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Abstract

Micro data over the life cycle show different patterns for consumption for
housing and non-housing goods: The consumption profile of non-housing goods
is hump-shaped, while the consumption profile for housing first increases mono-
tonically and then flattens out. These patterns hold true at each consumption
quartile. This paper develops a quantitative, dynamic, general equilibrium model
of life-cycle behavior, that generates consumption profiles consistent with the ob-
served data. Borrowing constraints are essential in explaining the accumulation
of housing stock early in life, while transaction costs are crucial in generating
the slow downsizing of the housing stock later in life.
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1 Introduction

Micro data show different patterns for consumption for housing and non-housing goods
over the life cycle. Consumption expenditure on non-housing goods is hump-shaped
over the life cycle: It starts low early in life, rises considerably around middle age, and
then falls at more advanced ages. On the contrary, household holdings of the housing
stock are not hump-shaped: The lifetime profile of housing stock is monotonically
increasing and rather flat in old age.

Consider a life-cycle model without leisure, borrowing constraints, and transaction
costs in trading housing. Suppose further that households have time-separable pref-
erences for consumption with constant relative risk aversion and constant elasticity
of substitution between consumption from housing and that from non-housing. Util-
ity maximization then implies that the ratio of housing to non-housing consumption
should not be age-dependent. That is to say, housing consumption should follow the
same pattern as non-housing consumption.*

These stylized facts of life-cycle consumption motivate me to ask which modifica-
tions of the basic life-cycle framework could produce consumption profiles that more
closely resemble the US consumption profiles. To answer this question, I construct a
general equilibrium life-cycle model of consumption and saving that explicitly models
housing. Owner-occupied housing has a dual role: It directly provides utility, and it
can be used as collateral. In my framework, households face several frictions: uninsur-
able labor-income risk; borrowing constraints; the lack of an annuity market to insure
against an uncertain lifetime; and transaction costs for trading houses. Households
save in order to self-insure against labor income and life-span risk, for retirement, and

to enjoy services from housing.

!This implication abstracts from leisure. If leisure has different complementarities with housing
than with other goods, then the marginal utility from housing consumption could change differently
from the marginal utility of non-housing consumption during the life cycle.



I show that a plausibly parameterized version of my model accounts well for the
empirical findings. Some parameters, such as the discount factor, are set so that
the model-generated data match aggregate targets. Other parameters are based on
existing results from the literature. The model is not calibrated to fit these two life-
cycle consumption profiles.

The model generates consumption profiles consistent with the observed life-cycle
consumption profiles. The interaction between housing (which can be used as collat-
eral) and borrowing constraints leads to the accumulation of housing stock early in life,
while transaction costs tend to slow the decline of the housing stock later in life. House-
holds begin their economic lives without any housing stock. During the early part of
their lives, because of the existence of borrowing constraints and the role of housing
as collateral, they build housing stock quickly, foregoing non-housing consumption.
As households age, they begin to decrease their non-housing consumption because the
mortality rates are increasing along the life cycle. The high transaction costs associ-
ated with trading houses, however, prevent households from decreasing their housing
stock quickly later in life.

In addition to explaining life-cycle consumption profiles, the model is able to gen-
erate homeownership rates by age. In the model, as in the data, young agents rent
while accumulating financial assets. As time progresses, many households accumulate
enough wealth to make a down payment and become homeowners. Homeownership
rates continue to be high late in life. The benchmark model also matches observed
life-cycle wealth portfolio profiles. In the model, as in the data, young households
virtually own no liquid financial assets, but hold a major fraction of their wealth as
housing. Later in life, households shift their portfolios to financial assets.

Several mechanisms have been offered in the literature to explain the hump-shaped

life-cycle consumption profile, without considering the interaction of housing and non-



housing consumption.? I account for most of these mechanisms in my analysis. I in-
corporate precautionary saving, borrowing constraints, and mortality risk in my model
with housing, and see how each feature affects consumption profiles. Instead of model-
ing the stochastic process for changes in family size, I directly control for the differences
in household size when constructing consumption profiles.

There are several papers studying the consumption pattern in models with durable
goods. Fernandez-Villaverde and Krueger (2002) build a life-cycle model to explain
the expenditure patterns for durable and nondurable goods. However, their model
abstracts from housing transaction costs and cannot generate the slow decline of the
housing stock. Heathcote (2002) incorporates home production in an otherwise stan-
dard model to account for the drop in consumption at retirement. Neither paper
incorporates a housing rental market.

This paper builds on the literature that studies various housing-related issues in
an environment with borrowing constraints and transaction costs. Examples include
Gervais (2002), Gruber and Martin (2003), Yao and Zhang (2005), Cocco (2005), Diaz
and Luengo-Prado (2006), Luengo-Prado (2006), Li and Yao (2007), and Chambers,
Garriga and Schlagenhauf (2007, forthcoming).

The paper is organized as follows. In Section 2, I present some empirical results from
the Consumer Expenditure Survey (CEX) and Survey of Consumer Finances (SCF)
documenting households’ consumption and asset accumulation over the life cycle. In
Section 3, I present my model. The calibration of the model is presented in Section
4. Section 5 presents the quantitative results of the benchmark model. Section 6
investigates the quantitative importance of the transaction costs, renting shock, down

payment, and Social Security. Brief concluding remarks are provided in Section 7.

2Examples include, mortality risk (Hansen and Imrohoroglu (2005)), precautionary saving (Car-
roll and Summers (1991), Carroll (1997), and Gourinchas and Parker (2002)), borrowing constraints
(Hubbard, Skinner and Zeldes (1994)), variations in household size (Attanasio and Weber (1995), At-
tanasio, Banks, Meghir and Weber (1999), and Browning and Ejrnaes (2002)), and the substitutability
of leisure and consumption (Bullard and Feigenbaum (2007)).



2 Empirical Findings

This section presents empirical evidence on non-housing and housing consumption over
the life cycle.> Consumption data from the CEX and asset data from the SCF is used to
construct synthetic cohorts from each data set. I use the age of each household’s refer-
ence person to define cohorts and follow them through the whole sample, generating a
panel. I adjust the data for the change in household size using equivalence scales, which
quantify the change in consumption expenditure needed to keep the welfare of families
constant regardless of its size (see, for example, Zeldes (1989), and Blundell, Browning
and Meghir (1994)).* T then control for cohort, time, and age effects by employing a
semi-nonparametric partially linear model following Fernandez-Villaverde and Krueger
(2006). All values are denoted in 1983 dollars. Appendix 8.2 describes those two data
sets, the equivalence scales used, and the estimation procedure in greater detail.
Consider, first, the life-cycle profile of non-housing consumption per adult-equivalent
for renters. Figure 1 plots the household annual non-housing consumption per adult-
equivalent against the age of the renting households’ heads.® ¢ We observe that the
average non-housing consumption for renters increases until age 25, flattens out, and
then decreases late in life. The ratio of consumption expenditure between the peak and
the beginning of the life cycle is around 1.49. Mean consumption is higher than the
median and lower than the 3rd quartile at each age, indicating that the distribution of

consumption at each age is skewed to the right.

31 differentiate goods and services into housing and non-housing categories. Housing has unique
features: It is durable, therefore, household out-of-pocket expenditure on housing is not equal to
its service flow; housing can be used as collateral to borrow in financial markets; and it incurs large
transaction costs when traded. Other durables are included in the non-housing consumption category.
They depreciate much faster than housing and are of less importance as assets in most household
portfolios.

4The profiles without controlling for household size are similar. The results are available from the
author.

5The sample is divided into owners and renters before estimation. To be consistent with the
endogeneity, the model I propose in Section 3 allows the endogenous choice of renting or owning.

6Each graph is scaled so that the curves pass through the average values in the data at age 40.



Now, consider the life-cycle profile of non-housing consumption for homeowners.
Figure 2 plots the household annual non-housing consumption per adult-equivalent
against the age of the homeowning households’ heads. The estimated consumption
profile is hump-shaped and has a peak at age 51. The ratio of consumption expenditure
between the peak and the beginning of the life cycle is around 1.56. The consumption

expenditure on non-housing goods declines later in life.
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tion (adult equivalent) tion (adult equivalent)

Now, consider consumption on housing. Figure 3 plots renters’ annual per-adult-
equivalent expenditure on housing goods (rent of dwelling and rent as pay) against age.”
Estimated housing consumption increases quickly and then flattens out. Also, mean
consumption is higher than the median at each age, indicating that the distribution of
housing consumption at each age is also skewed to the right.

Figure 4 plots estimated housing stock per adult-equivalent over the life cycle for
homeowners from the SCF at the mean, and at each quartile. The estimated housing
value increases until age 65, and then flattens out until the end of the life cycle. That
is to say, if the service flow from housing is proportional to housing stock, then per-

adult-equivalent consumption is proportional to housing stock, and consumption from

"This measure of housing consumption may be biased upwards. It may include items, such as
utilities, heating, garage or parking facilities, or furnishings in addition to shelter, which can not be
separated in CEX.



housing is not hump-shaped.®
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The finding that elderly households do not decrease their housing consumption is
consistent with the empirical findings from other literature. For example, Feinstein
and McFadden (1989) suggest that more than one-third of elderly households live in
dwellings with at least three more rooms than the number of inhabitants, and are thus
consuming a large share of housing services per adult-equivalent. Fernandez-Villaverde
and Krueger (2006) show that, when controlling for time and cohort effects, market-
valued housing service increases until age 55, decreases slightly, and flattens out until
the end of the life cycle.

The different patterns for housing and non-housing consumption over the home-
owners’ life cycle contradicts a key prediction of the standard life-cycle model which
excludes market frictions, age-dependent utility of consumption, or home production.
The standard model implies that the ratio of housing to non-housing consumption

should not be age-dependent. That is to say, consumption of housing should follow

8This measure of housing consumption can include both shelter services and consumption of other
goods for which the house provides access. For example, housing values for the elderly can include
value from accessing 24/7 health services in the community. I thank a referee for pointing this out.
Alternative ways to measure housing consumption include square footage (Chambers, Garriga and
Schlagenhauf (forthcoming)).



the same pattern as non-housing consumption.”
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Figure 5: Age profile of wealth composition

Next, I show the patterns for wealth accumulation and portfolio composition over
the life cycle. Figure 5 plots mean housing stock and financial assets against age for
renters and owners. Renters on average hold much less financial wealth than owners.
Figure 5 shows that, early in life, households borrow to buy houses, and thus save in
the form of housing. As time goes by, homeowners have accumulated stocks of housing
and begin to increase their holding of financial assets. The profiles of financial assets
and housing assets for homeowners intersect in their early 40s. However, I do not
observe a rapid decline in wealth later in life. Instead, homeowners continue to hold

large amounts of wealth into very old age.

3 The Model

The economy is a discrete-time overlapping generations world with an infinitely lived
government. The government taxes labor earnings and provides Social Security benefits
to retirees. There are uninsurable idiosyncratic income shocks. The only financial
instrument is a one-period bond. Owner-occupied housing has a dual role: It provides

utility as a consumption good, and it can be used as collateral so that the borrowing

9see Appendix 8.1 for more details.



limit of each household depends on the value of the house. The purchase or sale of a
house incurs transaction costs. Renters, on the other hand, can change the quantity

of their housing services without paying any transaction costs.

3.1 Technology and Timing

There is one type of good produced according to the aggregate production function
F(K;L) = K“(AL)'=*, where K is the aggregate capital stock and L is the aggregate
labor input. Labor-augmenting technical progress, given by A, grows at a constant
rate g. The final good can be consumed, invested in physical capital, or transformed
into housing. Physical capital and housing depreciate at rates §* and 6", respectively.

At the beginning of each period, households observe their idiosyncratic earning
shocks and may receive a bequest. Next, labor and capital are supplied to firms and
production takes place. After production, households receive factor payments and make
their consumption and asset allocation decisions. At the end of the period, housing
depreciates, and uncertainty about early death is revealed. Accidental bequests from

those early death are distributed to new agents in the next period.

3.2 The Rental Market

Following Gervais (2002), there is a two-period-lived financial institution that supplies
rental housing.!® At the end of first period, it accepts deposits and buys residential
capital. In the second period, it repays deposits with interest at rate r. Residential
capital is rented to agents at a price p" per unit. At the end of the second period,

the financial institution sells the undepreciated residential stock to a new agency. The

10Chambers, Garriga and Schlagenhauf (2007, forthcoming) propose an alternative model of the
rental market, allowing only households to supply rental housing.



no-arbitrage condition implies that the rental rate on housing is given by

(1) pt=r+4"

3.3 Demographics

During each model period, a continuum of people is created. They immediately begin
working and consuming. Each agent retires at ¢ = T, and dies by the end of age T
Each person faces a positive probability of dying, given by (1 —p;). The probability of
dying is exogenous and independent of other household characteristics. The population
grows at rate n. Since the demographic patterns are stable, agents at age t make up a

constant fraction of the population at any point in time.

3.4 Consumer’s Maximization Problem
3.4.1 Preferences

Individuals derive utility from consumption of non-housing goods, ¢, and from the
service flow of the housing, s. Preferences are assumed to be time separable, with a
constant discount factor 5. The momentary utility function from consumption is of

the constant relative-risk aversion class given by

_gle,s)t—1
(2) Ule,s) = Tﬁ7

with the two kinds of consumption aggregated as

Q=

(3) g(c,s) = (we? + (1 —w)s?)

10



3.4.2 Labor Productivity

In this economy, all agents of the same birth cohort face the same exogenous age-
efficiency profile, ¢;. Each worker 7 also faces stochastic productivity shocks y¢, which

follows a Markov process
Iny; = pylny;_, +ep, & ~ N(0,07).

This Markov process, )y, is the same for all households so that there is no uncertainty
over the aggregate labor endowment. The total productivity of a worker at age ¢ is
given by the product of the worker’s age-t productivity shock and age-t deterministic
efficiency index: yie;.

After age T, households retire and receive Social Security income. I assume the
Social Security benefits level is a function of the household’s income in the last period

before retirement.!!

3.4.3 Transaction Costs

Due to the heterogeneity and the spatial fixity of housing, both potential buyers and
sellers in the housing market are forced to spend considerable amounts of time and
resources to acquire information about the value of a specific housing unit. As a
consequence, there are both implicit and explicit search costs associated with moving
(Chinloy (1980)). These include the opportunity costs of time associated with market
search, brokerage and agent fees, recording fees, legal fees, and origination fees. More-
over, households have to physically move to a new house, which entails moving costs
and psychological costs of changing neighborhoods (Smith, Rosen and Fallis (1988)).

I consider non-convex transaction costs in the housing stock, similar to those in

1 A more realistic assumption is that the Social Security benefit is a concave function of the accumu-
lated lifetime contributions. Under this assumption, however, the accumulated contribution becomes
a state variable, which increases the computation time dramatically.

11



Grossman and Laroque (1990). The specification of the transaction costs is

0 if B € [(1— pa)h, (1+ p2)h]

p1h + poh’  otherwise.

This formulation of transaction costs allow households to change their level of housing
consumption without moving by undertaking housing renovation up to a fraction of
1o of the value of the house, or by allowing depreciation up to a fraction of py of the
value of the house. If the house depreciates by more than a fraction p; of the value, or
appreciates by more than a fraction us of the value, I assume that the house has been
sold. In those cases, the household must pay the transaction costs as a fraction p; of

its selling value and py of its buying value.

3.4.4 Borrowing Constraints

I assume that only collateralized credit is available and that the borrowing interest
rate, mortgage interest rate, and deposit interest rate are all equal. This implies that
mortgages and deposits are perfect substitutes. I use a; to denote the net asset position.
To buy a house, a household must satisfy a minimum down payment requirement equal
to a fraction 6 of the value of the house. Housing also serves as collateral for loans
(through home equity loans or refinancing) up to a fraction (1 — 6). Therefore, at any

given period the household’s financial assets must satisfy!?

(5) a>—(1—0)h.

12For a household without a house, the borrowing constraint reduces to the standard form a’ > 0.

12



In addition, to rule out negative bequests, net worth is bounded below by 0 according

to

(6) (1+7)d + (1 —0")n >0.

3.4.5 Renting Shock

In a model where households differ only by age, income, and wealth, rich households
tend to be homeowners and poor tend to be renters. In the US, a fraction of rich
households are renters. As reported by the Bureau of Labor Statistics in 2000, 12%
of households whose income is in the top quintile are renters, and 25% of those whose
income is in the fourth quintile are renters. The existence of high-income renters may be
due to heterogeneity in house prices, job mobility, preferences, or family composition.
For example, a high-income household that lives in a city, where house prices are
much higher than the national average, might not be able to afford to buy a house.
Additionally, an individual who dislikes the responsibility of owning a home or is likely
to move to another city for work might choose to be a renter.

To capture factors other than age, income, and wealth that affect household’s rent-
ing/owning decision, I assume households face renting shocks. A household who re-
ceives a renting shock is not allowed to own and can only rent. Let ¢; denote the
probability of receiving a renting shock at age t. The shock is exogenous and indepen-

dent of other household characteristics.

3.4.6 The Household’s Recursive Problem

In a stationary equilibrium, the interest rate is constant at r» and the wage rate w is
growing at rate g. The household’s state variables are given by (m,t,a, h,y), which

denote the agent’s renting shock, age, financial assets, housing stock carried from the

13



previous period, and labor productivity, respectively.'® If h = 0, then this household
was renting in the previous period. If m = 1, then this household is not allowed to own
a house. Denote V' (0,¢,a, h,y) as the value function of an agent in state (0,t,a, h,y).
If m = 0, the consumer chooses whether to rent or to be a homeowner by comparing
the value of being a homeowner, V°(t,a, h,y), against the value of renting a house,
V" (t,a,h,y), so that, V(0,t,a, h,y) = max{V° V"}. If m = 1, the household can only

rent, and thus V(1,¢,a, h,y) = V"(t,a, h,y). If the agent chooses to rent, then

(™)
V' (ta, hy) = max{Ule, s)+0p((1=a) E(V(0,4+1,0',0.9)+a:E(V (L t+1,0',0,9')) }

c,a’,s

subject to

c+d +phs +7(h,0) = Y(t,y)+ (1 +r)a+(1-— 5h)h—i— by,

(8) c > 0,5>0, d>0,

where Y (t,y) denotes earnings after taxes. In any subperiod, an agent’s resources
depend on asset holdings, a, labor endowment, ¢y, housing stock, A, and received
bequests, b;. Government taxes labor income below e,,,, at the rate 7;, so that
Y(t,y:) = w(l+g)'e;y — (14 g)' min (wesy, €maz). After retirement agents receive So-
cial Security benefits, which are a function of the income level at T,.—1. The constraints

for retired agents are given by (8), and
(9) ct+a +p"s+7(h,0) =Plyr,—1)+ (1 +7r)a+ (1 —0")h+0,.

If the agent chooses to own, then

13 As a result of homotheticity, policy functions and value functions of a household born one period
later is scaled up by g.

14



(10)
VO(t,a,h,y) = max{U (e, /) +8p(1=a) E(V (0, t4+1,0', Wy )+ E(V (1, 141,01, y) §

subject to (5), (6), and

ctad +H+7hk) = Y(t,y)+ (L +r)a+ (1—5"h+b,

(11) ¢ > 0, h>h,

where h is the minimum house size available for purchase. After retirement, the con-

straints are given by (5), (6), (11), and
(12) cta +h+7(h 1) = Pyr,1)+ (L+r)a+(1—8"h+b.

3.4.7 Definition of Stationary Equilibrium

A formal definition of a stationary equilibrium is provided in Appendix 8.3. The model
is solved numerically. Appendix 8.4 describes the computation algorithm in greater

detail.

4 Calibration

Some parameters used in the benchmark model are based on estimates in other studies.
The remaining parameters are chosen so that the data generated by the model’s equi-
librium match a given set of aggregate targets. None of the parameters are calibrated
against the life-cycle consumption profiles.

One period in the model is equal to 5 years. At age 25, each person enters into the

model. The retirement age T, is set to be age 65, and the maximum life expectancy T'

15



is set to be 85. The rate of population growth, n, is set to equal the average population

growth from 1950 to 1997 from the Economic Report of the President (1998). The p;s

is the vector of conditional survival probabilities. I use the mortality probabilities for

people born in 1960, weighted by gender.!*

Parameters Calibrations
Demographics

T maximum life expectancy 85

T, retirement age 65

n annual population growth 1.2%

jn survival probability see text
Technology

g annual productivity growth 1.6%

« capital share in National Income 0.263

ok annual depreciation rate of capital 5.9%

o annual depreciation rate of housing 1.4%
Endowment

€t age-efficiency profile see text

Py AR(1) coefficient of 5-year income process  0.85

05 innovation of 5-year income process 0.30
Government policy

T Social Security tax 9.55%

emaz Social Security tax cap 1.33 of annual household income

P Social Security benefit
Housing market

h minimum housing price
0 down payment rate
qt renting shock probability
p1 transaction costs of selling a house
02 transaction costs of buying a house
W1 maximum depreciation
2 maximum renovation
Preference
n risk aversion coefficient
o substitutability of housing and non-housing
w weights of non-housing in utility function
I6] discount factor

see text

1.4 of annual household income
0.1

10%

7%

2.5%

7%

7%

1.5
0
0.90
0.93

Table 1: Parameters used in the benchmark model

I choose an average productivity growth of 1.6% annually. I construct measures of

output Y, capital K, housing H, and their investment counterparts using data from the

National Income and Product Accounts (NPIA) and the Fixed Assets Tables (FAT) for

14The reason that I use birth cohort of 1960 is that the youngest cohort in the SCF was born in
1957-1962. I use weighted mortality probability because the model is a gender neutral model.
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the years 1959-2001. Aggregate ratios for the US economy are calibrated to explicitly
consider the existence of housing that comprises residential assets. Output is defined
as measured gross domestic product (GDP) minus housing services plus government
capital income. Capital is defined as the sum of nonresidential private and government
fixed assets plus the stock of inventories. The housing stock is defined as the stock of
private and government residential assets plus the stock of inventories. Investments in
capital and in housing are defined as changes in stocks. The term « is the share of
income that goes to the nonresidential stock of capital and is set at 0.263. This capital
share is lower than that in other calibrations which abstract from housing. I calibrate
0% to be 5.9% and 8" to be 1.4%. The rate r is the interest rate on capital net of
depreciation and is 8.2%. Appendix 8.5 explains the rationale behind these choices in
greater detail.

The deterministic age-profile of the unconditional mean of labor productivity, €,
is taken from Emre (2007), who estimates household-level age-efficiency profiles. The
persistence p, and variance 0'5 of the stochastic productivity process are estimated from
Panel Study of Income Dynamics data, aggregated into 5 years in order to be consistent
with the model period (Altonji and Villanueva (2002)).'> The persistence is low and
variance is high because this refers to income in a 5-year period. The discretized
income process produces a cross-sectional income distribution that is similar to the
data reported in De Nardi (2004).

The retirement benefit is calculated to mimic the Old Age and Survivor Insur-
ance component of Social Security system. Let n; denote earnings at age t, nor-
malized by average household income and capped at the maximum earnings level:
1y = min (WY, €maz). Let n denote the annual average of the highest 7 earnings real-

izations (35 highest years of earnings) of n;. The Social Security benefit is equal to

15De Nardi (2004) provides a detailed discussion of the estimation process.
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0.9n n < 0.112
{ 0.1008 + 0.32(n — 0.112) 0.112 < n < 0.673 }
0.2803 + 0.15(n — 0.673)  0.673 < n < €max

The Social Security income cap is €,,,, = 1.33. The bending points, marginal rates, and
Social Security income cap are calculated from the Social Security Handbook (2003).16
The variable P(yr,_1) is calculated as the average retirement benefit among all agents
with the same income level at T}, — 1.7 The labor income tax for earnings below the
Social Security income cap, 7, = 9.55%, is chosen to balance the government budget.'®

Accidental bequests are first distributed to new agents at age 25 to reproduce the
distribution of capital endowments for households at age 24-25 according to SCF 1998
data.!® 2° The remaining bequests are then distributed evenly to new agents at age
25, which endogenously determines 0.

The down payment rate 6 is set to be 0.1, which is commonly used in the housing
literature. Recently, some households have been allowed to purchase houses without
much initial wealth. However, Caplin, Chan, Freeman and Tracy (1997, p. 31) argue
that “it is almost impossible for a household to buy a home without available liquid
assets of at least 10% of the home’s value”. I show the effect of the down payment rate

in Section 6. The probability of receiving a renting shock is chosen to be 10%, and I

16 According to the 2000 Social Security rules, the Social Security cap is $76,200. Marginal rates are
0.90, 0.32, 0.15 and bend points of average indexed monthly earnings are $531 and $3,202. T multiply
these bend points by 12 and normalize them with the mean household income for 2000, $57,135 (from
the Census).

7T first calculate the joint distribution of earnings along the life cycle from the model. Then I
calculate the distribution of n and Social Security benefits at age T). — 1.

18Gince the model focuses on retirement benefits, this rate should be compared with payroll taxes
excluding the Medicare and Disability Insurance (10.6%). Under current benefit and tax system, the
current Social Security system has surplus, while the model imposes a balanced Social Security budget
and thus implies a lower payroll tax rate.

9The purpose of this procedure is to generate some heterogeneity at the beginning of the life cycle.
Otherwise, income will be the only factor to determine the renting/owning decision for agents at age
25. Assuming that all households start with zero capital does not change the results noticeably.

20Gince the model does not allow negative wealth, negative wealth holdings in the data are treated
as zero. Most households start with wealth endowments close to zero.
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show the effect of this parameter in Section 6.

Since one of my main goals is to look at the effect of transaction costs on consump-
tion and saving decisions, one key calibration is the type of transaction costs that I
choose. Gruber and Martin (2003) estimate the reallocation cost of tax and agency
costs from CEX and find the median household spends 7 percent of a house’s value to
sell it and 2.5 percent to purchase. In my simulation, I choose transaction costs from
sales to be p; = 7% and from purchases to be py = 2.5%. Davidoff (2006) shows that
homeowners over age 75, compared with younger owners of similar homes, spend about
0.8 percent of home value less per year on routine maintenance. I choose a big range
and set py = po = 50,. That is to say, households can change their level of housing
consumption by allowing depreciation or renovation up to 7% of the value of the house
as an alternative to moving. I show the effects of p; and ps in Section 6.

I take the risk aversion parameter, 7, to be 1.5, from Attanasio, Banks, Meghir and
Weber (1999), and Gourinchas and Parker (2002), who estimate it from consumption
data. This value is in the commonly used range (1-5) in the literature. The parameter
o governs the elasticity of substitution between housing and non-housing. Ogaki and
Reinhart (1998) use aggregate data and a similar specification, and obtain an estimated
o = 0.145, not significantly different from zero. Therefore, I choose o to be 0 so that
the momentary utility function g(c, h) takes the Cobb-Douglas form. I show the effect
of the elasticity of substitution between housing and non-housing in Section 6.

The remaining parameters are chosen so that the model-generated data match a
given set of aggregate targets. I choose (3, w, and h to match the capital-output ratio

of 1.86, housing-output ratio of 1.19, and homeownership rate of 67.6%.%

21 The first two are calculated using NIPA and FAT and the last is calculated from CEX 1984-2000
using samples of households whose heads were between age 25-90 in each year.
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5 Numerical Results

This section studies the implications of the model economy for homeownership rates
by age, and for the life-cycle consumption and wealth profiles for both homeowners

and renters. All figures are normalized by average household income.

5.1 Homeownership

Figure 6 compares the fraction of homeowners at each age in the model with that
estimated from CEX. In the model, as in the data, young agents rent while accumulat-
ing financial assets. As time progresses, more households have accumulated sufficient
funds for down payments to become homeowners. Homeownership rates continue to
be high late in life. In this model, renting has several advantages over owning. First,
since there is no minimum size in rental units, relatively poor households can rent
relatively small units rather than buy a large one. Second, renters can adjust housing
consumption without paying transaction costs for trading houses. On the other hand,
owning might dominate renting. Owned housing can be used as collateral and relaxes
borrowing constraints. Also, in the absence of indivisibility and transaction costs of
16" r+o"

owner-occupied units, the cost of buying is 1 — = — = T3> which is lower than the

cost of renting, p" = r + 6", when the interest rate is positive. For young agents,
who face future income shocks and on average receive lower income than middle-aged
agents, renting is more attractive than owning. Once agents have accumulated a down

payment and most uncertainty in income has been revealed, they choose to own.

5.2 Life-cycle Profiles of Consumption

Figures 7 and 8 compare the life-cycle profiles of average non-housing and housing

consumption in the model with those in the data reported in Section 2.2 Housing

22Djiscussions of the distributions of consumption by age are provided in Appendix 8.6.
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Figure 6: Homeownership rates by age

consumption for renters is transformed into housing value using the same p" as in the
model. In the model, the family size is constant, so I use the per-adult-equivalent
non-housing and housing consumption data and multiply them by the average number
of equivalent adults.?> T adjust the results from the model so that aggregate non-
housing consumption and the aggregate housing stock are the same in the data as

in the model.?*

From Figure 7, we see that average non-housing consumption for
homeowners is hump-shaped and peaks at age 60. Non-housing consumption at age 60
is 90% more than that at age 25. After the peak, non-housing consumption decreases
steadily with age. Non-housing consumption at age 60 is 29% more than that at age
80. Facing an increasing future income profile, young agents would like to borrow to
finance their current consumption but they are borrowing-constrained. This explains
why early in life consumption increases as income does. As households age, they start
to decrease their non-housing consumption due to the fact that the mortality rates are
increasing along the life cycle. Since there are no perfect annuity markets to insure

against mortality risk, old agents discount their future consumption at a higher rate.

This implies that the consumption profile is declining later in life. Compared with the

231 multiply non-housing consumption for renters and for owners in the data by 1.44 and 1.56,
respectively. I multiply housing consumption for renters and for owners in the data by 1.14 and 1.16,
respectively.

24In the model, I match aggregate consumption to its value in the NIPA. Compared with NIPA, CEX
underreports consumption (Attanasio, Battistin and Ichimura (2004)) and SCF overreports housing
value. Thus, I multiply non-housing consumption in the model by 0.68 and housing consumption by
1.8.
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data, the model under-predicts non-housing consumption for renters.
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Figure 7: Non-housing consumption Figure 8: Housing consumption

The housing consumption profile in the model reproduces the empirically observed
profiles, increasing early in life and downsizing slowly later in life. Households begin
their economic lives without any housing stock. During the early part of their lives,
because of the existence of borrowing constraints and the role of housing as collateral,
they build housing stock quickly, foregoing non-housing consumption. Agents build up
their highest housing stock at age 65. The elderly do not decrease their housing stock
until very late in life.

The introduction of transaction costs induces agents to reduce the frequency of
transactions in the housing market. Agents do not change their stock of housing by
moving unless their non-housing assets and housing stocks are too unbalanced. Given
any level of housing stock, there is a wide range of non-housing assets within which
households will not move to adjust their housing stock. The inactive region can be
defined by two boundaries, (ar(h), ag(h)). If a household with a housing stock of h
holds non-housing assets greater than the upper boundary ag(h), the household will
move to a bigger house in the next period and hold a smaller fraction of non-housing
assets in the wealth portfolio. If instead it holds non-housing assets less than the
lower boundary ar(h), the household will move to a smaller house next period and

hold a larger fraction of non-housing assets in the wealth portfolio. The size of the
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inactive region differs across ages and income and also is affected by parameters such
as the size of transaction costs. Figure 9 shows the boundaries of the inactive region
for a 70-year-old agent, for a 65-year-old agent, and for a 45-year-old agent each with
the median income. Even for relatively small transaction costs, those inactive regions
are quite large. One reason that the upper and lower bounds for a 65-year-old agent
are higher than a 70-year-old agent is because a 65-year-old agent has a longer life
expectancy and needs more financial assets to support non-housing consumption. The
same large amount of financial assets could trigger a 70-year-old household to upgrade
to a large house, but might not trigger a 65-year-old household to upgrade. Similarly,
the upper bound for a 45-year-old agent is higher than a 65-year-old agent. However,
the lower bound for a 45-year-old agent is lower than a 65-year-old agent at low level
of housing assets. This can be explained by the different levels of income by age. The
median income at age 45 is highly than that at age 65. A higher income level may
lower the upper and lower boundaries. At lower level of housing assets, the effect of
higher income level dominates the effect of life expectancy, thus the lower bound for a
45-year-old agent is lower than a 65-year-old agent. At higher level of housing assets,
the effect of higher income level is dominated by the effect of life expectancy, thus the

lower bound for a 45-year-old agent is higher than a 65-year-old agent.
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Figure 9: Boundaries of inactive zones
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The existence of transaction costs affects young agents and old agents differently.
Young households face increasing income profiles and would like to purchase large
houses, but they lack the non-housing assets to make the down payment. As a result,
they have to increase their housing stock fairly often. As households age and their
income profile stabilizes, households prefer a constant level of housing stock, given
that trading of housing stock would incur transaction costs. In addition, old households
are less likely to move than young households, because they can only live in the new
house for a relatively short period of time. Table 2 shows the fraction of households
moving at the beginning of each period for each age group. Moving rates by age are
calculated from the 2005 Current Population Survey (CPS).?> We see moving rates
for all households, and for owners both decline with age in the model, as in the data.
Moving rates for all households in the model are slightly higher than in the data. One
reason is that in the model renters do not pay costs when moving and thus change

their housing consumption very often.

Age 25 30 35 40 45 50 55 60 65 70 75 80
Data (all) 70 61 48 39 31 26 24 22 18 17 15 16
Model (all) ~ 62 48 45 44 43 41 39 34 22 19 17
Data (Owner) 58 51 40 30 24 20 19 18 15 13 10 10
Model (Owner) - 43 24 22 20 20 19 17 10 9 9 9

Table 2: Moving rates by age (in percentage)

5.3 Life-cycle Profiles of Wealth Composition

Figures 10 and 11 display the evolution of the wealth portfolio over the life cycle.
Young agents, who start with little wealth and expect to have much higher earnings
in the future, do not hold much wealth. Early in life, households borrow as much

as possible to buy houses, and thus save in the form of housing. As time goes by,

25CPS records whether the respondent had changed residence in the past five years. Those who
reported that they were living in the same house as five years ago were considered non-movers. I
thank a referee for the suggestion.
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agents accumulate stocks of houses and start to increase their holding of financial
assets. The profile of financial assets and housing assets intersect in the early 40s,
slightly earlier than what is observed in the data. Wealth holding peaks at age 65, the
year at retirement. After retirement, households start to use their assets to finance
consumption. Compared with the data, the financial assets profiles for both owners and
renters have humps that are more pronounced. In fact, at a very old age, homeowners
borrow against their homes and take on debt. Since I abstract from bequest motives,
health expenditure uncertainty or other shocks, old agents in my model do not have
bequest or precautionary saving motives and run down their assets much more quickly
than in the data.?6

i (Barer) O B O 7o

- housing (data) s 4.5F e
gH - — -financial (data) e .-

2 . . . . . . 0 . . . . . .
20 30 40 50 60 70 80 20 30 40 50 60 70 80

Figure 10: Life-cycle patterns for wealth  Figure 11: Life-cycle patterns for financial
composition (owner) assets (renter)

6 Decomposition

Given that the benchmark model does a good job in generating the different patterns
for housing and non-housing consumption and the evolution of asset composition, it

is useful to investigate how each ingredient of the model affects the results. I change

26The risk of incurring substantial medical expenses such as out-of-pocket medical expenses and
uninsurable nursing home expenses might generate precautionary savings and affect the wealth profile
(De Nardi, French and Jones (2005)). The effect of medical costs on the life-cycle consumption and
saving in an environment with housing is left for future research.
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one parameter at a time, keeping other parameters as in the benchmark economy. To
measure the evolution of consumption and assets over the life cycle, I report the average
homeownership rate, and non-housing consumption at the peak (age 60) relative to
that at age 25 and age 80 (z;;g and 2%8), and housing consumption at the peak (age 65)
relative to that at age 25 and age 80 (Z—gg and Z—Sg) I also show the ratio of housing to
financial assets at age 65 (%), and assets at age 65 relative to that at age 25 and age
80 (%2 and %65 27

az2s ago

6.1 Transaction Costs

First, I investigate the effects of transaction costs on household consumption and asset
holdings by setting the costs to 0. Line 2 in Table 3 shows that in a model without
transaction costs, more households, mostly young households, become homeowners
since removing transaction costs makes owning more attractive than renting.?® Hous-
ing consumption declines more dramatically in old age so that housing consumption
at age 65 relative to age 80, Z—:g, is higher than the benchmark model. This shows
that transaction costs play an important role in explaining the slow decline of housing
consumption later in life. We also see that Z—sf is higher, indicating that a household’s
portfolio shifts from financial assets to housing assets. The reason is that removing
transaction costs makes housing assets more attractive. As more relatively poor young
households become homeowners, assets at age 25 and consumption at age 25 for home-
owners decrease, and % and Zﬁ increase.

To better understand the effects of transaction costs on life-cycle consumption
profiles, I compare, in Figure 12, the life-cycle profiles of non-housing and housing
consumption for homeowners in the model without transaction costs with those in the

benchmark model. We see a hump-shaped non-housing consumption profile, which is

2"In all the cases presented in this section, homeowners are borrowing against their houses at age
80-85, so the assets holdings for homeowners at age 80-85 are negative.
28There is still a down payment so homeownership rates at each age are less than 1 — g,.

26



rate owner renter
% <60 <60 hes hes hes ags  a6s <60 <60 ags
c25 c80 has hgo ags azs  aso c25 80 azs
1 Benchmark 68 1.9 1.29 169 1.12 038 6.3 -4.4 1.59 1.19 3.75
2 pp=p2=0 69 206 1.21 1.73 116 041 9.7 -4.3 1.79 128 3.94
3 puwp=u2=0 68 1.91 1.3 1.68 1.02 0.37 6.3 -4.2 1.59 1.19 3.75
4 =00 79 211 132 1.73 111 0.39 89 -43 0.88 0.82 0.02
5 0=0.5 66 191 099 1.67 097 037 64 -5.2 1.59 1.06 3.72
6 0=02 55 1.62 127 145 1.08 0.28 4.2 -58 141 1.2 2.88
7 o=-0.2 72 2.03 1.3 1.81 1.13 048 9 -3.6 1.87 1.21 4.52
8 P=0 71 196 128 1.74 112 024 94 -7.1 152 14 5.21

Table 3: Decomposition

similar to the one reported in the data and in the benchmark model. Compared with
the benchmark case, a model without transaction costs generates a faster decrease of

housing stock later in life.

4.5F

—+—nonhousing (benchmark)
—+— housing (benchmark)

- - —nonhousing (no costs)

- = housing (no costs)

20 30 40 50 60 70 80

Figure 12: Life-cycle patterns for consumption (owners)

6.2 Remodeling-maintenance Option

Now, I remove the remodeling-maintenance option by setting p; = pus = 0. That is to
say, if the value of the housing stock increases or decreases, I assume that the house
has been sold. The results are summarized in line 3 in Table 3. This option does
not affect young and middle-aged households much, so that housing consumption at

age 65 relative to age 25 (Z—gz) is similar to that in the benchmark model. In the last
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period, elderly households are not allowed to let the house depreciate, so that housing
consumption at age 65 relative to age 80 (Z—Zz) is almost constant. Facing transaction
costs when moving and not being able to let the house depreciate, elderly homeowners

barely change housing consumption.

6.3 Renting Shock

Next, I consider the effect of the renting shock in the model by setting ¢ = 0 so
that all agents can freely choose to be homeowners. The results are summarized in
line 4 in Table 3. Without a renting shock that may force households to sell their
houses and incur transaction costs, housing becomes more attractive and the aggregate
homeownership rate increases. When more young households become homeowners, %g
and £ for renters are both less than 1, indicating that the life-cycle non-housing
profile for renters is actually U-shaped. The reason is that, without renting shocks,
wealth is the main factor that affects the renting/owning decision and those who have
low wealth tend to become renters. Since homeownership peaks at age 60, renters at
age 60 are on average poorer than renters in other age groups and thus consume less.
This also explains why Z%i for renters is much less than 1. The existence of renting
shocks might not affect consumption profiles for homeowners much but it affects the
ratio of consumption for homeowners to that for renters. Without renting shocks, rich
households tend to own and poor households tend to rent. Thus the consumption levels
of homeowners are much higher than those of renters. In this case average housing
consumption for homeowners is 5.7 times the housing consumption for renters. In
contrast, under the benchmark renting shocks, some rich households could become
renters and thus average housing consumption for homeowners is 3.2 time the housing

consumption for renters, much closer to that of the data.

28



6.4 Down Payment

Now I check the effect of the down payment rate on consumption paths and wealth
composition by increasing the down payment rate to 0.5 (line 5 in Table 3).2%> 30 When
the down payment rate is high, less households can afford a house, and homeownership
rate decreases. In a model without bequest motives, homeowners borrow against their
houses late in life. A higher down payment rate implies that elderly households cannot
borrow as much against their houses, thus housing becomes less attractive. Households
shift consumption from housing to non-housing and wealth from housing to financial
assets late in life, so that 2% and Z—gj are lower than the benchmark case. When the
borrowing constraint becomes tighter, relatively poor elderly homeowners choose to
be renters and the homeownership rate at age 80 declines. This selection mechanism
increases the consumption of both renters and owners at age 80. Therefore, both %
and %5 decrease.

hso

6.5 Elasticity of Substitution between Housing and Non-housing

Consumption

The elasticity of substitution between housing and non-housing consumption affects the

fraction of expenditures on each of the goods as well as the renting/owning decision. For

wp”

1W)ﬁ holds. Thus under parameters in the benchmark

example, for renters, ¢ = h* (
model, non-housing consumption relative to housing consumption rises with . When
housing consumption decreases, minimum housing size is more likely to bind, and

homeownership decreases. Line 6 in Table 3 shows the results when the elasticity of

substitution is 1.25 (0 = 0.2). When the elasticity of substitution is high, households

2In the benchmark, inequality (6) is stronger than inequality (5), so the effective down payment
rate 6 is 0.34.

30A tight borrowing constraint increases accidental bequests, which in turn relaxes the borrowing
constraint faced by the young. To isolate this effect, I use the distribution of bequests from the
benchmark instead.
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shift consumption from housing to non-housing and wealth from housing to financial
assets during their middle age years, so that Z—gz and Z—gz are lower than the benchmark
case.

Line 7 in Table 3 sets the elasticity of substitution to 0.83 (¢ = —0.2). When the
elasticity of substitution between the housing and non-housing consumption is lower,
minimum housing size is less likely to bind and homeownership increases. Households
shift consumption from non-housing to housing and reallocate their wealth portfolios
from financial assets to housing assets during their middle age years. Therefore, Z—SE

and Z—gz are higher than the benchmark case.

6.6 Pay-as-you-go Social Security System

Line 8 in Table 3 shows the results for an economy without a Social Security sys-
tem. Aggregate capital increases by 54%, so that households on average have higher
consumption of both housing and non-housing. Without a Social Security system pro-
viding an annuity, accidental bequests increase. Therefore, more young agents become
homeowners. In addition, more young households are able to buy houses due to the
increase in their after-tax income. Thus, homeownership rates increases. As more
relatively poor young households become homeowners, consumption at the age 25 for
homeowners decreases, and %2*51 and %; increase. Abandoning a Social Security sys-
tem encourages private saving for retirement, so that financial assets at retirement
age are much higher than in the benchmark case. Additionally, households portfolios
ae

shift to financial assets at age 65, as evidenced by a higher - for both renters and

homeowners, and a lower Zﬁ and a higher % for homeowners.
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7 Conclusions

I develop a quantitative and realistically calibrated dynamic general equilibrium model
of optimal housing and non-housing consumption decisions for finitely lived individ-
uals who face several market frictions. The model is able to match two basic pat-
terns observed in the data: the hump-shaped non-housing consumption profile and the
non-hump-shaped housing consumption profile. Households begin their economic lives
without any housing stock. During the early part of their lives, they choose to accu-
mulate housing, foregoing non-housing consumption. As households age, they decrease
their non-housing consumption as the mortality rates are increasing along the life cy-
cle. The high transaction costs for trading houses prevent households from decreasing
their housing stock quickly later in life.

In addition to explaining life-cycle consumption profiles, the model is able to gen-
erate homeownership rates by age. In the model, as in the data, young agents rent
while accumulating financial assets. As time goes by, many households accumulate
enough wealth to make a down payment and become homeowners. Homeownership
rates continue to be high late in life.

The model is also able to replicate observed life-cycle wealth portfolio profiles. In
the model, as in the data, young households virtually own no liquid financial assets,
but hold a major fraction of their wealth as housing. Later in life, households shift
their portfolios to financial assets.

I have assumed that there is no cost of borrowing using housing as collateral. Hurst
and Stafford (2004) explore the use of equity as a mechanism by which households
smooth their consumption over time. Their analysis assumes households have fixed
housing stocks and focuses on the impact of temporary income shocks on refinancing
decisions. It would be interesting to extend my model to look at the effect of income

shocks on households’ moving decisions and refinancing decisions jointly.
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8 Appendix

8.1 Consumption Ratio in a Standard Life-cycle Model

Consider a life cycle model without borrowing constraints and transaction costs in trad-
ing housing. Households have time-separable preferences on consumption with constant
relative risk aversion and constant elasticity between consumption from housing and
non-housing.

~gleh)tr—1
(13) Ue,h) = S
(14) g(e,h) = (w(c)” + (1 —w)h?)7.

Given budget constraints, a household chooses ¢, a1, hiy1 to maximize its ex-
pected lifetime utility,

max {Z BE(si1U(ce, hyrr) + (1= s0) V(1 = 0n)hegs + (14 7)aw))}

ct,at+1,he4+1

subject to
(15) ¢ + at+1 + ht—i—l = Yt -+ (1 + T)(lt -+ (1 — (Sh)ht
(16) Ct 2 07 ht+1 Z 07

where ¢; is consumption of non-housing goods at age t, a;;1 is non-housing assets at
age t + 1, hyyq is housing stock at age t, y; is stochastic labor income at age t, s; is
the probability of surviving up to age t, where s is 1, 7 is the interest rate, 8" is the
depreciation rate of housing, and V' is the utility from leaving bequest to the children,
such that V' = 0 implies no bequest motive.

Theorem 1: The ratio of consumption of housing to non-housing goods should be
age-independent.

Proof of Theorem 1: Utility maximization implies that the following first order
conditions hold

[c4] : B'se1Ui (e, huyr) = A
[a41] : (1 +7)8 (1 = )V + (L4 1) Edp = Ay
[ht—l-l] : ﬁtst—1U2(Ct; ht—i—l) + (1 - 5h)5t(1 - St) t,+1 + (1 - 5h)Et>\t+1 = A

Therefore from the above equations, we get

1—06y
1+r

(17) Bsi-1Us(cp, hysr) + At = A,
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which implies that

(18) UQ(Cta ht-‘rl) _ (T’ + 5h)
U1(6t7ht+1) ]_—f—’/’ '

Then the ratio of housing to non-housing consumption is independent of age ¢ given
by

h (r+6"w 1

(19 2= )7

c (1+7)(1 —w)

The above model implies that the ratio of consumption of housing to non-housing
goods should not be age-dependent. The implication of the above model is not consis-
tent with the facts that, later in life, consumption of housing is flat while consumption
of non-housing goods is declining.

8.2 Estimation Procedure

This appendix describes data sources and explains the non-parametric regression used
to construct life-cycle profiles reported in Section 2.

I first study the life-cycle profile of consumption of non-housing goods, and housing
expenditure for renters, using data from the CEX (1984-2000). Non-housing data is
deflated to be in 1983 dollars using the CPI for non-housing. Housing expenditure is
deflated using the CPI for shelter.

The CEX is the only micro-level data set reporting comprehensive measures of con-
sumption expenditure for a large cross-section of households in the US. I use the age
of the reference person to define 11 cohorts with a length of 5 years, and follow them
through the whole sample, generating a panel. For example, the households born in
1964-1968 were 18-22 years old in 1986. The pseudo panel approach treats the 19-23
year-old households in the 1987 wave as if they were the same people as the 18-22 year-
old in the 1986 data. The data on “expenditure on non-housing consumption” include
food, alcoholic beverages, tobacco, personal care, other lodging, utilities, household op-
erations, household furnishings and equipment, transportation, books and electronic
equipment, apparel, out-of-pocket health expenditure, life insurance, entertainment,
cash contribution, and miscellaneous expenditures. For renters, housing consumption
includes rent for dwelling and rent as pay. Only households with positive consumption
expenditure and all the necessary demographic information for household size adjust-
ment are selected. Renters with zero housing expenditure are also dropped. 1 take
non-housing consumption expenditure from the CEX and the demographic informa-
tion of the household, and adjust consumption using the equivalence scales. I use the
equivalence scales for non-housing consumption as Fernandez-Villaverde and Krueger
(2006), which are close to the equivalence scales used in the literature. Nelson (1988)
finds that the economies of scale in shelter is so high that two can live as cheap as
one-half. Thus I choose Equivalence scales for shelter that reflect this feature. Table 4
shows the equivalence scales I use.
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Family Size 1 2 3 4 ) 6 7
Equivalence scales (non-housing) 1 1.34 1.65 1.97 2.27 2.57 2.87
Equivalence scales (housing) 1 11 12 13 14 15 16

Table 4: Equivalence scales

I then use the six waves of the SCF (1983-1998) to estimate the life-cycle profile
of housing stock and non-housing assets controlling for cohort and time effects. The
SCF, sponsored by the Federal Reserve Board and conducted by the University of
Michigan and the National Opinion Research Center, has become the main source
of microeconomic data on wealth for the US. It is conducted triennially and collects
detailed information about wealth for a cross-section of households. Standard weights
are used. The survey defines wealth as owner-occupied housing, other real estate,
cash, financial securities, unincorporated business equity, insurance and pension cash
value, miscellaneous assets less mortgages, and other debt. Consumer durables and
housing inventories are not measured in the survey data. I define the housing asset to
be the value of the primary residential house. Housing value is deflated to be in 1983
dollars using the housing price index. Non-housing assets are deflated to be in 1983
dollars using the CPI. Housing consumption per adult-equivalent for home-owners is
calculated using equivalence scales reported in Row 3, Table 4.

As in Fernandez-Villaverde and Krueger (2006), I control for cohort, time, and
age effects by employing a semi-nonparametric partially linear model. Since there
are no obvious patterns for the time and cohort effects, dummy variables seem to be
appropriate. On the other hand, consumption and wealth changes along the life cycle
are the main focus of my paper; I thus choose to model age effect non-parametrically.

In particular, I specify the following partially linear model to control for age, cohort
and time effects,

p _ P p p
wh, = micohort; + m v + mP (ageir) + b,

where w!, is the variable at moment p of the distribution of households who are age
j at time t, cohort; is a dummy for each cohort, 7; is a dummy for each year and
age; is the age of cohort ¢ at time t. The term mP(age;) is a smooth function of
age;r, and I assume that this function represents a smooth unparameterized functional
relationship. The error terms &%, are assumed to be uncorrelated with zero mean and
variance o”.

I estimate the partially linear model using the two-step estimator proposed by
Speckman (1988). The nonparametric component is estimated using a Nadaraya-
Watson estimator. The kernel chosen in Nadaraya-Watson estimator is an Epanech-
nikov kernel. Details of the estimation are available in Yang (2006).

8.3 Definition of the Stationary Equilibrium

I focus on an equilibrium concept where factor prices and age-wealth distribution are
constant over time. Each agent’s state is denoted by x. Let H" denote the aggregate
housing stock available for renting, H° denote the aggregate owner-occupied housing
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stock, C' the aggregate consumption of non-housing, I the aggregate investment on
housing, I* the aggregate investment on physical capital, and T'c the total transaction
costs for trading housing, respectively. An equilibrium is described as follows.

Definition 1 A stationary equilibrium is given by government policies 1, P; an inter-
est rate r and a wage rate w; value functions V(x), allocations c(x), a'(x), h(zx), s(x);
bequest b(t) for a person at age t; and a constant distribution of people over the state
variables x: m*(x), such that the following conditions hold:

(i) Given the government policies, the interest rate, the wage, and the expected
bequest by, the functions V(x), c(z), d'(z), s(x) and h(x) solve the above described
mazximization problem for a household with state variables x.

(i) m* is the invariant distribution of households over the state variables for this
economy.3!

(111) All markets clear.

1o = [+ ) thn (da),
1= [+ g tsm (),
K= /(1 + g9)fam*(dz) — H",
€= [+ gy tem(ds),

L= [ eym (o)

Tc= /T(h',h) m*(dz),
F(K,L)=C+1I"+1"+Te.

(iv) The price of each factor is equal to its marginal product.
r=F(K,L) -, w=F(K,L).

(v) Government budget is balanced at each period.
(vi) The expected bequest is consistent with the actual bequest left.

8.4 Computation of the Model

Since I introduce non-convex transaction costs on housing, I can not use either Euler
equation approximation or policy function iteration. Hence I solve the model using
approximation of value functions.

31T normalize m* so that m*(X) = 1, which implies that m*(x) is the fraction of people alive that
are in a state x.
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To compute the steady state of my model, I first discretize the income process into
7 points following Tauchen and Hussey (1991). The state space for owner-occupied
housing and asset holdings are discretized into 150 and 300 unevenly spaced grids,
respectively. The upper bounds on the grids are chosen to be large enough so that
they do not constitute a constraint on the optimization problem. Using these grids I
can store the value functions and the distribution of households as finite-dimensional
arrays.

I solve the approximated optimal consumption and saving plans recursively. House-
holds surviving to the last period 7" have an easy problem to solve. Based on the period
T policy functions, I solve the consumption and saving decisions that maximize the
period 7" — 1 value function. The same procedure is carried back until decision rules
in the first period are computed for a large number of states.

I solve for the steady state equilibrium as follows:

1. Given an initial guess of interest rate r, use the equilibrium conditions in the
factor markets to obtain the wage rate w.

2. Guess the size of accidental bequests.

3. Set value function after the last period to be 0 and solve the value function for
the last period of life for each of the points of the grid. This yields policy functions
and value function at the last period.

4. By backward induction, repeat step 3 until the first period in life.

5. Compute the associated stationary distribution of households by forward in-
duction using the policy functions starting from the known distribution over types of
age.

6. Check whether the associated accidental bequests are consistent the initial guess.
If so, continue to step 7. If not, go back to step 2 and update accidental bequests.

7. Given the stationary distribution and prices, compute factor input demands and
supplies and check whether market clearing conditions hold. If all markets clear, an
equilibrium is found. If not, go to step 1 and update interest rate r.

8.5 Calibration

I calibrate my model following Cooley and Prescott (1995) and Diaz and Luengo-Prado
(2006). I use data from the National Income and Product Accounts and the Fixed
Assets Tables for the years 1957-2001. In order to properly calibrate a model with two
assets and without government taxes and expenditures, I make some imputations.

In measuring labor’s share, first, I remove income from the housing sector and
the government sector from National Income accounts. Then I define private labor
income, Y, as compensation of employees, unambiguous capital income (UCI) as
rental income, corporate profits and net interest, and ambiguous capital income (ACT)
as other income excluding employee compensation, UC'I, and depreciation. Thus total
private non-housing income Y, is the sum of Y,,;, ACI, UCI, and depreciation. Private
capital income Y, is defined as UCT + depycr + a - (ACI +depacr)=ca - Y,. The share
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of capital is calibrated as
(20) o = (UC’I—{—d@pUC’])/(Yb—ACI—d6pAC]).

To explicitly consider the existence of residential housing I subtract rental income
from residential housing from GDP. I add to GDP the imputed flow to government
capital, Y. I define measured GDP as the sum of final expenditures

where total non-housing consumption expenditure C' is the sum of private expendi-
tures and services excluding housing and government consumption expenditures. The
variable Ij, includes total private residential investment. The term I is the sum of
private nonresidential investment, change in private inventories, net exports of goods
and services, and government gross investment. The variable K is private fixed non-
residential assets, government fixed non-residential assets and inventory. The term H
includes private fixed residential assets, government fixed residential assets and inven-

tory.

I compute an average share of capital a = 0.263, an average capital-output ra-
tio % = 1.8624, an investment-capital ratio %“ = 0.1624, a housing stock to out-
put ratio % = 1.1900, an investment-housing stock ratio % = 0.0420, and a non-
housing consumption-output ratio % = 0.7876. The implied depreciation rate is
o = % —n—g = 0.0592,0" = %‘ —n — g = 0.014. Interest rate net of deprecia-

tion in a steady state is r = aX — 6* = 8.2%.

8.6 Distribution of Consumption

Moving beyond mean consumption, Figures 13 and 14 plot non-housing and housing
consumption for homeowners at the mean level and at each quartile, respectively.
The benchmark economy generates hump-shaped non-housing consumption at each
quartile. We also see that mean consumption is higher than the median at each age,
indicating that the distribution for each age group is skewed to the right. There is an
increase housing stock early in life and a flat portion later in life at each quartile. The
distribution of housing consumption in each age group is skewed to the right. All of
these features are consistent with the data shown in Figures 2 and 4.

Figure 15 plots non-housing consumption for renters. As in Figure 1, we see that
mean consumption is higher than the median at each age, indicating that the distri-
bution for each age group is skewed to the right. In the model, mean non-housing
consumption is even higher than the 3rd quartile. This occurs because renting shocks
are independent from household characteristics, forcing some rich households to be-
come renters and add their high consumption to the mean.
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