 1.2 presents the composition of the Önancial portfolio. For almost all the retirees in the

sample, the Önancial portfolio does not contain risky assets. Retirees have most of their savings

in checking and saving accounts and transportation. About 40% of the retirees have certiÖcates

of deposits and approximately 25% have IRAs. Less than 10% have stocks and about 5% have

bonds.

In each period, about 10% of the households in our sample move out of their homes. Among

those who moved, about 35% decide to rent a new house, while about 65% buy a new house.

At the end of the three years of the panel, about 25% of the population moved and about 10%

rented a new house. Table 1.3 shows that 50% of the households that move choose to buy a

house of equal value and 24% of those households choose to rent a house of equal value. The

moving decision does not appear to be strictly related to age. About 50% of the retirees move

near or with children or other relatives or friends. About 25% move for Önancial reasons and

the remaining 25% move due to health problems, weather or climate reasons, retirement related

area reasons, to have a better location, or other reasons.
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1.7 Calibration and Results

The subjective discount rate  is 0:96 and the real interest rate r is 4%. Following Yao and

Zhang (2005a), the rental rate is  rent = 6% and maintenance cost is  own = 1:5%: Transaction

costs are own = 6% and rent = 1%, respectively, when moving to an owner-occupied house and

when moving to a rental house. In the baseline case we assume B = 1. That is, the retiree has

a strong bequest motive.

The parameter  has been estimated using a grid search approach. Given the parameter ,

we use the MPEC approach to estimate ! and : Table 1.4 presents the estimation results. We

Önd reasonable estimates of the preference parameters. The coe¢cient of relative risk aversion is

3.87 and it is similar to other estimates that rely on di§erent methodologies (see Cagetti (2003)

and French (2005)). According to the related literature, a small estimate of the coe¢cient of

relative risk aversion means that households save little given their level of assets and their level of

uncertainty. On the other side, more risk averse individuals prefer to save more in order to bu§er

themselves against future risks. Our estimate of 3.87 implies a relatively high coe¢cient of risk

aversion, suggesting that households prefer high levels of precautionary savings. In addition, we

obtain an estimate of the preference parameter over housing ! equal to 0.85. To our knowledge,

there are no previous structural estimates of this parameter for retirees. Our estimate of ! is

consistent with our sample data in which retiree consumption is a small fraction compared to

home value. These two estimates together can help explain the retiree behavior. In particular,

they show that retirees are highly risk averse and that they signiÖcantly value their house as a

safe and illiquid asset in which precautionary savings can be locked.

We compute the standard errors using a bootstrap procedure. Resampling was conducted by

sampling with replacement across households as is standard practice in panel models. In total,

the standard errors are calculated with 100 bootstraps.
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1.7.1 Do Reverse Mortgages Pay?

A HUD reverse mortgage is a federally-insured loan against the retireeís home that does not

have to be paid back so long as the retiree lives there. We assume that the retiree chooses to

receive the proceeds as a single lump sum of cash at the closure of the contract. Following the

notation in Section 3, let GRMi;t be the real outstanding debt at time t:

If the retiree decides to move out of the house, she has to repay the minimum between the

value of the house and the accumulated debt plus a one-time transaction cost (DO
i;t). The cost

of moving is:

Mi;t = D
O
i;t1D

M
i;t [D

O
i;tHi;t max(0;Hi;t1 G

RM
i;t ) +Hi;t(D

O
i;t)] (1.27)

The welfare gain from a reverse mortgage is calculated as the percentage increase in the initial

Önancial assets that makes the household without a reverse mortgage as well o§ in expected utility

terms as the household with a reverse mortgage. For each household in our sample we calculate

the expected lifetime utility from closing the reverse mortgage contract in the Örst year of the

panel, the year 2000. Then, we compute the percentage increase in the initial Önancial assets that

generates the same lifetime utility without a reverse mortgage as with a reverse mortgage. We

explain our simulation results and we assess the validity of our model in predicting the retireesí

behavior in light of the empirical evidence on reverse mortgagees.

We Örst introduce some notation. We deÖne as "Cash-Poor" those households with initial

non-housing Önancial assets less than $10,000, "Cash-Medium" those with non-housing Önancial

assets between $10,000 and $60,000, and "Cash-Rich" those with non-housing Önancial assets

greater than $60,000. We consider three house values. Let "House-Poor" denote house value

equal to $40,000, "House-Medium" equal to $80,000, and "House-Rich" equal to $120,000.

Table 1.5 and Table 1.6 display the median non-housing Önancial assets and the median

welfare gain. Both are presented as a function of initial non-housing Önancial assets and house
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value. The common belief is that a reverse mortgage beneÖts households with resources tied

up in home equity, those deÖned as house-rich but cash-poor. This simulation shows otherwise.

SpeciÖcally, house-rich but cash-poor homeowners experience the largest welfare loss from a

reverse mortgage equal to a 120% decrease in their initial assets. Additionally, all cash-poor

households experience a welfare loss. On the other side, all cash-rich households experience a

welfare gain.

This simulation, highlighting the pros and the cons of the contract, could help explain why

the reverse mortgage is still a niche product after about 20 years. A reverse mortgage provides

liquidity and a form of longevity insurance. The retiree can cash in some of the savings locked

in her house and would be able to experience higher levels of consumption than otherwise pos-

sible. Furthermore, she can live in the same house while alive, regardless of the amount of the

outstanding debt. Reverse mortgages constitute the purchase of a no-exit annuity, an annuity

that pays o§ in the form of the housing services of the current home (implicit rent) provided

that the retiree does not permanently exit her home. Since not exiting is partly conditioned

on not dying, the no-exit annuity encompasses some longevity insurance. However, closing this

contract implies incurring very high up-front costs and facing a new risk, the moving risk.3 The

high up-front costs signiÖcantly contribute to the welfare loss for house-poor homeowners. For

example, a 62 year old homeowner with a $40,000 house can borrow about $20,000. But the cash

available at the closure of the contract, after the payment of about $10,000 in up-front costs,

is nearly $10,000. Moreover, a reverse mortgage is a Önancial instrument that incorporates an

unusual risk, the risk of moving and having to repay the accumulated debt. Empirical evidence

supports our Önding. Reverse mortgages should be appealing to homeowners that plan to remain

in their home for long periods of time. However, reverse mortgagees have exited their homes

3 In this study, the moving risk is associated with the decrease in the initial Önancial assets that generates the
same lifetime utility without a reverse mortgage as with a reverse mortgage.
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surprisingly rapidly, suggesting that an unexpected event happened and forced them to move

out. If households have to move, for any exogenous reason, their future well-being, ability to

meet unforeseen costs, consumption proÖle and housing choices could be signiÖcantly a§ected.

This is speciÖcally true for households with initially low Önancial assets. Some of the choices

over consumption and housing, available before closing the reverse mortgage contract, are not

a§ordable anymore after. Hence, a precautionary motive appears to be mostly concentrated

among cash-poor households.

For a cash-poor homeowner closing a reverse mortgage contract would represent one of the

major investing mistakes, namely the lack of diversiÖcation. As a rule of thumb, if someone puts

all of her eggs in one basket she is taking a much greater risk than if she diversiÖes. The retiree

with initially low Önancial assets has all her life-savings locked in the house, which is a safe asset

under our speciÖcation of non-stochastic house price. If she closes a reverse mortgage contract,

she reallocates all her savings into a risky Önancial instrument. While closing a reverse mortgage

contract would prevent cash-poor households from diversifying their investments, it would not

prevent cash-rich households from spreading their investments around. Consequently, the latter

would not experience any welfare loss from the contract. Additionally, the welfare loss for cash-

poor retirees comes from not assessing their own level of risk. Essentially, each retiree has to

consider how much money she can comfortably a§ord to lose in the worst case scenario. By

closing a reverse mortgage, cash-poor retirees would take on a high risk investment from which

they could not escape if they have to move out. Campbell and Viceira (2002) shows that risky

assets should be attractive to young households with modest savings and large human wealth

relative to Önancial wealth. However, the attractiveness of risky investments diminishes later in

life with the decline in human wealth, which is a relatively safe asset, and the accumulation of

Önancial assets. Consistent with our data, the retireesí Önancial portfolio consists mostly of safe

assets. The house is not only a safe asset, but it is also the main Önancial asset for the retirees.
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1.8 Policy Experiments

The framework presented above allows for many possible policy experiments. In this section we

choose the following four: no moving risk, no up-front costs, reduction in current income and no

bequest motive. These policy experiments allow us to better identify the risk-expanding and the

risk-mitigating aspects of a reverse mortgage.

1.8.1 No Moving Risk

In this subsection we assume that the retiree does not face any moving risk and remains in

her house while alive. Hence, reverse mortgages become safe Önancial instruments. Table 1.7

presents the results. All retirees experience a signiÖcant welfare gain. House-rich but cash-poor

homeowners have a welfare gain equal to a 72 time increase in their initial Önancial assets.

This result explains the rationale behind reverse mortgage contracts. House-rich but cash-poor

homeowners can greatly beneÖt from the contract if they do not move out of their home.

1.8.2 No Up-front Costs

According to the AARP Survey, many possible reasons could explain the reluctance of older

homeowners to tap their home equity: aversion to debt, desire to leave an estate or to use home

equity as a last resort for economic or health emergencies (Fisher et al., 2007). However, among

homeowners who went through counseling but ultimately chose not to apply for this loan, high

costs were the most frequently cited reason for not applying (by 63 percent of non-applicants). In

this subsection, we assume zero up-front costs. Table 1.8 shows the simulation results. Compared

to the baseline case, the welfare gain is larger, given the larger portion of liquid funds accessible

at the closure of the contract. Nonetheless, reverse mortgages remain risky Önancial instruments

unappealing to house-rich but cash-poor homeowners. The welfare loss comes from the fact that

the interest rate on the loan exceeds the saving rate.
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1.8.3 Reduction in Current Income

Reverse mortgages were originally introduced as Önancial instruments able to relieve retirees

from their Önancial pressure. In this subsection, we investigate the case of a 10% reduction in

current income to assess the importance of the liquidity insurance aspect of these loans. This

policy experiment is relevant for two reasons. First, according to the AARP Survey, the median

reverse mortgage borrower is house-rich and cash-medium, and her per period income is less

than $20,000. Therefore, we are interested in the welfare gain prediction of our model for this

subgroup of homeowners. Second, increases in the living cost and in health care costs, and

cutbacks in Social Security or in other employee beneÖts can expose retirees to reductions in

their per period resources available for consumption. Consequently, they might have to adjust

to a decreased standard of living in their older years.

In this model, retirees are not allowed to borrow and current consumption is limited by current

resources. Thus, a reduction in current income causes a decrease in current consumption. Reverse

mortgages, augmenting the resources available to consumption, ease the liquidity problem and

generate welfare gains larger than in the baseline case (Table 1.9). The group of households

that experience the largest welfare gain are those in the middle right quadrant (Cash-Medium,

House-Rich). Therefore, our simulation accounts for the data on reverse mortgage borrowers.

The moving risk and the lack of diversiÖcation cause welfare losses for cash-poor households.

1.8.4 No Bequest Motive

Leaving an estate is an important reason to save for many retirees. The baseline degree of altruism

B is assumed to be equal to 1; hence, the retiree has a strong bequest motive. However, in

reality, many households are neither able or eager to leave an estate. In this subsection, the

retiree does not receive any utility from leaving an estate and prefers to consume all her assets

while alive. That is, we assume B = 0.
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The welfare gain without a bequest motive always exceeds the gain in the baseline case (Table

1.10). While in the bequest model the increase in the initial Önancial assets from closing a reverse

mortgage is partly consumed and partly bequeathed, it is entirely consumed in the model without

a bequest motive. Given that the retiree receives higher utility from her own consumption

than from leaving an estate, the model explains the smaller welfare gain in the baseline case.

Nevertheless, similar to the baseline case, all cash-poor households and, particularly, house-rich

but cash-poor households, experience a welfare loss from a reverse mortgage. The moving risk

and the lack of diversiÖcation in the investments are the main causes of this welfare loss.

1.9 Conclusion and Extensions

This paper examines retiree consumption, housing and mobility decisions and provides a plausible

explanation for the existence of a niche reverse mortgage market.

Using a structural dynamic life-cycle model, we Önd that retirees are risk averse and home

equity is the most important component of precautionary savings after retirement. Reverse

mortgages provide liquidity and a form of longevity insurance, but introduce a new risk, the

moving risk. Closing this contract is risky especially for house-rich but cash-poor homeowners.

If they have drawn on their home equity through a reverse mortgage, their ability to meet

unforeseen costs or move into alternative housing may be limited. Intuitively, a reverse mortgage

can be seen as a gamble. Gambling involves a small stake for a large prize. The small stake is the

up-front cost that the retiree has to pay to participate in the "reverse mortgage game." The big

prize is the use of her own home and the higher consumption that could be enjoyed if the retiree

wins, namely if she does not move out. If the retiree moves out while alive, she loses and incurs

a signiÖcant welfare loss. Gambling can allow someone who is poor to become rich. However,

luck plays an important role in this game. These results underline the urgency for further policy

analysis directed at designing safe and appealing Önancial instruments for the elderly which let

them liquidate some of their home equity without incurring major risks.
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In this paper, we present the Örst application of a set of mathematical tools to an empirical

work, namely the Mathematical Programming with Equilibrium Constraints, a áexible polyno-

mial approximation, shape preservation and the Envelope Condition. Our approach could be

fruitfully extended to richer representations of life-cycle consumption behavior and structural

estimation problems. SpeciÖcally, further extensions of this framework include the estimation

of the economic model with Epstein-Zin preferences and the introduction of additional sources

of uncertainties, such as out-of-pocket medical expenses, stochastic house price and stochastic

interest rate risk . A recursive utility would be of interest since it allows to separate and econo-

metrically evaluate the elasticity of intertemporal substitution and the coe¢cient of relative risk

aversion. Finally, it is possible to use this model to examine how di§erent housing policies can

a§ect the consumption and housing decisions of the elderly.

1.10 Technical Appendix

This Techical Appendix describes the MPEC with dynamic programming (DP) approach in the

presence of discrete and continuous choices.

The panel data used in this study involves 3 years and 175 individuals.

The available data are both continuous and discrete.

The continuous data include consumption and non-housing Önancial assets. The discrete (or

discretized) data are the individualís housing tenure (own-rent), her moving decision and her

house value. We have additional data on the individualsí demographics, including age.

The MPEC with DP approach simultaneously solves the dynamic programming problem and

the maximum likelihood estimation of the preference parameters.

1.10.1 Dynamic Programming with Approximation of the Value Function

The life-cycle model is described as follow.

One continuous state variable: Önancial assets.
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Two discrete state variables: previous period housing tenure and previous period house value.

One continuous choice variable: consumption.

Many discrete choices: Not Move(N), Move to house value h with housing tenure q (Mhq),

where q ={Own,Rent}.

1.10.2 Backward Solution from Time T for True Value Functions

In each period, the household chooses whether to stay in her house or to move out. If she moves

out, she can either buy or rent a new house and she can choose her new house value. Let the

subscripts dN , dMhq denote respectively the decision not to move and the decision to move to

house value h with housing tenure q. The housing tenure is a binary variable that takes value 1

if the household owns the house.

The last period value function is known and equal to VT (A;H;Q) where A is the individualís

non-housing Önancial assets, H her previous period house value and Q her previous period

housing tenure.

In periods t = 1:::(T  1) we deÖne:

VdN ;t = u(cdN ;H) + t+1Vt+1(RA c

dN   + y;H;Q) + "

N
t

VdMhq ;t = u(cdMhq ; h) + t+1Vt+1(RA c

dMhq   M + y;h; q) + "Mqh

t

where M is the transaction cost:

M = Q(qhH + ownqh+ rent(1 q)h) + (1Q)(1 q)renth

and  is the per period housing expense:

 = [Q own + (1Q) rent]H + [q own + (1 q) rent]h
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cdN and cdMqh are the consumption levels respectively if the individual does not move and

if she moves to house value h choosing the housing tenure q: y is the householdís per period

income. t+1 is her survival probability. "
N
t and "

Mqh
t are Type I Extreme Value errors.

Following Rust, we assume that the additivity and the conditional independence assumptions

hold.

To simplify the notation, we introduce the following expressions, which are evaluated at the

optimal consumption level:

bVdN ;t = u(cdN ;H) + t+1Vt+1(RA c

dN   + y;H;Q)

bVdMhq ;t = u(cdMhq ; h) + t+1Vt+1(RA c

dMhq   M + y;h; q)

The extreme value assumption on "t implies that we can reduce the dimensionality of the

dynamic programming problem. The Bellman equation is given by the following closed form

solution:

Vt(A;H;Q) = Pr(N jA;H;Q)  bVdN ;t + E("Nt jN)

+
X

h

X

q

fPr(MhqjA;H;Q)  bVdMhq ;t + E("
Mhq
t jMhq)g

= ln

(
exp(bVdN ;t) +

X

h

X

q

exp(bVdMhq ;t)

)

Given Vt+1, the Bellman equation implies, for each asset level A, three set of equations that

determine the optimal consumption, c
dN
, c
dMhq , Vt(A;H;Q), and V 0t (A;H;Q) :
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Euler Equations:

u
0(cdN ;H) t+1V

0
t+1(RA c


dN   + y;H;Q) = 0

u
0(cdMhq ; h) t+1V

0
t+1(RA c


dMhq   M + y;h; q) = 0

Envelope Condition:

V
0
t (A;H;Q) = Pr(N jA;H;Q)  bV 0dN ;t +

X

h

X

q

Pr(MhqjA;H;Q)  bV 0dMhq ;t

Bellman equation:

Vt(A;H;Q) = ln

(
exp(bVdN ;t) +

X

h

X

q

exp(bVdMhq ;t)

)

The time t = 1:::(T1) probabilities of not moving and moving to house value h with housing

tenure q are:

Pr(N jA;H;Q) =
exp(bVdN ;t)

exp(bVdN ;t) +
P
h

P
q exp(

bVdMhq ;t)
=

exp(bVdN ;t)
exp(Vt(A;H;Q))

Pr(MhqjA;H;Q) =
exp(bVdMhq ;t)

exp(bVdN ;t) +
P
h

P
q exp(

bVdMhq ;t)
=

exp(bVdMhq ;t)

exp(Vt(A;H;Q))

1.10.3 Backward Solution from Time T for Approximate Value Functions

Let (A;H;Q; a) and d(A;H;Q; b) be the functions that we use to approximate respectively

the value functions V (A;H;Q) and the policy functions cd(A;H;Q), with d = fd
N
; d
Mhqg: If we

assume that they are seventh-order polynomials centered at A, then

(A;H;Q; a;A) =
7X

k=0

ak;H;Q(AA)k
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The time t value function is approximated by

Vt (A;H;Q) = (A;H;Q; at; At) =
7X

k=0

ak+1;H;Q;t(AAt)k

The time t policy functions are approximated by

c

d;t (A;H;Q) = (A;H;Q; bd;t; At) =

7X

k=0

bk+1;H;Q;d;t(AAt)k

where the dependence of the value function on time is represented by the dependence of the

a coe¢cients and the center A on time and the dependence of the policy functions on time is

represented by the dependence of the b coe¢cients and the center A:

We will choose At = (Amaxt +Amint )=2; the period t average level of assets. Note that At is a

parameter and does not change during the dynamic programming solution method. Therefore,

we will drop it as an explicit argument of . So, (A;H;Q; at) will mean (A;H;Q; at; At):

We would like to Önd coe¢cients at and bd;t such that each time t Bellman equation, along

with the Euler and Envelope conditions, holds with the  approximation; that is, for each time

t < T  2, we want to Önd coe¢cients at such that for all A

(A;H;Q; at) = ln

(
exp(bVdN ;t) +

X

h

X

q

exp(bVdMhq ;t)

)

where

bVdN ;t = u(cdN ;H) + t+1t+1(RA c

dN   + y;H;Q; at+1)

bVdMhq ;t = u(cdMhq ; h) + t+1t+1(RA c

dMhq   M + y;h; q; at+1)

and for time t = T  1, we want to Önd coe¢cients at given that

bVdN ;T1 = u(cdN ;H) + TVT (RA c

dN   + y;H;Q)

bVdMhq ;T1 = u(cdMhq ; h) + TVT (RA c

dMhq   M + y;h; q)
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We need to approximately solve the Bellman equation. To this end, we deÖne various errors.

First, we create a Önite grid of asset levels we will use for approximating the value functions.

Let Ai;t be grid point i in the time t grid. The choice of grids is governed by considerations from

approximation theory. Then we create a grid of house values. Let Hj;t be grid point j in the

time t grid. The housing tenure is a binary variable. Let Qz;t be grid point z in the time t grid.

Next we need to specify the various errors that may arise in our approximation. We will

consider three errors and one side condition.

First, at each time t and each Ai;t and each previous period house value Hj;t1 and housing

tenure Qz;t1, the absolute value of the Euler equations if consumption is respectively ci;j;z;dN ;t

and c
i;dMhq ;t

, which we denote as ei;j;z;t  0, satisÖes the inequality

ei;j;z;t  u
0(ci;j;z;dN ;t;Hj;t1)t+1

0(RAi;tci;j;z;dN ;t j;z+y;Hj;t1; Qz;t1; at+1)  
e
i;j;z;t

ei;j;z;t  u
0(ci;dMhq ;t; ht)

t+1
0(RAi;t  ci;dMhq ;t   h;q Mj;z;dMhq + y;ht; qt; at+1)  

e
i;j;z;t

where 0(x; at+1) is the derivative of (x; at+1) with respect to x.

Second, the Bellman equation error at Ai;t with consumption ci;j;z;dN ;t and ci;dMhq ;t is denoted

by bj;z;t and satisÖes

bj;z;t  (Ai;t;Hj;t1; Qz;t1; at) ln

(
exp(bVi;j;z;dN ;t) +

X

h

X

q

exp(bVi;j;dMhq ;t)

)
 

b
j;z;t
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where

bVi;j;z;dN ;t = u(ci;j;z;dN ;t;Hj;t1) + t+1(RAi;t  c

i;j;z;dN ;t   j;z + y;Hj;t1; Qz;t1; at+1)

bVi;dMhq ;t = u(ci;dMhq ;t; ht) + t+1(RAi;t  c

i;dMhq ;t   h;q Mj;z;dMhq + y;ht; qt; at+1)

Third, the Envelope condition errors, envj;z;t, satisÖes

envj;z;t  0(Ai;t;Hj;t1; Qz;t1; at)ffi;j;z;dN ;t0(RAi;tci;j;z;dN ;t j;z+y;Hj;t1; Qz;t1; at+1)

+
P
h

P
q[fi;dMhq ;t  0(RAi;t  ci;dMhq ;t   h;q Mj;z;dMhq + y;ht; qt; at+1)]g  

env
j;z;t

where

fi;j;z;d;t = Pr(djAi;t;Hj;t; Qz;t) =
exp(bVi;j;z;d;t)

exp(bVi;j;z;dN ;t) +
P
h

P
q exp(

bVi;dMhq ;t)

Fourth, we introduce the policy function errors:

consi;j;z;d;t  (Ai;t;Hj;t; Qz;t; bt) c

i;j;z;d;t(Ai;t;Hj;t; Qz;t)  

cons
i;j;z;d;t

1.10.4 Empirical Part

In the theoretical DP part we obtain the coe¢cients used in the approximation of the value

function.

In this part, for any individual data of Önancial asset, previous period house value and age,

we calculate the predicted consumption and the probabilities of moving. The individual makes

simultaneously the housing decision dn;tp and the consumption decision.

Let cpredn;tp and c
data
n;tp denote respectively the predicted and the true value of consumption for

household n at time tp:

For any given discrete choice on housing dn;tp, using the real data on consumption, we cal-

culate the measurement error:
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Pr(cn;tpjdn;tp; Adatan;tp ;H
data
n;tp1; Q

data
n;tp1) =

1
p
22

e

(cdatan;tpc

pred
n;tp )

2

22

The probability for the discrete choice on housing is given by:

Pr(dn;tpjAdatan;tp ;H
data
n;tp1; Q

data
n;tp1) =

e
bVd;n;tp

P
m e

bV m;n;tp

Therefore the joint probability of making the discrete housing choice dn;tp and the continuous

consumption choice cn;tp is given by:

Pr(dn;tp; cn;tpjAdatan;tp ;H
data
n;tp1; Q

data
n;tp1) =

Pr(dn;tpjAdatan;tp ;H
data
n;tp1; Q

data
n;tp1)  Pr(cn;tjdn;tp; A

data
n;tp ;H

data
n;tp1; Q

data
n;tp1)

The log-likelihood is given by:

L() =
NX

n=1

TPX

tp=1

log Pr(dn;tp; cn;tpjAdatan;tp ;H
data
n;tp1; Q

data
n;tp1; )

where N denotes the number of individuals in the sample and TP the number of time periods

in the panel data.

1.10.5 MPEC

With these deÖnitions, let

 =
X

t

X

i

X

j

X

z


e
i;j;z;t +

X

t

X

j

X

z


b
j;z;t +

X

t

X

j

X

z


env
j;z;t +

X

t

X

i

X

j

X

z

X

d


cons
i;j;z;d;t

and let P be a penalty parameter.

The MPEC approach to the estimation of the preference parameters is:

Max
;a;c

L() P  
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subject to:

Bellman error

bj;z;t  (Ai;t; at) ln

(
exp(bVi;i;z;dN ;t) +

X

h

X

q

exp(bVi;dMhq ;t)

)
 

b
j;z;t

Euler errors

ei;j;z;t  uc;i;j;z;dN ;t + 
+
A;i;j;z;dN ;t

 
e
i;j;z;t

ei;j;z;t  uc;i;dMhq ;t + 
+
A;i;dMhq ;t

 
e
i;j;z;t

Envelope error

envj;z;t  A;i;z;t  ffi;j;z;dN ;t  
+
A;i;j;z;dN ;t

+
X

h

X

q

[fi;dMhq ;t  
+
A;i;dMhq ;t

]g  
env
j;z;t

Policy function error

consi;j;z;d;t  (Ai;t;Hj;t; Qz;t; bd;t) c

i;j;z;d;t(Ai;t;Hj;t; Qz;t)  

cons
i;j;z;d;t

The probability of decision d :

fi;j;z;d;t =
exp(bVi;j;z;d;t)

exp(bVi;j;z;dN ;t) +
P
h

P
q exp(

bVi;dMhq ;t)

where + denotes the approximation for the next period value function, as described in the

next subsection.

1.10.6 AMPL

Backward Solution from Time T for Approximate Value Functions in AMPL

In order to formulate this problem in AMPL, we need to list every quantity that is computed.
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The time-speciÖc asset grids Ai;t are Öxed.

The parameters are

Ai;t; ; i;t; R;  
own

;  
rent

; 
own

; 
rent

; B

The basic variables of interest are

ci;j;z;dN ;t; ci;dMhq ;t

ak;j;z;t; bk;j;z;d;t


e
i;j;z;t; 

b
j;z;t; 

env
j;z;t; 

cons
i;j;z;d;t

AMPL does not allow procedure programming; therefore, we need to deÖne other variables

to represent quantities deÖned in terms of other variables. We Örst need

ui;j;z;dN ;t  u


c

i;j;z;dN ;t;Hj;t1



uc;i;j;z;dN ;t  u
0

c

i;j;z;dN ;t;Hj;t1



A
+
i;j;z;dN ;t

 RAi;t  ci;j;z;dN ;t   j;z + y

fi;j;z;dN ;t = Pr(N jAi;t;Hj;t1; Qz;t1)

ui;dMhq ;t  u


c

i;dMhq ;t; ht



uc;i;dMhq ;t  u
0

c

i;dMhq ;t; ht



A
+
i;dMhq ;t

 RAi;t  ci;dMhq ;t   hq Mj;z;dMhq + y

fi;dMhq ;t = Pr(MhqjAi;t;Hj;t1; Qz;t1)

We next use those variables to build more variables
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i;j;z;t  (Ai;t;Hj;t1; Qz;t1; at)

A;i;j;z;t  0(Ai;t;Hj;t1; Qz;t1; at)

+
i;j;z;dN ;t

 (A+
i;j;z;dN ;t

;Hj;t1; Qz;t1; at+1)

+
A;i;j;z;dN ;t

 0(A+
i;j;z;dN ;t

;Hj;t1; Qz;t1; at+1)

+
i;dMhq ;t

 (A+
i;dMhq ;t

; ht; qt; at+1)

+
A;i;dMhq ;t

 0(A+
i;dMhq ;t

; ht; qt; at+1)

i;j;z;d;t  (Ai;t;Hj;t1; Qz;t1; bd;t)

With these variables deÖned, the Bellman equation error inequality becomes

bj;z;t  i;j;z;t  ln

(
exp(bVi;j;z;dN ;t) +

X

h

X

q

exp(bVi;dMhq ;t)

)
 

b
j;z;t

where

bVi;j;z;dN ;t = ui;j;z;dN ;t + t+1
+
i;j;z;dN ;t

bVi;dMhq ;t = ui;dMhq ;t + t+1
+
i;dMhq ;t

the Euler equation error inequalities become

ei;j;z;t  uc;i;j;z;dN ;t + 
+
A;i;j;z;dN ;t

 
e
i;j;z;t

ei;j;z;t  uc;i;dMhq ;t + 
+
A;i;dMhq ;t

 
e
i;j;z;;t

and the Envelope error inequality becomes
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envj;z;t  A;i;j;z;t  ffi;j;z;dN ;t  
+
A;i;j;z;dN ;t

+
X

h

X

q

[fi;dMhq ;t  
+
A;i;dMhq ;t

]g  
env
j;z;t

The probability of decision d :

fi;j;d;t =
exp(bVi;j;z;d;t)

exp(bVi;j;z;dN ;t) +
P
h

P
q exp(

bVi;dMhq ;t)

The policy function errors are

consi;j;z;d;t  i;j;z;d;t  c

i;j;z;d;t  

cons
i;j;z;d;t

Empirical Part in AMPL

We consider individuals in our sample such that Agedatan;tp = 1:::(T  2):

Let Adatan;tp , Age
data
n;tp , H

data
n;tp1 and Q

data
n;tp1 denote the data on non-housing Önancial assets, age,

previous period house value and previous period housing tenure for household n in year tp in the

panel data. Given these data, the variables of interest are:

c
pred
dN ;n;tp

= dN (A
data
n;tp ;H

data
n;tp1; Q

data
n;tp1; bAgedatan;tp

)

c
pred
dMhq ;n;tp

= dMhq(Adatan;tp ;H
data
n;tp1; Q

data
n;tp1; bAgedatan;tp

)

u
pred
dN ;n;tp

 u


c
pred
dN ;n;tp

;H
data
n;tp1; Q

data
n;tp1



uc;dN ;n;tp  u
0 
cdN ;n;tp;H

data
n;tp1; Q

data
n;tp1



A
+
dN ;n;tp

 RA
data
n;tp  c

pred
dN ;n;tp

  (Hdata
n;tp1; Q

data
n;tp1) + y

f
pred
dN ;n;tp

= Pr(N jAdatan;t ;H
data
n;tp1; Q

data
n;tp1; Age

data
n;tp )

u
pred
dMhq ;n;tp

 u


c
pred
dMhq ;n;tp

;H
data
n;tp1;H

choice
n;tp ; Q

data
n;tp1; Q

choice
n;tp


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uc;dMhq ;n;tp  u
0 
cdMhq ;n;tp;H

data
n;tp1;H

choice
n;tp ; Q

data
n;tp1; Q

choice
n;tp



A
+
dMhq ;n;tp

 RA
data
n;tp c

pred
dMhq ;n;tp

 (Hchoice
n;tp ; Q

choice
n;tp )M(Hdata

n;tp1; Q
data
n;tp1;H

choice
n;tp ; Q

choice
n;tp )+y

f
pred
dMhq ;n;tp

= Pr(MhqjAdatan;tp ;H
data
n;tp1; Q

data
n;tp1; Age

data
n;tp )

We next use those variables to build more variables

datan;tp  (Adatan;tp ;H
data
n;tp1; Q

data
n;tp1; aAgedatan;tp

)

dataA;n;tp  (
data)0(Adatan;tp ;H

data
n;tp1; Q

data
n;tp1; aAgedatan;tp

)

+
dN ;n;tp

 data(A+
dN ;n;tp

;H
data
n;tp1; Q

data
n;tp1; aAgedatan;tp+1

)

+
A;dN ;n;tp

 0(A+
dN ;n;tp

;H
data
n;tp1; Q

data
n;tp1; aAgedatan;tp+1

)

+
dMhq ;n;tp

 (A+
dMhq ;n;tp

;H
data
n;tp1;H

choice
n;tp ; Q

data
n;tp1; Q

choice
n;tp ; aAgedatan;tp+1

)

+
A;dMhq ;n;tp

 0(A+
dMhq ;n;tp

;H
data
n;tp1;H

choice
n;tp ;H

data
n;tp1;H

choice
n;tp ; aAgedatan;tp+1

)

bV pred
dN ;n;tp

= u(cpred
dNM ;n;tp

;H
data
n;tp )

+(RAdatan;tp  c
pred
dNM ;n;tp

  (Hdata
n;tp1; Q

data
n;tp1) + y;H

data
n;tp1; Q

data
n;tp1; aAgedatan;tp+1

)

bV pred
dMhq ;n;tp

= u(cpred
dMhq ;n;tp

;H
choice
n;tp ) + (RAdatan;tp  c

pred
dMhq ;n;tp

  (Hchoice
n;tp ; Q

choice
n;tp )

M(Hdata
n;tp1; Q

data
n;tp1;H

choice
n;tp ; Q

choice
n;tp )+y;Hdata

n;tp1;H
choice
n;tp ; Q

data
n;tp1; Q

choice
n;tp ; aAgedatan;tp+1

)

The probabilities of not moving and moving are:

f
pred
dN ;n;tp

= Pr(HdN ;n;tpjAdatan;tp ;H
data
n;tp1; Q

data
n;tp1; Age

data
n;tp ) =

exp(bV pred
dN ;n;tp

)

exp(bV pred
dN ;n;tp

)+
P
h

P
q exp(

bV pred
dMhq;n;tp

)

f
pred
dMhq ;n;tp

= Pr(HdMhq ;n;tpjAdatan;tp ;H
data
n;tp1; Q

data
n;tp1; Age

data
n;tp ) =

exp(bV pred
dMhq;n;tp

)

exp(bV pred
dN ;n;tp

)+
P
h

P
q exp(

bV pred
dMhq;n;tp

)

The measurement error in consumption is normally distributed with mean 0 and variance 2:

Pr(cn;tpjdn;tp; Adatan;tp ;H
data
n;tp ; Q

data
n;tp ) =

1p
22

exp(
(cdatan;tpc

pred
d;n;tp)

2

22
)
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Figure 11: Survival Curves of HECM Loans for Single Males, Single Females,
and Couples (Bowen Bishop and Shan, 2008)

Table 1.1: Descriptive Statistics

Percentiles Min Max Mean
25% 50% 75%

H $40,000 $70,000 $92,000 $ 2,500 $170,000 $71,000
A $5,000 $17,500 $63,000 $0 $276,548 $45,950
H=A 0.86 2.5 7.5 0.11 1500 23.4
C $6,270 $9,774 $15,090 $800 $84,380 $13,873
ss $6,972 $9,468 $11,340 $0 $ 24.701 $9,087
Age 69 74 79 64 86 74
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Figure 12: Termination Hazard Rates of HECM Loans for Single Males, Single
Females, and Couples (Bowen Bishop and Shan, 2008)

Figure 13: Consumption

Table 1.2: Financial Portfolio Composition

Percentiles Min Max
25% 50% 75%

Stocks $0 $0 $0 $ 0 $125,000
Chck $300 $2,500 $9,000 $ 0 $100,000
Cds $0 $0 $4,000 $ 0 $200,000
Tran $700 $4,000 $8,500 $ 0 $30,000
Bonds $0 $0 $0 $ 0 $80,000
IRA $0 $0 $1000 $ 0 $137,000
Debt $0 $0 $0 $ 0 $7,000



49

Figure 14: Social Security Income

Figure 15: Non-housing Financial Assets

Table 1.3: Housing Choices when Moving

Housing Choices (1) (2) (3) (4) (5)
Percentage of Households 50% 24% 13% 6.5% 6.5%

where:
(1) Buy a house of equal value
(2) Rent a house of equal value
(3) Buy a smaller house
(4) Rent a smaller house
(5) Rent a larger house
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Figure 16: Housing

Table 1.4: Structural Estimation Results

Description Parameter Estimate
Coe¢cient of relative risk aversion  3.87 (0.61)
Preference parameter over housing ! 0.85 (0.04)
s.d. of measurement error in consumption  0.87 (0.07)

Table 1.5: Median Non-Housing Financial Assets

HOUSE
House-Poor House-Medium House-Rich

FINANCIAL ASSETS
Cash-Poor $1,000 $2,000 $2,250
Cash-Medium $16,000 $28,000 $46,000
Cash-Rich $120,000 $103,000 $135,250

Table 1.6: Median Welfare Gain

HOUSE
House-Poor House-Medium House-Rich

FINANCIAL ASSETS
Cash-Poor -59% -64% -120%
Cash-Medium -27% 30% 24%
Cash-Rich 85% 20% 47%
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Table 1.7: Median Welfare Gain, No Moving Risk

HOUSE
House-Poor House-Medium House-Rich

FINANCIAL ASSETS
Cash-Poor 3,550% 7,804% 7,173%
Cash-Medium 243% 418% 496%
Cash-Rich 28% 115% 35%

Table 1.8: Median Welfare Gain, No Upfront Costs

HOUSE
House-Poor House-Medium House-Rich

FINANCIAL ASSETS
Cash-Poor -40% 9% -120%
Cash-Medium 17% 171% 219%
Cash-Rich 103% 98% 71%

Table 1.9: Median Welfare Gain, 10% Cut in Current Income

HOUSE
House-Poor House-Medium House-Rich

FINANCIAL ASSETS
Cash-Poor -30% -22% -121%
Cash-Medium -4% 184% 208%
Cash-Rich 94% 138% 23%

Table 1.10: Median Welfare Gain, No Bequest

HOUSE
House-Poor House-Medium House-Rich

FINANCIAL ASSETS
Cash-Poor -21% -30% -120%
Cash-Medium 40% 190% 27%
Cash-Rich 103% 122% 64%
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Chapter 2

Marrying for Money

2.1 Introduction

Ostensively, people marry for love. In fact money may be the driving factor. Marriage engenders

economizing of resources, pooling risks and sharing wealth. How important are these factors?

Does it pay to get married? This paper provides an economic view of marriage and determines

what it is worth.

Across many di§erent countries, marriage has historically been viewed as a source of Önancial

security, as noted by Gallagher and Waite (2000). The life uncertainties make it hard to decide

how much to spend for the current consumption and how much to save against unpredictable

events. Spousesí explicit agreement, as a part of their marriage vow, of mutual support against

lifeís unforeseen events acts as a kind of insurance policy. Of course, people can buy insurance

from private companies. However, since these companies have to cover the costs of running the

business, the private insurance policies are much more expensive than the same level insurance

that results from marriage. In addition, within the family, there exists a level of trust and

information that alleviates the key problems associated with the provision of insurance by public

markets. Among those, moral hazard, adverse selection and deception. Important risks for

which the market ìpublicî problems can be particularly severe are the risk of job loss or change

in earnings and the risk of disability. In particular, the public market is not always able to

determine the extent to which an individual actually su§ered an earning loss or became disabled.

The familyís role in providing insurance to family members has been explicitly considered in

Schultz (1974), Becker (1973, 1981), Becker et al. (1977), Kotliko§ and Spivak (1981).
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This paper is concerned with marriage as an implicit insurance contract against the risk

of earning loss, of disability and of running out of consumption resources because of greater

than average longevity. This contract is made ex-ante by completely selÖsh individuals who

obtain utility only from their own consumption. Each individual works between age 30 and age

65 and then retires. We assume that each individual faces earning uncertainty in the working

period and uncertain medical expenses after retirement. Along the entire life length, the date of

death is uncertain. The labor income process, the medical expenditure process and the survival

probabilities are ex-ante known. We calculate the spousesí gain from pooling their uninsurable

risks of labor income, health expenditure and longevity through marriage. The prospect of

bad realizations in future earnings, of out-of-pocket medical expenses, or of a longer life than

average can ináuence the individualsí decisions about how fast to consume over time, about their

wedding, and about their spouse. Throughout the paper, we simulate the gain from marriage

as a result of the risk-sharing arrangements o§ered within the family. In the Önal paragraph

we introduce the economies of shared living, to make our analysis more realistic. Our Önding

shows that even though the economies of shared living are the main determinant of the marriage

gain, the risk-sharing arrangements play an important role. Focusing on risk sharing, we Önd

that a 30-year-old representative spouse enjoys about a 15% higher consumption than if she

stayed single. The marriage gain increases during the working period until age 45, mainly due to

risk pooling opportunities against job loss risk, and then declines as the individual approaches

retirement. After retirement, the gain from marriage increases again, reaching a peak at age 75,

as families can self-insure against unexpected out-of-pocket medical expenses, nursing home costs

and uncertain dates of death. We Önd that women experience higher marriage gain than men

at each age. This reáects the fact that while both partners agree on equal consumption in an

equally weighted marriage contract, the husband has lower survival probabilities and therefore

is more likely to die and bequest Örst.
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We compare the gain from marriage at di§erent ages for both men and women with di§erent

education levels. We can explain the existing ëschooling homogamyí among highly educated

people as a consequence of the behavior of rational individuals that at each age are likely to

choose their spouse to maximize their expected lifetime utility and consumption. Love and

a§ection can be important, but ìthere are fewer Cinderella marriages these days,î as noted by

Coontz (2005). ìMen are less interested in rescuing a woman from poverty. They want to Önd

someone who will pull her weight.î From the vast literature on marriage and assortative mating,

Mare (1991), Pencavel (1998), and Mancuso and Pencavel (1999) deal speciÖcally with schooling

homogamy. In our model, a 30-year-old male college graduate who marries a woman without

high school faces a decrease in his consumption by about 4% than if he stayed single, while he

can experience a consumption increase by about 7% from marrying a college graduate. For a

30-year-old female college graduate the marriage gain is about 7.5% and 21% respectively from

marrying a man without high school and a college graduate. As noted before, the di§erence in

male and female marriage gain reáects only the di§erence in survival probabilities for identical

education levels.

The model cannot be solved analytically; therefore we develop a dynamic programming model

in which single individuals and families face longevity, earning, and health uncertainty. The sim-

ulation analysis is conducted in partial equilibrium, and factor prices (wages and interest rates)

are assumed constant over time. Partial equilibrium analyses can overstate the associated general

equilibrium results but can give a Örst impression of the gain from marriage when individuals

face multiple uncertainties.

The paper is organized as follows.

Section 1 introduces our life-cycle model for a single individual and for a couple. Section

2 describes the gain from marriage calculation. Section 3 discusses the numerical solution and

Section 4 the calibration. Section 5 presents the simulation results. Section 6 concludes.
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2.2 A Life-Cycle Model

2.2.1 The Individualís Consumption Plan

We consider a representative individual that faces earning, life span and health expenditure

uncertainty. Time is discrete and each period t corresponds to one year. The retirement age is

set exogenously and equal to age 65. T is the maximum longevity and it is set equal to 95. For

age t = f30; : : : ; 65g, the individual faces earning shocks Y it 2 Eit = fY
i;min
t ; :::; Y

i;max
t g. At the

beginning of each period, before observing the current period earning shock , the representative

individual chooses her consumption fCitg65t=30 . This choice is conditioned on her history, which

includes her initial endowment of wealth and accumulated assets. At the end of each period,

the individual observes the current period earning shock. For the age t = f66; : : : ; 95g the

individual faces longevity and health shocks. Her wealth is determined by the accumulated

assets and the associated interests, less medical expenses. The representative individual choice

of her consumption fCitg95t=66 is conditioned on her history, accumulated assets and medical

expenses.

The individual iís choice problem is to decide on the path of her control variable fCitg95t=30 in

order to maximize the expected discounted sum of her current and future utility, which can be

written as follows:

max
fCitg

95
t=30

E

95X

t=30


t30

0

@
t2Y

j=0

Q
i
j

1

Au(Cit) (2.1)

where  = 1=(1+) is the rate of time preference andQit is individual iís probability of survival

from period zero until period t. We assume that individual iís preferences are represented by a

time-separable iso-elastic utility function:

u(Cit) =
(Cit)

1

1 
(2.2)
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2.2.2 The Familyís Consumption Plan

We consider a representative family, composed of two individuals who both work from the age

of 30 until the age of 65, and then they retire. For age t = f30; : : : ; 65g, each family member

faces earning shocks Y fit 2 E
fi
t = fY fi;mint ; :::; Y

fi;max
t g, with i = f1; 2g, while for the age

t = f66; : : : ; 95g each family member faces health shocks. During their entire life, the individuals

face longevity uncertainty. At the beginning of each period the representative family chooses her

consumption fCft g
95
t=30, which is the sum of both family memberís consumption fCf1t ; C

f2
t g

95
t=30.

The choice is conditioned on the familyís history, which includes each memberís initial endowment

of wealth and the accumulated assets. At the end of the period, each family member observes

her current period earning shock. For age t = f66; : : : ; 95g the familyís wealth is determined by

accumulated assets and associated interests, less medical expenses.

The familyís choice problem is to decide on the path of her control variables fCf1t ; C
f2
t g

95
t=30

in order to maximize the expected discounted weighted sum of each family memberís current

and future utility.

Both family members have the same iso-elastic utility function:

u(Cfit ) =
(Cfit )

1

1 
for i = 1; 2 (2.3)

The current period familyís consumption choice problem is described as follows:

max
fCf1t ;C

f2
t g
Q
f1
t Q

f2
t [u(C

f1
t ) + u(C

f2
t )] +Q

f1
t (1Q

f2
t )u(C

f1
t ) + (1Q

f1
t )Q

f2
t u(C

f2
t ) (2.4)

subject to:

C
f
t = C

f1
t + Cf2t (2.5)
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where Qf1t and Q
f2
t are respectively the male and female survival probabilities. C

f1
t and

C
f2
t are the husbandís and the wifeís consumptions. Cft is the familyís consumption.  is the

di§erential weight applied to the wifeís expected utility. Throughout the paper we assume that

 equals 1, that is an equal consumption (equal weighting) marriage contract.

We rewrite this problem as follows:

max
fCft g

Q
f1
t Q

f2
t U(C

f
t ) +Q

f1
t (1Q

f2
t )u(C

f
t ) + (1Q

f1
t )Q

f2
t u(C

f
t ) (2.6)

given that:

U(Cft ) = max
fCf1t ;C

f2
t g
(u(Cf1t ) + u(C

f2
t )) subject to C

f
t = C

f1
t + Cf2t (2.7)

The FOCs associated with (2.7) are:

C
f1
t =

C
f
t

1 + 1=
and C

f2
t =

C
f
t 
1=

1 + 1=
(2.8)

It follows that:

U(Cft ) =
(Cft )

1

1 
(1 + 1=) (2.9)

2.2.3 The Labor Income Process

We consider the labor income process, as described in Cocco, Gomes and Maenhout (2005).

Before retirement (t < 65), age-t labor income is exogenously given by the sum of a determin-

istic component and two random components. The deterministic component f(t) is a function

of age and is calibrated to capture the hump shape of income over the life cycle. The random

components are one permanent vit and one transitory "
i
t.
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log(Y it ) = f(t) + vit + "
i
t (2.10)

The process for the permanent random component vit is a random walk, as described by the

following equation1:

v
i
t = v

i
t1 + u

i
t (2.11)

The permanent shock uit and is distributed as N(0; 
2
u) and is uncorrelated with "

i
t. We

assume that the transitory shock is distributed as N(0; 2") .

A more realistic labor income process should take into account also catastrophic shocks, as

described in Gomes, Kotliko§, and Viceira (2007), according to which the transitory shock is

distributed as:

8
>><

>>:

N(0; 2") with probability (1 )

ln(0:1) with probability 

(2.12)

Assuming this process for the transitory shock, we include in the model the probability of a

large negative income shock as in Heaton and Lucas (1997), Caroll (1992, 1997), Deaton (1991).

2.2.4 Medical Expenses

We assume that medical expenses include both out-of-pocket health care expenditures G(t; Zit)

and potential nursing home costs D(t; Zit).

Mt = G(t; Zit) + s
i
tD(t; Z

i
t) (2.13)

1Caroll (1997), Gourinchas and Parker (2002) used the same assumption about the permanent random compo-
nent. Hubbard, Skinner and Zeldes (1995) estimate a general Örst-order autoregressive process for three categories
of education of the family head: less than twelve years of schooling (no high school degree), between twelve and
Öfteen years (with high school degree) and sixteen years or more (college degree). They Önd a value for the
autocorrelation coe¢cient close to one.
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The process for out-of-pocket health care expenses for the retired individual is taken from

Scholz, Seshandri, and Khitatrakun (2006)

G(t; Zit) = 0 + 1Aget + 2Age
2
t + t (2.14)

t = t1 + t

t  N(0; 2)

where Aget is the age of the individual at time t, t is an AR(1) error term and t is white

noise.

The process for potential nursing home costs is taken from Luo (2006). Each period the

representative individual has a certain probability of incurring nursing home admission. s
i
t

denotes if the individual is under nursing home services. Let sit 2 f0; 1g be a binary variable

which takes value 1 in the case of nursing home admission at time t.

s
i
t =

8
>><

>>:

1; with probability (t; hit; Z
i
t)

0; with probability (1 (t; hit; Zit))
(2.15)

where hit is a discrete variable which represents the individualís health status. h
i
t 2 fgood; fair; poorg

follows a Markov process.

The probability of nursing home admission is assumed to be a function of the individualís

age, health status and personal characteristics, and subject to the logistic distribution:

prob(sit = 1) =
exp(#0xit)

1 + exp(#0xit)
(2.16)

Where prob(sit = 1) is (t; h
i
t; Z

i
t), # is a vector of estimated coe¢cients and x

i
t is the vector

of independent variables.

Luo (2006) runs a regression to calibrate nursing home cost D(t; Zit): She Önds that the lenght
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of nursing home stay conditional on entry does not depend on age, health status or personal

characteristics. Following Luo (2006), we assume that a nursing home admission implies an

expected cost based on the average length of stay in a year, which is 6.37 months. This cost is

then calculated following Palumbo(1999):

D = (1 n)n(cac + cnh) + n

n

2


(cac + cnh)MedicareBenefit (2.17)

Where D is the total cost sustained in year t, n denotes the fraction of the year spent in a

nursing home, cac is the average cost of one year of acute care received in a nursing home, cnh

is the average cost of one year of nursing home care. We assume that the individuals do not

receive MedicareBenefit.

2.2.5 The Individualís Optimization Problem

In order to take into account the di§erent sources of uncertainty, we split the individualís eco-

nomic problem into three time periods: the after retirement period t = f66; : : : ; 95g; the last

working year t = 65 and the working period t = f30; : : : ; 64g. We solve it recursively, under the

assumption that A96 = 0.

For the age t = f66; : : : ; 95g, the individual faces longevity and health uncertainty. The

individualís recursive problem can be written as:

V
i
t (A

i
t; 

i
t1; h

i
t1) = max

Cit


u(Cit) + Q

i
t+1EtV

i
t+1(A

i
t+1; 

i
t; h

i
t)


(2.18)

subject to

A
i
t+1 = (1 + r)  (A

i
t  C

i
t M

i
t ) (2.19)

0  C
i
t  A

i
t and A

i
96 = 0 (2.20)
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where V it (A
i
t; 

i
t1; h

i
t1) is period t maximum expected utility for individual i. The state

variables hit1 and 
i
t1 are respectively individual iís period (t  1) health status and period

(t  1) out-of-pocket shock. Ait 2 fAi;min; :::; Ai;maxg is period t individual beginning-of-period

wealth. M
i
t is the current period medical expenses. Q

i
t+1is the probability of survival from

period zero until period (t+1) and r is the interest rate. We impose a non-borrowing constraint,

according to which the individualís current consumption cannot exceed the current available

wealth.

In the last working year t = 65 there are no medical expenses. We assume that after retire-

ment income does not depend on earnings in the last working year. Therefore, the permanent

component of the labor income does not a§ect the value function in the next period. The level

of assets is the only state variable

V
i
t (A

i
t) = max

Cit


u(Cit) + Q

i
t+1EtV

i
t+1(A

i
t+1; 

i
t; h

i
t)


(2.21)

subject to

A
i
t+1 = (1 + r)  (A

i
t  C

i
t) (2.22)

0  C
i
t  A

i
t (2.23)

For t = f30; : : : ; 64g, the individual faces longevity and earning uncertainty. The state

variables are Ait and v
i
t1, where v

i
t1 is period (t  1) permanent random component of the

individualís labor earning.

The Bellman equation for the dynamic problem associated with the individualís choice prob-

lem is given by:
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V
i
t (A

i
t; v

i
t1) = max

Cit


u(Cit) + Q

i
t+1EtV

i
t+1(A

i
t+1; v

i
t)


(2.24)

subject to

A
i
t+1 = (1 + r)  (A

i
t  C

i
t) + Y

i
t (2.25)

0  C
i
t  A

i
t (2.26)

2.2.6 The Familyís Optimization Problem

We split the familyís economic problem into three time periods: after retirement t = f66; : : : ; 95g,

the last working year t = 65 and the working period t = f30; : : : ; 64g. We solve it recursively,

under the assumption that A96 = 0.

For the age t = f66; : : : ; 95g, the familyís recursive problem can be written as:

V
f
t (A

f
t ; 

f1
t1; 

f2
t1; h

f1
t1; h

f2
t1) = max

Cft

fu(Cft ) (2.27)

+Qf1t+1Q
f2
t+1EtV

f
t+1(A

f
t+1; 

f1
t ; 

f2
t ; h

f1
t ; h

f2
t )

+Qf1t+1(1Q
f2
t+1)EtV

f1
t+1(A

f
t+1; 

f1
t ; h

f1
t )

+Qf2t+1(1Q
f1
t+1)EtV

f2
t+1(A

f
t+1; 

f2
t ; h

f2
t )g

subject to

A
f
t+1 = (1 + r)  (A

f
t  C

f
t M

f1
t Mf2

t ) (2.28)

0  C
f
t  A

f
t and A

f
96 = 0 (2.29)
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where V ft (A
f
t ; 

f1
t1; 

f2
t1; h

f1
t1; h

f2
t1) is the period t maximum expected weighted utility of

the two family members and V fit (A
f
t ; 

fi
t1; h

fi
t1) for i = 1; 2 is the maximum expected utility of

family member i if he or she survives alone until period t and is obtained from equation (2.3).

We introduce the parameter  in order to take into account the economies of shared living.

In the last working year t = 65 there are no medical expenses and the permanent component

of the labor income does not a§ect the value function in the next period. Therefore the level of

assets is the only state variable.

V
f
t (A

f
t ) = max

Cft

fu(Cft ) (2.30)

+Qf1t+1Q
f2
t+1EtV

f
t+1(A

f
t+1; 

f1
t ; 

f2
t ; h

f1
t ; h

f2
t )

+Qf1t+1(1Q
f2
t+1)EtV

f1
t+1(A

f
t+1; 

f1
t ; h

f1
t )

+Qf2t+1(1Q
f1
t+1)EtV

f2
t+1(A

f
t+1; 

f2
t ; h

f2
t )g

subject to

A
f
t+1 = (1 + r)  (A

f
t  C

f
t ) (2.31)

0  C
f
t  A

f
t (2.32)

For the age t = f30; : : : ; 64g, each family member faces life span and earning uncertainty. Let

S
f
t = (A

f
t ; v

f1
t1; v

f2
t1) denote the state vector of family f at age t, where A

f
t 2 fA

f;min
; :::; A

f;maxg

is the family beginning-of-period wealth, vfit1 for i = f1; 2g period (t  1) permanent random

component of each familyís member labor earning and period (t 1) health shock.

The Bellman equation for the dynamic problem associated with the familyís choice problem

is given by:
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V
f
t (A

f
t ; v

f1
t1; v

f2
t1) = max

Cit

fu(Cit) (2.33)

+Qf1t+1Q
f2
t+1EtV

f
t+1(A

f
t+1; v

f1
t ; v

f2
t )

+Qf1t+1(1Q
f2
t+1)EtV

f1
t+1(A

f
t+1; v

f1
t )

+Qf2t+1(1Q
f1
t+1)EtV

f2
t+1(A

f
t+1; v

f2
t )g

subject to

A
f
t+1 = (1 + r)  (A

f
t  C

f
t ) + Y

f1
t + Y f2t (2.34)

0  C
f
t  A

f
t (2.35)

2.3 Gain From Marriage

The gain from marriage is measured as the percentage increase in the single individualís initial

wealth that is required to make her as well o§ as if she were a member of a family. The

welfare calculations are done in the form of consumption-equivalent variations: for each rule

chosen respectively by the single individual and by the married individual we determine the

constant consumption stream that makes the individual as well o§ in expected utility terms as

the consumption stream that can be Önanced by the consumption rule.

For the single individual, we Örst solve the optimal consumption problem, denoting the

optimal consumption stream by fCRt g95t=30. The subscript R indexes the individual optimal

consumption rule followed. The expected lifetime utility from implementing fCRt g95t=30 is as

follows:
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V
R = E

95X

t=30


t30

0

@
t2Y

j=0

Q
i
j

1

A (CRt )
1

1 
(2.36)

V
R represents the maximal lifetime utility for an individual who uses the consumption rule

fCRt g95t=30 throughout her life. We can then compute the equivalent consumption stream EC
R 

fCRg95t=30 that leaves the individual indi§erent between EC
R and between the consumption

stream attained from implementing the consumption rule fCRt g95t=30.

V
R = E

95X

t=30


t30

0

@
t2Y

j=0

Q
i
j

1

A (C
R
)1

1 
(2.37)

By comparing the last two equations, we obtain:

C
R
=

2

6666664

(1 )V R

95X

t=30


t30

0

@
t2Y

j=0

Q
i
j

1

A

3

7777775

1
1

(2.38)

We proceed analogously in the case of the family. We Örst calculate the optimal family

consumption rule fCf;Rt g95t=30 and the associated expected lifetime utility from implementing

the rule. We then obtain the equivalent consumption stream EC
f;R  fCf;Rg95t=30 that leaves

the married individual indi§erent between ECf;R and the consumption stream attained from

implementing the consumption rule fCf;Rt g95t=30.

The gain from marriage for each individual i is computed as the percentage gain in equivalent

consumption when choosing to get married and adopting the consumption rule fCf;Rt g95t=30 rather

than staying single and adopting the consumption rule fCRt g95t=30.

Gain frommarriage =
C
f;R  CR

C
R

=
(V f;R)

1
1  (V R)

1
1
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(2.39)
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2.4 Numerical Solution

The dynamic programming problem is solved by iterating on the value function. For the retired

single individual, the state space is composed of four variables. These are age t, asset A, out-

of-pocket medical expenses , health status h. For the retired couple the state space involves

six variables: age t, family asset A, each family memberís out-of-pocket medical expenses  and

health status h. We ëdiscretizeí the state space. We construct an equally spaced 20-point grid for

the assets, a 10-point grid for each individualís out-of-pocket medical expenses and a 3-point grid

for each individualís health status. We approximate the density function for the innovation to the

out-of-pocket medical expenditure using gaussian quadrature methods. The transition matrix

for the health shock is taken from Luo (2006). For the working single individual the state space

is composed by three variables: age t; asset A, permanent component of the labor income v. For

the working couple the state space is composed of four variables: age t, family asset A and each

family memberís permanent component of the labor income v. The density function for both

innovations to each individualís labor income process is approximated using gaussian quadrature

to perform the numerical integration. We assume that husband and wife labor income shocks

are uncorrelated. The model is solved using backward induction. We start at age T , assumed to

be 95, and we compute the value function for the single individual V iT (A
i
T ; 

i
T ; h

i
T ) and for the

couple V fT (A
f
T ; 

f1
T ; 

f2
T ; h

f1
T ; h

f2
T ) associated with all the possible states in the discretized set. We

move backward and solve for the decision rule for the assets, and hence for consumption, in all

the periods, starting from age 30.

2.5 Calibration

2.5.1 Parameters

This section summarizes how we calibrate the model to the U.S. economy 2

2Even though the product between  and (1 + r) is greater than 1, the Euler inequality (1 + r)u
0(ct+1)

u0(ct)
 1 is

satisÖed.
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Table 2.1: Calibrated Parameters

Description Parameter Value
Discount factor  0.96
Risk aversion  2
Coe¢cient for economies of shared livine  1
Interest rate r 0.065
Riskfree Rate RF 2%
Di§erential weight applied to family member f2 utility  1

Table 2.1 shows the key parameters used in our experiments.

2.5.2 Survival Probabilities

The survival probabilities are the male and female survival rates reported in the Social Security

Administration Actuarial Study No.116 for the year 1999.

2.5.3 Labor Income Process

The labor income process analyzed is described in Gomes, Kotliko§, and Viceira (2007). Their

analysis is based on Cocco, Gomes and Maenhout (2005), who estimate age proÖles for three

di§erent education groups: households without high school education, household with high school

education and college graduates. In our baseline simulations, we take the weighted average of the

three. The values of 2u and 
2
" are 10.95% and 13.89% respectively. In simulating the marriage

gain for di§erent education levels we use the three distinct processes described in Cocco, Gomes

and Maenhout (2005). The probability of a large negative income shock  equals 2%.

2.5.4 Medical Expenses

The process for out-of-pocket medical expenses for the retired individual is taken from Scholz,

Seshandri, and Khitatrakun (2006). They estimate age proÖles for two di§erent education groups,

with and without college degree. In the baseline case we take the weighted average of the two.

The values of  and 2# are respectively 0.838 and 0.5635. In our simulations of the marriage
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gain by education level we use the two distinct processes. The process for nursing home expenses

is taken from Luo (2006). The probability of nursing home admission (t; hit; Z
i
t) results from a

logistic regression of nursing home admission. The health transition matrix is given by:

Tk;j =

0

BBBBBB@

0:823 0:142 0:035

0:327 0:486 0:187

0:13 0:296 0:574

1

CCCCCCA

Where k = 1; 2; 3 represents hit1 = good, hit1 = fair, hit1 = poor respectively and j =

1; 2; 3 represents hit = good, hit = fair, hit = poor respectively.

Rivlin and Wiener (1988) estimated the average daily nursing home costs and the average

monthly acute care expenses and obtain cac and cnh to be equal to $14,381 and $616.

2.6 Results

This section presents the results. Table 2.2 has six panels, each of which shows the marriage gain

at di§erent ages. In particular, Panel A reports the gain from marriage in the baseline scenario.

In Panel B we assume that both family members have identical survival probabilities. Panel C

and Panel D consider changes in the volatility to shocks respectively to permanent labor income

and to out-of-pocket medical expenses. Panel E shows the marriage gain for women and men.

Panel F presents the marriage gain when the wife is Öve years older than her husband.

Panel A presents the baseline results. The labor income process and the out-of-pocket med-

ical expenditure process are a weighted average of the processes estimated respectively by Cocco,

Gomes, and Maenhout (2005) and Scholz, Seshandri, and Khitatrakun (2006). The single indi-

vidualís survival probabilities Qit+1 in equations (2.18), (2.21), (2.24) are a weighted average of

the male and female survival probabilities. The gain from marriage curve exhibits an inverted

hump-shaped pattern, with two humps. Starting from a value equal to 14.49% at age 30, it grows

until age 45, when it falls until age 65. It increases again and reaches a peak at age 75. The
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Örst hump reáects the risk-sharing opportunities provided by marriage against earning uncer-

tainty, the second hump shows the risk-sharing opportunities o§ered against uncertain medical

expenses. Along the entire length of life the individuals face longevity uncertainty and the death-

risk-pooling opportunities can be quite important, especially at old ages. As a matter the fact,

as one becomes older, the uncertainty about the date of death is much greater. The baseline

analysis shows that for 45-year-old representative individual pooling risks through marriage is

equivalent to about a 30% increase in her consumption than if stayed single. For a 75-year-old

the marriage gain is equivalent to increasing oneís consumption by about 20%.

Panel B reports the results when we assume that both family members have identical survival

probabilities. The results are close to the baseline case; however the marriage gain is slightly

higher when both family members have male survival probabilities than when they have female

survival probabilities. The di§erence in the gains between these two cases is particularly relevant

at the end of the individualsí life, given that male survival probabilities are lower than female.

Panel C shows the marriage gain as we vary the volatility to shocks to permanent income u.

With an increase in the volatility to these shocks, each period earning becomes more uncertain

and therefore the risk-sharing opportunities provided by marriage are more relevant. A 45-year-

old representative individual can increase her consumption by an amount equivalent to 41% than

if she stayed single. This corresponds to about a 13% higher gain than in the baseline scenario.

Panel D shows the marriage gain when we vary the volatility of shocks to out-of-pocket med-

ical expenses. Symmetrical to the previous case, an increase in the volatility of these shocks

makes the after-retirement cash on hand more uncertain and increases the after-retirement mar-

riage gain. In particular, a 75-year-old representative individual has a marriage gain equal to

26.94% when  equals 0.865, which is about 6% higher than in the baseline case.

Gender is another relevant variable. Panel E reports the marriage gain respectively for

men and women. We assume the baseline labor income and out-of-pocket medical expenses
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processes. However, the single survival probabilities Qit+1 for t = 30; : : : ; 95, in equations (2.18),

(2.21), (2.24) are now the male survival probabilities in the former case and the female survival

probabilities in the latter. Under our assumption of equal age family members, the wife has a

marriage gain higher than the husband does at each age. As a matter the fact, marrying an

individual with a higher survival rate (the wife) to one with a lower survival rate (the husband)

and assuming an equal consumption (equal weighting) marriage contract, would leave the former

slightly better o§ and the latter slightly worse o§ than in the baseline case. The di§erence

between male and female marriage gain, even though present at young ages, is particularly

important at the end of life, as the husband is much more likely to die and bequest Örst. The

risk-pooling opportunities through marriage guarantee the 30-year-old wife a 20.96% increase and

the 30-year-old husband a 7.32% increase of their respective consumption than if they stayed

single. For a 75-year-old woman the marriage gain is 58.24%, while the husband faces a loss of

9.71%.

Panel F shows the marriage gain for each spouse under the assumption that the wife is Öve

years older than the husband. We assume the baseline labor income and out-of-pocket medical

expenses processes. In addition, we assume that both spouses work for 35 years and then they

retire. In this case, the husband faces a positive and signiÖcant after-retirement marriage gain.

The wifeís marriage gain decreases with respect to the baseline female gain, but it is still positive.

In addition, the two spousesí gains are closer to each other and therefore both spousesí incentive

to leave the marriage contract declines.

2.6.1 The Gain From Marriage by Gender and Education

Our model allows us to calculate the gain from marriage according to the spouseís gender and

education. In simulating the marriage gain for di§erent education groups, we use the labor

income and the out-of-pocket medical expenses processes as estimated respectively by Cocco,
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Table 2.2: Gain From Marriage for the Representative Individual

Age
30 45 60 75 90

A.Baseline 14.49% 28.68% 23.85% 20.77% 2.48%

B.Identical Survival Probabilities
Male Survival Probabilities 14.55% 28.31% 22.66% 37.47% 12.57%
Female Survival Probabilities 12.49% 24.49% 19.12% 19.08% 6.8%

C. Labor Shocks
u=13% 19.75% 41.55% 25.11% 17.4% 1.21%
u=7% 10.54% 18.37% 22.87% 28.93% 5.12%

D. Health Shocks

2
&=0.865 15.08% 28.68% 24.1% 26.94% 2.85%

2
&=0.26 14.49% 28.67% 23.72% 15.64% 1.92%

E. Gender
Female (Baseline) 20.96% 37.64% 37.92% 58.24% 29.11%
Male (Baseline) 7.32% 17.81% 7.19% -9.71% -25.62%

F. Di§erent Age
Female, 5 years older than her husband 16.04% 29% 25.41% 23.41% 3.22%
Male, 5 years younger than his wife 10.17% 21.88% 14.79% 16.17% 11.35%
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Gomes and Maenhout (2005) and by Scholz, Seshandri, and Khitatrakun (2006). When the

gender is taken into consideration, we use distinct survival probabilities in equations (2.18),

(2.21), and (2.24).

Our results can be useful in explaining the existing schooling homogamy among college grad-

uates (i.e., the correlation between the wifeís and the husbandís schooling), even though for each

individual, regardless of her education level and gender, the best partner is a college graduate. In

fact, college graduates have the highest potential earnings and lowest potential medical expendi-

ture. There is a vast literature on marriage and assertive mating, but we limit the review to two

recent papers that deal speciÖcally with schooling homogamy. U.S. Census and Current Popu-

lation Survey (CPS) data are exploited in both of them. Mare (1991) analyzes the probability

that spouse education levels di§er at various education levels using a ìcrossing modelî. He Önds

that between the 1930s and the 1970s the association between spousesí schooling grew, while in

the 1980s it was stable or decreased He motivated this trend as a consequence of the time gap

between marriage and schooling. During the period 1930-1960, the gap decreased following a

decline in age for Örst marriage and an increase in educational attainment. On the other side, it

increased in the 1970s and 1980s because of an increase in age at marriage. Mare observes that

highly educated individuals are likely to marry individuals with the same schooling level. Unlike

Mare, Pencavel (1998) Önds an increase in schooling homogamy during the period 1960-1990.

He explains this di§erent result considering the availability of data from the 1990 Census. He

attributes his Önding to the increase in labor force participation of wives. In an assortative

mating framework, this could lead to an increased emphasis placed by the husband on the wifeís

potential earnings, and therefore on her education.

In particular, we Önd that each individual, regardless of her educational level and gender,

obtains a higher marriage gain from marrying a more educated individual and a lower marriage

gain from marrying a less educated individual than in the baseline case. The greater the di§erence
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in the level of education of the two spouses, the greater the marriage gain for the less educated

spouse while the lower the gain for the more educated one. On the other side, by marrying an

ëeducationally homogamousí individual, one obtains a gain close to the baseline gain. As follows,

we report two examples. The Örst considers a marriage between a female without high school

education and a college graduate. The second considers the marriage between a female college

graduate and a male without high school education. Our results show that in both cases the

college graduate would be better o§ from marring an ëeducationally homogomousí individual.

A 30-year-old female without high school education has a marriage gain of 43.71% by mar-

rying a college graduate. On the other side, a 30-year-old male college graduate faces a loss of

about 4% by marrying a woman without high-school education. Therefore, the model predicts

that a 30-year-old male college graduate is more likely to look for a wife with the same education

level, which guarantees him an increase in his consumption by about 7% than if he stayed single.

A 30-year-old man without high school education has a marriage gain of about 30% from

marrying a college graduate, which is 22% higher than the male baseline gain. However a female

college graduate has a marriage gain of 8.51%, which is 12% lower than the baseline female

gain. The woman is signiÖcantly better o§ when marrying a college graduate, in which case the

marriage gain is about 21%.

We also Önd that, at young ages, the gap between the lowest marriage gain, which the spouse

obtains from marrying a less educated person, and the highest gain, which is obtained from

marrying a more educated one, is quite relevant. In particular, at age 30, it is in the range

10-20% for both men and women and reáects the expectations of the spouseís future earnings.

However, as individuals age, the gap decreases signiÖcantly and for 75-year-old individuals is in

the range between 5 and 10%.

Table 2.3 shows that women experience the highest marriage gain at the end of their life. It

is about 55%, 50% and 40% respectively for a 75-year-old without high school education, with
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Table 2.3: Gain for Women for Di§erent Education Level

Age
30 45 60 75 90

Female without High School
Husband without High School 25.95% 39.07% 37.23% 61.73% 30.58%
Husband with High School 30.31% 43.35% 39.1% 62.43% 30.93%
Husband with College 43.71% 52.77% 45.84% 87.78% 53.94%

Female with High School
Husband without High School 18.26% 31.47% 35.00% 60.16% 29.06%
Husband with High School 22.11% 35.3% 36.80% 60.85% 29.47%
Husband with College 34.38% 43.94% 43.01% 68.92% 30.70%

Female with College
Husband without High School 8.51% 26.25% 29.19% 44.45% 24.17%
Husband with High School 11.76% 29.70% 31.12% 44.96% 24.52%
Husband with College 20.78% 37.63% 36.44% 49.71% 25.54%

high-school education and with college education. This important marriage gain for a female

reáects, not just the risk-sharing opportunities against uncertain medical expenses, but mostly

the death-risk-sharing opportunities. The husbandís promise to leave his possessions to the wife

together with the two spousesí shared accumulated assets act as a kind of insurance policy. In

particular, the agreement to share until death and bequeath future support acts as an annuity.

This allows the wife to increase her consumption than if she stayed single. On the other side, for

75-old-year men without college education the marriage gain is close to zero, while male college

graduates face a loss of about 20%, regardless of their wivesí education level. Every 90-year-old

man faces a marriage loss. Given the expectation of dying before his partner, the man would be

better o§ to consume at a faster rate at the end of his life. However, when participating in an

equal weighted marriage contract the man is forced to consume at a slower rate than the optimal

one and this decreases his end-of-life utility.
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Table 2.4: Gain for Men for Di§erent Education Level

Age
30 45 60 75 90

Male without High School
Wife without High School 12.85% 19.61% 6.87% -3.67% -23.44%
Wife with High School 16.82% 23.42% 8.42% -1.18% -23.19%
Wife with College 29.2% 31.83% 13.71% 1.85% -22.48%

Male with High School
Wife without High School 6% 12.4% 2.32% -11.5% -27.44%
Wife with High School 9.49% 15.86% 6.29% -4.66% -23.92%
Wife with College 20.85% 23.54% 11.39% 0.29% -23.20%

Male with College
Wife without High School -4.02% 7.81% 0.47% -22.39% -30.89%
Wife with High School -1% 10.87% 1.81% -22.12% -30.7%
Wife with College 7.10% 17.89% 6.43% -20.21% -30.64%

2.7 The Economies of Shared Living

The needs of a household grow with each additional member, but, because of economies of scale

in consumption, not in a proportional way. Needs for electricity, housing space, etc. will not be

two times as high for a family with two members as for a single person. Equivalence scales are

used to assign each household type in the population a value in proportion to its needs. The

most commonly used scales are the following. The OECD equivalence scale assigns a value of

1 to the Örst household member, of 0.7 to each additional adult, and 0.5 to each child. The

OECD-modiÖed equivalence scale assigns a value of 1 to the head of the household, of 0.5 to

each additional adult member, and 0.3 to each child. The Square root scale divides household

income by the square root of the household size. There is no generally accepted method for

determining equivalence scales and the choice of a particular equivalence scale is a function of

technical assumptions about economies of scale in consumption. In our model, the economies of

shared living are introduced by multiplying the two family membersí joint consumption by the

parameter . In the baseline scenario,  equals 1, which implies that the needs of a household
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Table 2.5: Gain From Marriage and Economies of Shared Living

Age
30 45 60 75 90

 =1.25 39.80% 55.72% 47.61% 33.17% 17.83%
 =1.4 54.34% 70.65% 69.43% 38.13% 26.99%
 =1.5 63.98% 81.1% 69.31% 43.75% 32.81%
 =1.75 87.14% 104% 88.62% 52.39% 49.78%

grows with each additional members in a proportional way. That is, two family members have

double the needs of a single individual. At the other extreme, if two people can live as cheap

as one individual, then the parameter  takes value 2. Since there is no generally accepted

equivalence scale, we consider the marriage gain when the parameter  takes the intermediate

values 1.25, 1.4, 1.5, and 1.75. All the other variables are as in the baseline scenario.

Table 2.5 reports the marriage gain for di§erent values of . As  increases, the marriage

gain increases proportionally.

2.8 Conclusion

This paper provides a quantitative analysis of the economic gain from marriage. We present the

family as an institution which provides risk-pooling opportunities against three main uninsurable

risks: the risk of death, the risk of job loss, and the risk of health expenditure. We show that the

risk-sharing advantage from marriage is associated with the speciÖc characteristics of the spouse.

The opportunity of pooling risks through marriage acts not only as a kind of insurance policy

but also as an incentive for college graduates to marry ëschooling homogamousí individuals. In

general, any individual, regardless of her gender and education, obtains the highest increase in

her consumption from marrying a highly educated individual. This results from the fact that the

education level signiÖcantly a§ects the labor income process and the medical expenses process

and, therefore, indirectly a§ects the marriage gain. We assume that the two family membersí
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labor income processes are uncorrelated. A more realistic model should take into account the

possibility of correlation between the spousesí permanent labor income shocks.

Our main goal is to simulate the marriage gain as a result of the risk-sharing opportunities

provided by the institution of the family. Therefore, in our study we do not take into account

the economies of shared living until the last paragraph. Our main Önding is that risk-sharing op-

portunities can be quite important, even though the economies of shared living are the dominant

factors in determining the gain from marriage.

Our model presents two main limitations. Firstly, it simulates the marriage gain in absence of

private and public insurance markets. The Social Security System, Medicare, other welfare pro-

grams, and private insurance markets can signiÖcantly reduce the economic incentive for family

formation. Secondly, we abstract from the study of the e§ect of the US di§erent tax treatment

toward married and single individuals on the gain from marriage. Tax bonuses, calculated as the

di§erence between the income tax that a couple pays and the amount that the single individual

pays, undoubtedly increase the marriage gain. Both of these mechanisms are left to further

research. Even with these limitations, this paper provides strong support for the life-cycle model

as a good tool for the simulation of the marriage gain at di§erent ages. More importantly, it

shows that family insurance is particularly signiÖcant, even in small families.
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Chapter 3

Does it Pay to Pay O§ Your Mortgage?

3.1 Introduction

Many retirees enter their retirement with a mortgage. SpeciÖcally, according to the 2005 Health

and Retirement Study (HRS), about one in four retirees has a mortgage. Moreover, nearly one

third of the U.S. retirees with mortgage have enough Önancial resources to pay o§ their mortgage.

This paper addresses the question of whether a retiree should use her Önancial resources to

pay o§ her mortgage or should keep the mortgage and invest. The mortgage payo§ dilemma

is ordinary and complicated at the same time. It is ordinary, because one in four American

retirees faces the tradeo§ between paying an extra dollar o§ the outstanding mortgage and

investing that extra dollar by participating in Önancial markets. It is complicated because

involves Önancial considerations of uncertainty in ináation and return on risky assets, borrowing

constraints, taxation, risk aversion and evaluation of alternative investments.

The decision to pay o§ a mortgage involves a cost-beneÖt analysis. The cost of a mortgage

is equal to the interest that the retiree pays on the mortgage debt, which equals the return on

the riskfree asset plus a premium to compensate the lender for the risk of default. The beneÖt of

keeping a mortgage is the expected return on alternative investments, namely stocks and bonds.

The return on riskfree assets is lower than the cost of a mortgage, while the expected return on

risky assets exceeds the cost of a mortgage. If the total expected return on other investments

is lower than the cost of a mortgage, the retiree is better o§ prepaying the mortgage. The

optimal decision about other investments depends on the initial level of Önancial assets and on

risk aversion.
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Figure 31: Ináation from 1992 to 2009

Moreover, when considering whether to pay o§ a mortgage, the retiree should evaluate the

riskiness associated with the future real value of debt and investments. Figure 3.1 shows the

ináation rate between year 1992 and 2009. Focusing on the recent years, we note that in mid-

2002, after experiencing a low of just over one percentage point (1.07%), the ináation rate started

rising, indicating that the disináationary period had ended. SpeciÖcally, the ináation rate began

a six year upward trend, with an increase in consumer prices mainly due to the increase in

monetary supply. Then, a rise in the prices of food, energy and oil drove the ináation rate up

to a peak of 5.6% in mid-2008. However, at the end of 2008, the oil bubble bursts and prices

deáated to a level equal to the previous low of 1.07%. In January 2009, the annual ináation rate

was 0.03%. Given these áuctuations in ináation, one important question is how the ináationary

risk a§ects homeownerís decision to pay o§ her mortgage.

A fall in ináation boosts retireesí real incomes. However, falling prices make debt more

expensive. In turn, ináation reduces the real cost of mortgage debt. Therefore, retirees that



80

prepay their mortgage eliminate the ináationary risk associated with the uncertainty of the real

value of future mortgage payments.

In this paper, we consider homeowners that enter their retirement with a di§erent level of

outstanding mortgage debt, Önancial assets and aversion to risk. These homeowners have enough

Önancial assets to pay o§ their mortgage. The goals of this paper are the following. First, to

Önd the characteristics of a homeowner that beneÖts from paying o§ her mortgage. Second, to

evaluate how portfolio composition changes when a homeowner chooses to pay o§ her mortgage

compared to when she keeps her mortgage. Third, to evaluate the relation between ináationary

risk and the homeowner mortgage payo§ decision.

In this paper, we build a dynamic model of optimal consumption and portfolio choice in

retirement. The retiree makes her portfolio and consumption choices in an environment with

stochastic ináation and stochastic return on a risky asset. The retiree can choose to keep the

mortgage and invest or to pay o§ the mortgage. After comparing these two choices, we calculate

the welfare gains from prepayment.

We Önd that those homeowners with more initial wealth are better o§ from prepaying their

mortgage, whereas those with less initial wealth are worse o§ prepaying. The welfare gains to the

wealthy can run as high as 4 percent of their initial assets. These gains reáect the fact that the

nominal mortgage interest rate exceeds the nominal return rate one can earn on safe assets. This

holds for those with low initial wealth, but such homeowners are typically liquidity constrained,

so paying o§ a mortgage comes at cost of less consumption smoothing. Moreover, by paying

o§ a mortgage, the homeowners eliminate the ináationary risk, namely the risk associated with

future uncertainty over their real mortgage repayments. We also show that more risk averse

homeowners tend to tilt their portfolio towards safe assets. For them, the expected return from

their investments decreases and the welfare gain from paying o§ a mortgage increases. Our

results are supported by empirical evidence. An analysis of the HRS retirees shows that less



81

wealthy retirees, with few years before loan termination, never choose to prepay their debt. On

the other hand, the wealthiest retirees, with many years before loan termination, often choose

to prepay the debt.

This paper is organized as following. In section 2, we present the related literature. In section

3, we describe the model. In section 4, we describe the results. In section 5, we compare my

results with the HRS data. This comparison provides evidence of the strengths and limitations

of the model. Section 6 concludes.

3.2 Literature review

There is a vast academic literature on housing and on portfolio and mortgage choice. Gomes, Kot-

liko§, and Viceira (2008) study optimal consumption, asset accumulation, and portfolio decisions

in a life-cycle model with a áexible labor supply and calculate the welfare costs of constraining

portfolio allocations over the life cycle. Campbell and Cocco (2003) study household decision

between a Öxed-rate (FRM) and an adjustable-rate (ARM) mortgage using a life-cycle model

that features stochastic ináation and a stochastic interest rate. They Önd that a nominal FRM

has a risky real capital, while an ARM has a stable real capital value but short term variabil-

ity in required real payments. Cocco (2005) studies the portfolio choice including housing. He

Önds that investment in housing plays an important role in explaining the cross-sectional change

in the composition of wealth and the level of stockholdings observed in the data. Gomes and

Michaelides (2005) build a life-cycle model with realistically calibrated uninsurable labor income

risk and moderate risk aversion which simultaneously matches stock market participation rates

and asset allocation decisions conditional on participation. Their model features Epstein-Zin

preferences, a Öxed stock market entry cost, and moderate heterogeneity in risk aversion. Cocco,

Gomes and Maenhout (2005) build a realistically calibrated life cycle model of consumption and

portfolio choice with non-tradable labor income and borrowing constraints. Since labor income

substitutes for riskless asset holdings, the optimal share invested in equities is roughly decreas-
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ing over a lifetime. Flavin and Yamashita (2002) focus on the impact of the portfolio constraint

imposed by the consumption demand for housing, called "the housing constraint," on the house-

holdís optimal holdings of Önancial assets. Yao and Zhang (2005) examine the optimal dynamic

portfolio decisions for investors who acquire housing services from either renting or owning a

house. They show that when investors are indi§erent between owning and renting, they choose

di§erent portfolio allocation when owning a house versus when renting a house. Investors, who

own a house, hold a lower equity proportion in their net worth (bonds, stocks, and home equity),

reáecting the substitution e§ect of home equity for risky stocks. However, when owning, investors

hold a higher equity proportion in their liquid portfolios (bonds and stocks). This reáects the

diversiÖcation beneÖt a§orded the homeowners who can use home equity to bu§er Önancial and

labor-income risks. Koijen, Hemert, and Nieuwerburgh (2007) show that the bond risk premium

a§ects mortgage choice. Namely, if the bond risk premium is high, Öxed-rate mortgage payments

are high and, therefore, the adjustable-rate mortgage is more appealing. They conÖrm this fact

empirically. Gomes, Kotliko§, and Viceira (2007) build a life cycle model with earnings, lifespan,

investment return, and future policy uncertainty to measures the excess burden from delayed

resolution of policy uncertainty. The uncertain policies concern the level of future Social Security

beneÖts and the marginal tax rate. Green and Shoven (1986) analyze the e§ects of interest rates

on mortgage prepayments. They show that the cash áow from the Öxed interest rate mortgages

is constant, if the mortgage is not prepaid. An increase in the interest rate generates nominal

capital gains for the homeowner and, therefore, she is less likely to prepay.

This paper builds also on the literature on optimal asset allocation choice that takes into

account the tradeo§ between savings in taxable versus tax-deferred accounts (TDA). Amromin,

Huang, and Sialm (2007) show that it can become a tax arbitrage to decrease mortgage pre-

payment and augment TDA contributions due to the tax deductibility of mortgage interest and

tax-exemption of qualiÖed retirement savings. Poterba, Shoven, and Sialm (2000) compare two
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asset location strategies for retirement savers by using data on actual returns on taxable bonds,

tax-exempt bonds, and a small sample of equity mutual funds over the 1962-1998 period. Poterba

(2002) describes how taxation ináuences household decisions about portfolio structure and asset

trading.

We extend the current literature by investigating the optimal consumption, asset allocation

and portfolio decision when households choose to prepay their mortgage and when they keep

their mortgage and invest. We also compute the welfare gains from paying o§ the mortgage.

3.3 The model

3.3.1 Preferences

We model the after-retirement consumption and Önancial asset choices of a homeowner who lives

until period T , with T equal to 95. In each period t, t = 62; :::; T , the homeowner chooses real

consumption of all goods other than housing, Ct. We assume preference separability between

housing and consumption. Since we do not allow the homeowner to move out of her house, the

utility from housing services is constant and we can omit housing from the objective function.

After time T , the homeowner bequests her terminal wealth, WT+1. Preferences are described by

Uit(Cit) = Et

TX

t=0


tC

1
it

1 
+ T+1

W
1
it

1 
(3.1)

where  is the time discount factor,  is the coe¢cient of relative risk aversion.

3.3.2 Ináation

Homeowners make their consumption and Önancial assets decisions in an environment character-

ized by stochastic ináation. As in Campbell and Cocco (2003), the nominal price level at time

t is Pt. Lowercase letters denote log variables, therefore pt = log(Pt) and the log ináation rate

is t = pt+1  pt. We do not consider one-period uncertainty in realized ináation, therefore the

expected ináation at time t is equal to the ináation realized from t to t + 1. We assume that
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ináation follows an AR(1) process:

t = (1 ) + t1 + t (3.2)

where t is a normally distributed white noise with mean zero and variance 2 .

3.3.3 Financial assets and credit markets

There are three Önancial assets. The Örst Önancial asset is a riskless asset, called Treasury bills,

with gross real return RF . The second Önancial asset is a risky asset, called stocks, with gross

real return Rt. We follow Cocco (2005), and the log return on the risky assets Rt is assumed to

be:

log(Rt) = R + t (3.3)

where R > 0 is the expected log return and t is the innovation to log returns and is assumed

to be distributed as N(0; 2 ). Bt and St denote the dollar amount that the homeowner has in

bills and stocks at date t, such that

St  0; Bt  0;8t: (3.4)

This implies that the homeowner cannot short-sell any of these Önancial assets. The third

Önancial asset is a mortgage. We assume that any homeowner has a thirty-year mortgage loan,

but we allow homeowners to have di§erent outstanding mortgage loans in the initial period. Each

homeowner can choose to continue her scheduled mortgage payments until loan termination. The

annual real mortgage payment, Mit, is:

Mit =
XMDit +Dit+1

Pt
(3.5)

where Dit is the nominal principal amount of the original loan outstanding at date t, Dit+1 is

the component of the mortgage payment at date t that pays down principal instead of interest.



85

The nominal interest on a mortgage XM is assumed to be equal to the riskfree plus a constant

premium:

XM = RF +  (3.6)

The mortgage premium  includes ináation plus a compensation to the mortgage lender for the

default risk.

In the initial period, each homeowner can choose to pay o§ her mortgage debt. In this case,

the initial mortgage payment is equal to the real value of the outstanding mortgage debt plus

interest. In any following period, the mortgage payments are set equal to zero. After paying

o§ her mortgage, we do not allow the homeowner to borrow against the value of her house and

we do not allow her to reÖnance her mortgage in the future. These simpliÖcations of our model

allow us to focus on the homeownerís decision about her current loan.

3.3.4 The retireeís optimization problem

In each period, the retiree chooses consumption and portfolio composition among liquid assets.

She receives a non-stochastic income Yt, which is the sum of social security, pension and other

retiree beneÖts. The tax code is modeled assuming a linear taxation rule. The retireeís income

is taxed at a constant rate  and mortgage interests are tax deductible at the same rate  .

The date t budget constraint is given by

Wit + Yit(1 ) = Cit + Sit +Bit +Mit  XMDit=Pt (3.7)

Wit is the Önancial wealth and evolves over time according to the following expression:

Wt+1 = RtSit +RFBit Mit + XMDit=Pt (3.8)

Following Epstein and Zin (1989), we consider the following value function:

Vt(Cit) = [C
1
it + EV 1t+1 (Cit+1)]

1
1 (3.9)
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3.4 Solution technique

The model cannot be solved analytically. We use numerical techniques to solve it (Judd, 1998).

Given its Önite horizon, the model can be solved by using backward induction. The state space

involves one continuous state variable, non-housing Önancial wealth Wt, and two discrete state

variables, risky asset return Rt and price level Pt. The control variables are consumption Ct,

the amount invested in the risky asset St, and the amount invested in the safe asset Bt. We

approximate the value function by using a n Chebyshev nodes z and n Chebyshev basis function

T , with n equals to 35.

V̂t =

nX

i=0

aiTi(z) (3.10)

We use Gaussian quadrature methods (Tauchen and Hussey, 1991) to approximate the density

functions for the random variables, namely the innovation to log ináation and to the risky asset

return. In the last period, for each combination of the state variables, we calculate the terminal

wealth. In this terminal period, the utility function coincides with the value function. In each

previous period t = 62:::T  1, the household chooses the amount to invest in risky and safe

assets, and consequently consumption, to maximize the expected lifetime utility for a given state

vector.

3.5 Calibration

In the baseline case the discount rate  is 0.98 and the coe¢cient of relative risk aversion  is 5.

We will consider how changes in the value of parameter  a§ect household portfolio composition

and welfare gains in prepaying the debt.

We divide the sample of HRS retirees according to their house value distribution. We consider

retirees with a house value less than $250,000 in year 2000, who represent about 95% of the

retirees in the sample. We considered two house values, namely $80,000 and $150,000. Consistent

with our data, we assume that all the retirees have closed a thirty-year mortgage contract. In
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Table 3.1: Calibrated Parameters

Description Parameter Value
Discount factor  0.98
Risk aversion  5
House size ($ thousand) H 80, 150
Tax rate  0.20
Riskfree Rate RF 2%
Mean of stock return R 10%
Standard deviation of the log stock return  0.1674
Nominal interest rate on mortgage Xt 7%
Mean log ináation  0.046
Standard deviation of log ináation  0.039
Autoregressive parameter  0.754

this way, we can easily compute the mortgage payment and the outstanding debt at di§erent

ages. The tax rate  is 20%.

Following Cocco (2005), the riskfree rate is 2% per year. The compensation to the mortgage

lender for the default risk is 2%. Therefore, the nominal interest rate on the mortgage Xt is 7%.

The annual mean return on risky assets is 10% and the standard deviation of the log stock return

is 0.1674 (Campbell, Lo, and MacKinlay, 1997). The ináation is calibrated following Campbell

and Cocco (2003), who use consumer price index data from 1962 to 1999 to estimate equation

(2). The mean and the standard deviation of log ináation are 4.6% and 3.9%, and the annual

autoregressive coe¢cient is 0.754. The following table contains the calibrated parameters.

3.6 Results

Some retirees have enough Önancial assets to pay o§ their outstanding mortgage debt. Should

they use their Önancial assets to pay down their mortgage or keep the mortgage and seek a higher

return from other investments? We use our model to provide an answer to this question. We

are particularly interested in the e§ects of mortgage size, ináationary risk and risk aversion on

retiree behavior and welfare. Accordingly, we consider two house values, namely $80,000 and

$150,000 which are expressed in 2000 US dollars. Retirees can have Öve, ten or Öfteen years
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before loan termination. Therefore, the outstanding debt is $12,000, $24,000 or $36,000 for the

$80,000 house value and $25,000, $50,000 and $75,000 for the $150,000 house value. The welfare

gain from paying o§ the mortgage is calculated as a percentage increase in the initial Önancial

assets that generate the same expected lifetime utility when keeping it as when paying it o§

immediately.

The following tables summarize our results. Homeowners with house value of $80,000 and an

outstanding mortgage of $12,000 or $24,000 should pay o§ the mortgage only if their non-housing

Önancial assets exceed $150,000. Furthermore, homeowners with a mortgage of $36,000 should

pay o§ the mortgage only if their non-housing Önancial assets exceed $200,000. Homeowners

with house value of $150,000 and a mortgage of $25,000 or $75,000 should not prepay their

mortgage, regardless of their initial level of non-housing Önancial assets, while homeowners with

a mortgage of $50,000 should pay o§ the mortgage only if their non-housing Önancial assets

exceed $200,000.

When deciding whether to pay o§ her debt, each retiree should compare the borrowing rate

versus the expected return rate. With an average ináation rate equal to 3%, the real interest on

the mortgage is about 4%. The real return on the safe asset is 2%, while the mean return on the

risky asset is 10%. Under the assumption that retirees choose their portfolio allocation optimally,

they would be better o§ prepaying their mortgage if the expected return on other investments

is lower than the real cost of the mortgage. The amount of Önancial resources that each retiree

chooses to invest in risky assets with higher expected return depends on her initial level of non-

housing Önancial assets, future uncertainties and risk aversion. In the baseline case, we show

that less wealthy retirees, who prepay their mortgage, reduce their investments in both risky

and safe assets. The prepayment comes at cost of less consumption smoothing. Instead, if they

keep their mortgage, they can invest optimally in risky and safe assets and smooth consumption

over time. This explains why less wealthy retirees are better o§ by keeping a mortgage. On the
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other hand, more wealthy retirees, who prepay their mortgage, experience welfare gains. In the

baseline scenario, the welfare gains to the wealthy can be as high as 4% of their initial Önancial

assets. These gains reáect the fact that the nominal mortgage interest rate exceeds the nominal

return rate one can earn on safe assets.

Moreover, homeowners that prepay mortgage debt beneÖt from the elimination of the ináa-

tionary risk associated with the uncertainty in future real mortgage payments. A fall in ináation

boosts homeownersí real incomes, so that homeowners can beneÖt from a boost in their pur-

chasing power. However, deáation increases the real cost of mortgage debt. On the other hand,

ináation decreases the real cost of mortgage debt.

The degree of risk aversion partially a§ects retiree consumption and portfolio choices, as well

as welfare gain from paying o§ mortgage debt. More risk averse retirees optimally tilt their

portfolio toward safe assets. In an extreme case, risk averse retirees choose only to invest in safe

assets. The real return from their investment is 2%, while the real cost of borrowing is about

4%. Thus, these retirees would certainly beneÖt from paying o§ their mortgage. However, in

reality, very few wealthy people invest only in safe assets. In the following policy experiments,

we considered the case of  equal to 3 and equal to 9. When  is equal to 3, retirees are less risk

averse compared to the baseline case and increase their investment in risky assets. Therefore, the

expected return from their portfolio is larger and the welfare gains are generally smaller. When

 is equal to 9, retirees are more risk averse compared to the baseline case and decrease their

investment in risky assets. The welfare gains from paying o§ a mortgage are generally larger

compared to the baseline case. Given the increase in the share invested in safe assets, with a

return lower than the cost of a mortgage, paying o§ a mortgage becomes the best alternative

for a larger number of households. Finally, we note that even though there are di§erences in the

welfare gains when using di§erent degrees of risk aversion, these di§erences are generally small.

We simulate the lives of 100 homeowners who respectively choose to pay o§ their mortgage



90

Table 3.2: Welfare Gain - House Value $80,000

5 years 10 years 15 years
($12,000) ($24,000) ($36,000)

Financial Wealth
$100,000 -3% (-$3,000) -8% (-$8,000) -35% (-$35,000)
$150,000 -0.6% (-$1,000) -2% (-$3,500) -10% (-$15,000)
$200,000 0% ($0) 0% ($0) -1% (-$2,000)
$250,000 0.6% (%1,500) 3% ($7,500) 4% ($10,000)

Table 3.3: Welfare Gain - House Value $150,000

5 years 10 years 15 years
($25,000) ($50,000) ($75,000)

Financial Wealth
$100,000 -30% (-$30,000) -50% (-$50,000) -
$150,000 -13% (-$20,000) -15% (-$23,000) -33% (-$50,000)
$200,000 -7.5% (-$15,000) -4% (-$7,500) -12.5% (-$25,000)
$250,000 -4% (-$10,000) 1% ($3,000) -3% (-$7,000)

(straight line) or to keep their mortgage and invest (dotted line). The graphs show that average

consumption over the remaining lifetime is almost the same in both cases; however average

consumption is slightly reduced in the initial years for homeowners that prepay their mortgage.

Moreover, homeowners that pay o§ the mortgage tend, on average, to invest more in risky assets.

All homeowners decrease their portfolio share invested in risky assets as they age.

3.7 Data

We compare the results with data from the HRS panel study. We focus on homeowners with house

value less than $250,000 in year 2000. Table 3.8 shows that about one third of the homeowners

with a mortgage have enough Önancial assets to pay o§ their mortgage. Among this group of

homeowners, only one third choose to prepay the mortgage before loan termination. We identify

homeowners that prepay the mortgage as those homeowners that have more than eight years
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Table 3.4: Welfare Gain - House Value $80,000 and =3

5 years 10 years 15 years
($12,000) ($24,000) ($36,000)

Financial Wealth
Low Ináation
$100,000 -4% (-$4,000) -10% (-$10,000) -40% (-$40,000)
$150,000 -2% (-$3,000) -2% (-$3,000) -10% (-$15,000)
$200,000 -1% (-$2,000) -0.2% (-$500) -2% (-$4,000)
$250,000 0.6% ($1,500) 3% ($8,000) 2% ($5,000)

Table 3.5: Welfare Gain - House Value $150,000 and =3

5 years 10 years 15 years
($25,000) ($50,000) ($75,000)

Financial Wealth
$100,000 -30% (-$30,000) -50% (-$50,000) -
$150,000 -13% (-$20,000) -20% (-$30,000) -53% (-$80,000)
$200,000 -10% (-$20,000) -4% (-$8,000) -15% (-$30,000)
$250,000 -6% (-$15,000) 1% ($3,000) -3% (-$8,000)

Table 3.6: Welfare Gain - House Value $80,000 and =9

5 years 10 years 15 years
($12,000) ($24,000) ($36,000)

Financial Wealth
$100,000 -2% (-$2,000) -6% (-$6,000) -40% (-$40,000)
$150,000 0% ($0) -2% (-$3,000) -10% (-$10,000)
$200,000 0.5% ($1,000) 0.5% ($1,000) 0.5% ($1,000)
$250,000 1% ($2,500) 4% ($10,000) 6% ($15,000)

Table 3.7: Welfare Gain - House Value $150,000 and =9

5 years 10 years 15 years
($25,000) ($50,000) ($75,000)

Financial Wealth
$100,000 -30% (-$30,000) -50% (-$50,000) -
$150,000 -13% (-$20,000) -13% (-$20,000) -7% (-$10,000)
$200,000 -7.5% (-$15,000) -4% (-$8,000) -10% (-$20,000)
$250,000 -4% (-$10,000) 1% ($3,000) 0% ($0)
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before loan termination and have declared a mortgage in the year 2000 and no mortgage in the

year 2006.

Table 3.8: Summary Statistics for the entire sample

(1) (2) (3) (4) (5) (6)
Number of Homeowners 12,337 3,850 1,011 277 335 241

where:
(1) All homeowners
(2) Homeowners with mortgage in year 2000
(3) Homeowners with Önancial assets greater than their mortgage
(4) Homeowners with scheduled mortgage payments for less than eight years
(5) Homeowners with scheduled mortgage payments for more than eight years that do not
prepay their mortgage
(6) Homeowners with scheduled mortgage payments for more than eight years that prepay their
mortgage

Consistent with the previous simulation analysis, we divide the homeowners in two groups

according to their house value. The Örst group includes those with house value equal to $80,000

in 2000 US dollars. The second group includes those with house value equal to $150,000 in

2000 US dollars. We also make three subgroups according to the homeownersí behavior with

respect to mortgage. The Örst subgroup includes homeowners that have less than eight years

of scheduled mortgage payments. The second group includes homeowners with more than eight

years before loan termination that choose not to prepay their mortgage. The third subgroup

includes homeowners with more than eight years before loan termination that choose to prepay

their mortgage.

First letís consider homeowners with a $80,000 house. The homeowners that have less than

eight years of mortgage payments have on average a mortgage debt of $7,500 and non-housing Ö-

nancial assets equal to $85,000. They never choose to prepay their mortgage debt. This empirical

evidence is consistent with our baseline results, according to which this subgroup of homeowners

should prepay only if their non-housing Önancial assets exceed $100,000. Homeowners with more
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than eight years before loan termination have non-housing Önancial assets equal to $160,000 on

average. Homeowners that choose to prepay have, on average, a smaller mortgage and larger

investments in stocks and safe assets. Homeowners with Önancial assets greater than $150,000

that are more risk averse Önd it optimal to pay o§ their mortgage, while homeowners that are

less risk averse Önd it optimal to pay o§ their mortgage only if their non-housing Önancial assets

exceed $200,000.

Homeowners with average house value $150,000 and less than eight years of mortgage have,

on average, non-housing Önancial assets equal to $180,000 and, consistent with our simulated

results, never choose to prepay the mortgage. Homeowners that choose to prepay the mortgage

have non-housing Önancial assets signiÖcantly larger compared to homeowners that choose to

continue their mortgage payments until loan termination.

Our modelís results are consistent with the behavior of many retirees. Our model is, therefore,

able to reproduce several aspects we can observe in the HRS data. Moreover, ináationary risk

and risk aversion provide further insights about retiree behavior.

Table 3.8 and Table 3.9 contain some summary statistics about the HRS retireesí portfolio

composition.

Table 3.9: Summary Statistics - House Value $80,000

(4) (5) (6)
Number of Homeowners 116 124 103
Mortgage 7,500 40,000 34,000
Non housing Önancial assets 85,000 160,000 160,000
Stocks 42,000 85,000 90,000
Checking Account 22,000 22,000 36,000
Married or Partnered 85% 84% 90%
Birth Year 1938 1938 1935
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Table 3.10: Summary Statistics - House Value $150,000

(4) (5) (6)
Number of Homeowners 153 198 124
Mortgage 19,000 85,000 74,000
Non housing Önancial assets 180,000 300,000 440,000
Stocks 110,000 190,000 290,000
Checking Account 38,000 50,000 52,000
Married or Partnered 90% 87% 93%
Birth Year 1938 1938 1936

3.8 Conclusion

In this paper we studied the welfare gains from paying o§ a mortgage for retirees. Retirees

make consumption and portfolio choices in an environment characterized by stochastic ináation

and stochastic return on risky assets. Our model shows that wealthier homeowners are better o§

prepaying their mortgage, whereas less wealthy homeowners are worse o§ prepaying. The welfare

gains to the wealthy can run as high as 4 percent of their initial assets. These gains reáect that

the nominal mortgage interest rate exceeds the nominal return one can earn on safe assets. This

holds for those with low initial wealth, but such homeowners are typically liquidity constrained,

so paying o§ their mortgage comes at a cost of less consumption smoothing. Moreover ináation

and degree of risk aversion a§ect behavior and welfare gains from prepaying a mortgage.

This paper can be fruitfully extended in several directions. First, we can consider a more

realistic taxation system, which takes into account the progressivity of the tax code, and evaluate

how modiÖcations in the treatment of the mortgage tax deduction a§ect homeowner behavior

and welfare gains. Second, we can introduce stochastic out-of-pocket expenses in a model char-

acterized by borrowing constraints to determine the e§ects on our results. Third, we can extend

our analysis to longer life-time periods, namely younger homeowners that receive a stochas-

tic per-period income to determine under which conditions they beneÖt from prepaying their

mortgage debt.
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