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Abstract

Households who wish to extract home equity through refinancing their nyerfgae a hidden
transaction cost. The real value of the fixed nominal mortgage paymeinieteover time with
inflation. The change in the real value of the mortgage payments from takiaghew mortgage
is positive and an increasing function of inflation; higher inflation thus distges households
from re-balancing their portfolio as frequently as they would otherwislee I[ife cycle model
developed in this paper demonstrates how the share of total wealth heldsindp@isensitive to
the rate of inflation, even when perfectly anticipated. Households holdrlasitions in home
equity earlier in the life cycle and smaller positions later in the life cycle as the féatdation

increases.

*Comments are welcome at: Joseph.B.Nichols@frb.gov. | avtiké to thank John Rust,
John Shea, Anthony Yezer, Michael Pries, Shane Sherlunithjdém Johnson, Andreas Lehnert,
Michael Highfield, Gregg Forte, Karen Dynan, Julie Holt-Bgkand Carolyn Aler for their com-
ments. | would also like to thank seminar participants atAheerican Real Estate and Urban
Economics Association, Econometric Society, Financiahdgement Association, and Board of
Governors of the Federal Reserve System. Financial sufmoont the University of Maryland
Population Center Seed Grant, Economic Club of Washingtmt@al Research Fellowship, and
Department of Housing and Urban Development Doctoral Diaen Grant is gratefully ac-
knowledged, as is computing resources from the Pittsbupgi®omputing Center. The analysis
and conclusions expressed herein are those of the authdoarat necessarily represent the views
of the Board of Governors of the Federal Reserve System er atembers of its staff.



1 Introduction

Housing wealth represents a significant share of most holdetotal wealth.
Flavin and Yamashita (2002) used the Panel Study of Incomm@abrcs to show
that among homeowner households with a head between 18 apdag® old,
67.8% of their portfolio is in their home. A common explawatior this concen-
tration is that private homes are “lumpy” assets and houdsHace significant
transaction costs in extracting home equity through retimantheir mortgages.
Generally, these transaction costs represent loan feg$préees, and the time
cost associated with the transaction. This paper explohesden, yet significant
potential further source of transaction costs associatédmortgages with fixed
nominal payments, and then shows how this cost is sensdiweflation, even

when that inflation is perfectly anticipated.

Those who examine the effects of inflation on the real macoaay com-
monly assume that prices are “sticky.” Sticky prices areallgtiaken to be wages
controlled by long-term contracts and prices of goods amdices. These ex-
amples overlook perhaps one of the stickiest of prices: éearring payments
specified in many mortgage contracts, which are fixed in nahtérms for up to

thirty years, regardless of changes in the level of inflation

A key price held constant for so long has important effectsheninvestment
behavior of homeowners over the life cycle. Given inflatithe real value of a
fixed nominal mortgage payment declines over the life of atgaye contract,

while the payment on a new comparable mortgage paymentisesdn line with



inflation. The gap between the old and new real mortgage patydoes not de-
pend on higher mortgage interest rates or larger real mgetgalances, but are
a direct result of the declining real value of the fixed norhmartgage payment
from the original mortgage. This hidden transaction costsalirages households
from more frequent re-balancing of their total portfolio Blifting assets from

home equity into financial assets.

With about 70 percent of homeowners having a mortgage on fingnary
residence (Bucks, Kennickell, and Moore, 2006), housingtiwveannot be real-
istically modeled using a single state variable, as canihgsdof a standard risky
or risk-free financial asset. The model must also allow fertdrms of the mort-
gage contract. The second section of this paper describdstisehold’s choice
where housing wealth is assumed to consist of three cortheot@ponents: an
asset, a liability, and a contract for a stream of recurriagnpents. In a standard
fixed-rate self-amortizing mortgage, the recurring paytséor the principal and
interest are fixed at a nominal level for the life of the loarereas the real value
falls. | show that under certain specific, but not terriblpding, assumptions, a
household who later refinances at the same mortgage intatestwill face an

increase in the real value of the recurring mortgage payment

Starting in the third section of this paper, a detailed p&eqguilibrium life
cycle model with an explicit mortgage contract is developgte model captures
household saving and consumption decisions over the Ide oy an environment
with several important features of the U.S. homeownersyspesn. In particular,

it allows for a transition in tenure from renter to owner, &od households to



increase or decrease their consumption of housing by wagirto a larger home

or trading down to a smaller home. Households also have sa¢oes standard

thirty-year fixed-rate self-amortizing mortgage to pusthgheir homes and have
the opportunity to tap their home equity through refinan¢hear mortgages. This

paper does not represent a serious attempt to formallyratdil model of housing

wealth or to estimate the maximum likelihood parametersuochsa model. The

goal is rather to see how closely the model can match cettidinesd facts while

using fairly standard and common parameter values usee iretated literature.

The model’s solution is used to demonstrate how an inflagda that is per-
fectly anticipated and unchanging over the life cycle ae¢be household’s port-
folio allocation by increasing the transaction costs aisged with shifting assets
from housing to financial assets. The model is solved foedsffit inflation rates
and also for a case in which the mortgage contract is in rekhatnominal terms.
The results suggest that, the higher rate of inflation (#awhen the hidden cost
to refinancing is higher), households hold larger positiartsome equity earlier
in the life cycle, and smaller positions later in the life lycThe results also help
explains why retired households hold such a significanti@ouf their wealth in

housing.

2 Theoretical Model

This section lays out the theoretical justification behine main conclusion

of the paper: the nature of a standard fixed-rate mortgagegacbnmplies that



the cost of re-balancing a household’s portfolio betweensimg and financial
wealth is an increasing function of inflation, even when théiation is perfectly
anticipated. The assumptions underlying the theoremspted in this section
are that the household invesig of their total wealth at tim®, 11/, in a financial
assetd,, and uses the remaindér;- o, as a down payment on a house. Given a

required down payment rate pf the value of the housé is =200,

Theorem 2.1. As long as the total return on housing over the holding period
is positive, the share of wealth held in the financial asset déltline over the

holding period.

Proof. After ¢ years the value of the financial portfolio, the house, andehin-

ing mortgage balance are respectively,

Ay = agWo(l +n,)

1 — ag)W,
P = (Mﬂ(“ﬂh)t

b= () ()

where(1 + n,)" and(1 + n;,)" are the total rates of return on the financial asset
and housing over the holding periadjs the mortgage interest rate, ands the
inflation rate. Note that the mortgage balance is in nomieahs, and must be

adjusted using the rate of inflation.



The new value of the portfolio share of the financial asset is
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The balance on a self-amortizing mortgage begins at thergjaralue of the

loan and slowly trends to zero over the life of the mortgageer&fore,
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=1, when t=0



and is decreasing ih

Therefore,
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The first term on the right-hand side of the inequality ab®véhe total re-
turn on the financial asset discounted by the fraction ofrit&al home value the
household puts up as a down payment. The second term is lsbabdee by the
initial loan-to-value ratio, and is decreasing over timethe household forgoes
mortgage financing, and pays the full home value up-frante( 1), the above
condition holds only if the total return on housing is gredkan the total return
on financial assets. At the other extreme, if the househdisl pormoney down
(+ = 0), the condition holds if the total return on housing doesfabbtbelow the
rate of amortization. This conclusion is hardly countduitive. Given that power
of leveraging granted by the mortgage combined with the mmggpaying down
of the mortgage balance, households will over time slowlgrease the share of
their wealth in the financial asset and increase the shadarmbabme equity over

time.

The key contribution of this paper, as laid out in the follog/theorem, is that
the costs associated with extracting accumulated homeyeiguan increasing

function of inflation.

Theorem 2.2. A household that refinances its existing home in order tcalesice
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its portfolio between home equity and financial assets wik flaigher real mort-
gage payments as long as the total return on the financialtakses not exceed

the leveraged total return on housing.

Proof. After ¢ years the household refinances its house, and(putsag)(A; +

P, — D,) back into home equity. The new mortgage balance is
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The real value of the previous mortgage payment is
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and the real value of the new mortgage payment is

vDy
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The ratio of the new mortgage payment to the old can be wrésen
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The term,%, represents the leverage-adjusted total return on housing

These theorems do not hold when housing generates a regumificgintly below

that of the risky asset or when the amount of leveraging ig serall. If when

extracting their home equity, the household puts less baokiome equity, either

because they are trading up to a larger home or they whichdp Keeir LTV



ratio, i, constant, the gap between the real value of their new andoltage

payments is even greater.

Corrolary 2.3. The size of the increase in the real mortgage payments upgtyeq
extraction is an increasing function of inflation as long be total return on the

financial asset does not exceed the leveraged total retutroosing.

When we differentiate the change in the mortgage paymentldjynflation

rate,, we find that,

d {MM} _tA 4 ) " ao((L )" — p(1 +ns)")

dr | M, 1—pn
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(14 ) . d [ M,
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=i kv

0

The theorems laid out in this section support the argumeaithbuseholds
face a significant transaction cost of extracting their heopdty that is tied to the
fixed nominal nature of the mortgage payment. In additiois, tfansaction cost
is an increasing function of inflation. This result holds Wie or not the inflation

is expected or unexpected.
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3 Simulation Model

The structure of the model was chosen to highlight the effe€tmortgage
contracts on the evolution of housing wealth, via its efemh the transaction
costs for extracting home equity. The addition of an expliwortgage contract to
the standard model creates an additional layer of complexithe model, which
is embedded in the wealth transition rules. To accommodtiédeatiditional com-
plexity and keep the model tractable, several importanirapsions are required
and are discussed in detail below. This section deals orlly thie aspects of
the model and the underlying assumptions that differ froas¢hof the standard
model. Appendix A provides a more extensive discussion@htibdel, and Table

B-2 in Appendix B lists the model parameters and their de@ingi

One approach to modeling the role of housing wealth over adtonld’s life
cycle is to develop a simple model that captures only a fe@®itost important
aspects of housing as an investment good. Papers such as {20®1) and
Ferrandez-Villaverde and Krueger (2001) follow this approadime advantage
of such models is that many can be solved analytically or elade in a general
equilibrium framework and solved numerically. The primdigadvantage is that
many have relatively narrow scopes. A second approach,lasaimd Yao (2004)
and Hu (2002), is to sacrifice simplicity for a more complezhpartial equilibrium
model that can be solved numerically using stochastic dymprogramming. An
advantage of this more complex type of model is that it pressammore realistic
picture of the role of housing wealth over the life cycle. Theadvantage is an

upper bound on the model’s complexity, beyond which thetgmiuimes are no
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longer tractable, although parallel processing in a ghigter or super-computer
environment can extend this upper bound. The complexith@itodel requires
that great care be exercised in presenting the results anently precludes the

option of embedding the model in a general equilibrium frevmr.

This paper pursues the latter approach, specifically usohgnamic stochas-
tic optimizing framework for the household based on that irstRand Phelan
(1996). Rust and Phelan set up and solve a dynamic progranpnaidem of
labor supply with incomplete markets, Social Security, Mwetlicare. The dy-
namic programming problem in their paper is solved by makireggcontinuous
state spaces discrete and then using backward recursi@veofser the optimal
value of the continuous choice variable at each point onttte-space grid. The
detailed rules governing the determination of Social Sgcand Medicare ben-
efits are embedded in the income-transition matrix. The inodkis paper has
a structure similar to those in Rust and Phelan and in Li and ivathat it em-
beds the detailed characteristics of the mortgage contréicé income-transition
matrix; the significant innovation of the model is its indgtus of an explicit mort-
gage contract. In the main version of the model inflation espnt but is constant
and perfectly anticipated. The goal of the paper is to shat ¢ltien under this
strict assumption about inflation, optimal portfolio akkdion differs under differ-

ent levels of constant inflation.

The remainder of this section discusses the complicatidnsduced by inclu-
sion of the mortgage contract. The sections of the modeldbaiot significantly

differ from those in other papers are discussed in Appendix A
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As noted, households can store their wealth in a real assptihasing a
house. In the model it is only through the purchase of a harskthe acquisition
of a mortgage loan, that households can borrow againstfiiteire income. The
model’s use of durable goods as collateral is in the samé apiin Fer@ndez-
Villaverde and Krueger (2001). The only mortgage contraatiable to the house-
hold in this model requires a 20 percent down payment, hasradgkthirty years,
and requires mortgage payments based on a fixed interestnatie size of the
original mortgage. The mortgage balance and the mortgagmeya are both in
nominal terms, while the rest of the model is in real termsus&holds purchasing
a home are also required to pay a transaction cost equal tert@ng of the value
of the home. This cost represents realtor’s’ fees, creditks, and other expenses

associated with the purchase.

To completely model the effects of a fixed-rate mortgage diverlife cycle
one must keep track of four additional continuous stateatsdes: (1) the current
value of the home, (2) the current balance of the mortgagethlevel of the
fixed mortgage payment, and (4) the share of the fixed mortgagment that
is deducted from the outstanding mortgage balance in a gigan Because the
value of home equity is the difference between the value ®hibme minus the
remaining balance on the outstanding mortgage to measurty,eane must track
both the value of the home and the mortgage balance. Theenaftthie mortgage
contract complicates what would be a logical approach fmking the mortgage
balance, the addition of a continuous state variable. Itiqudar, the principal

paid on a self-amortizing mortgage is a function of the agaé®mortgage. Initial
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payments are almost completely composed of interest, amdirnthl payments
on a thirty year mortgage, on the other hand, are almost aeiplprincipal.

This process is modeled by including the mortgage age aseetisstate variable
with thirty-one discrete values and imposing a strict dtriceson the evolution of
the price of housing. The fact that the mortgage balance amthage payment
are in nominal terms provides an additional motivation fasluding the age of
the mortgage in the state space, as the real values of thgagerbalance and

payment decline steadily over the life of the mortgage beeai inflation.

Many factors in the model are conditional on current houseamyire, such as
the cost of housing services which includes rent or mortgayenents and main-
tenance costs, the level of utility derived from housing] #re change in wealth
associated with the appreciation in home values. To reche@amber of state
spaces, households choosing to own are limited to buyihgrea small or a large
home. The size of a large home is assumed to be twice that oaklsome. The
real price of housing has a positive trend over time. It isiasd that the price
of rental and owner-occupied housing evolve at the same Haobene prices are
further governed by two assumptions: (1) the purchase potdoth small and
large homes increase deterministically by the averageaser in market price in
each period and (2) the value of homes that have already heehgsed changes
according to a stochastic process, with the expected iserequal to the non-
stochastic increase in market price. A significant resuthese two assumptions
is that a household that has had a series of periods of abvevaege rates of ap-

preciation will own a home worth more than the market valua @omparable
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home, whereas a household that has had a series of periddbelawv-average
appreciation will own a home worth less than the market valug comparable

home.

The primary motivation for the two assumptions is a need tagrobthe num-
ber of state spaces. The mortgage payment paid by a houseitioldry accord-
ing to the size of the house and its purchase price. By assuth@ighe price
of new housing is deterministic and by including as statéatées the age of the
mortgage and size of the existing house, we are able to defthdlie level of the
mortgage payment and the remaining mortgage balance astéfunf these state
variables. Another advantage of using this process to ntbdedvolution of both
market and household-level home prices is that there isfigignt cross-sectional
variation in home appreciation. In effect, the model forkesseholds always to

buy the average-price home, regardless of their own rebpree appreciation.

The effect of steadily increasing home prices providestaranotivation for
the inclusion of the age of the mortgage as a state variabde.e¥ample, be-
cause of the steady increase in home prices, the initialgaget and the related
mortgage payments on a given home today would be significgreghter than the
mortgage on a similar home twenty years ago. As the modelslbvg provides
a disincentive for older households to move or refinance.

The model’'s design allows households to choose their cuo@msumption,
their savings, their savings allocated to risky assets pss®l to a risk-free as-
set, the type of housing they occupy, and whether to refinimeie mortgages.

Households face uncertainty in the returns on risky assetdhrausing, the prob-
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ability of surviving, and income through a transitory shodkcome also has a
deterministic component that is a function of age. The maugldes moving,
maintenance, and transaction costs. The model also irethdeoption to default

on a mortgage and the costs of doing so.

The model is solved given the terms of a traditional thirtgykexed-rate mort-
gage contract. The values of nonstructural parameters,asueturns on different
types of assets, the survival probability, mortgage teand,the income process,

are taken from historical data and are discussed in Appddix

3.1 Consumption of Housing

The housing choice in periad can take values associated with a rental unit,
i, a small homé,, and a large homg. Households may increase their mortgage
balances through the use of cash-out refinancing. The maesl ot currently
include home equity lines of credit as an option for withdrayvequity. The
number of housing units available to rent is continuous, reag the number of
housing units provided by small and large homes is fixed. Timeber of housing

units associated with the housing choiges defined by the functioh(i;).

Renters choose the number of housing units represented lsizdef the
rental unit so that the intra-period marginal utility of Ising is equal to the

marginal utility of nondurable consumption.

OU (¢, h(ir)) — OU(cy, h(iy))
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The optimal size of a rental unit that equalized the intrageemarginal utility of
housing to the marginal utility of nondurable consumpticelymow be defined as

a function of consumption:

(3.2) h(ir) = (6/(1 = ¢))ey

The parametep is the measure of preference between a unit of housing ard con
sumption, as defined in the utility function presented in &pgix A. As shown in
the equation above, the model implies thawill equal the share of total house-

hold expenditures associated with housing.

3.2 Price of Housing

The price per housing unit is the same across all types ofihgusarge homes
cost more than small homes because they provide more unitsusing. Rent
is proportional to the current market value of the home tkatars choose. The
value of owner-occupied units evolves stochastically, taedvalue of newly pur-
chased and rental units are set equal to the current deistimmarket price. The
formulas for the market value of home type P.(i;), and the housing wealth,

H, ., transition rule are as follows:
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(

Hy(1+74), b1 =4

(34) Ht+1 = Pt(it)a it+1 # itit+1 € is, ?:[
O, it—i—l - 'L.r
\
(3.5) o~ N(nw,07)

where F, is the price of a single unit of housing in period B;(i;) is the price

in periodt of the number of housing units associated with housing egjc,

is the realized rate of appreciation on housing in petiag, is the expected rate
of appreciation on housing; ant} is the variance of house price growth. Note
that the price of owner-occupied housing is allowed to ewalifferently from
the market price of housing overall in order to capture thesighcratic aspect of
housing returns. Note also that home prices are in real texorthe increase in the
market price of housing is not due to general inflation buteato a real increase

in the value of the house over time.

3.3 The Mortgage

The interest rate and initial term to maturity are assumeaktoonstant over time
and across households. The only variable determining thiégamge payment is
the price of the home price when purchased. The homeowrayim@nt changes
only when a new mortgage is entered into and that occurs ohgnvthe house-

hold refinances the mortgage or sells the house. A cash-fm#meing resets the
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number of years left on the mortgage. The formula for thevelaie of a mortgage

payment at time after; years on a house of typeis:

V(l — M)Pt—fit
(1= (14 v)7) (1 +m)

(36) Mt(it,lit) =

wherev is the nominal mortgage interest rateis the inflation rate, ang is the

required down payment.

Also the cost of housing services reflects the maintenarsts paid by home-

owners. As a result, the formula for the real cost of housargises is:

) Mt(ita Ht) + (SHt, it € 7:5, il
(37) Xt('lt, Rt) =

006Pt(@7), it - Z'r

whered H, is maintenance costs, which are assumed to be a percentageeit
home value. Rent is equal to 6 percent of the current markeewai the unit

being rented and renters pay none of the maintenance coskefproperty.

The present value of the homeowner’s home equity is the iuvedue of the
house minus the amount of the outstanding mortgage baldrevalue of the
house increases or decreases according to the stochasticor housing, and the
outstanding mortgage balance is a monotonically declifungtion of the age of

the mortgage. The formula for the real value of the mortgagjarize at time
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afterx, years on a house of typeis:
(3.8)

— K —30 . . .
) Mt<it, Ht)%, 1 € 16, and K¢ S 30
Dy (i, k) =

0, (i €i5,9; and Ky > 30) or (i =1i,)

The formula for the real mortgage payment is used to caletlke amount of
mortgage interest paid for tax purposes. The real values beuadjusted back
to nominal terms because the deduction is in nominal terrhe.fdrmula for the

mortgage interest deduction is:

(3.9) Ly(ie, ) = My(ig, ) (1 — (L +0)" ) (1 7)™

3.4 Net Change in Liquid Assets from Sale or Refinancing

The net change in liquid assets after paying transactiots @sl down pay-

ments for a homeowner moving in the next peried, < {i,,1s,4}, iS given
by

o Hy — Dy(iv, k) — pP(is1) — THy — X, i1 #
(3.10) Gt(ztaltﬂ,/ﬁ) =

0, lip1 = Ut

wherer H, is the transaction cosfy is the down payment rate, andis a fixed
moving cost paid regardless of which type of housing is beughased. When

the household chooses not to movig, { = ;), it has a zero net gain.
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The net gain in liquid assets after choosing to refinance agage is defined
as the sum of the difference between the mortgage balaneesaatl before the

refinancing and a fee for the transaction:

(1 = Q) Dy(it, keg1) — Dy, ki),  Kepr 7 ke + 1
(3.11) Zt(’% f€t+1> =

0, Kir1 = Kt +1

where( represents the share of the new mortgage accounted for knatisaction
costs associated with refinancing. Interest rates are aainst this model, so
there is no possibility of refinancing at a lower intereserathe only benefit of
refinancing is to extract home equity and use the proceedwést in financial
assets or to smooth consumption. When no refinancing ochesdt gain is
zero. When the household extracts cash by refinanéing,, ~:1) > 0. Only

households that choose not to move in a given period may eltoagfinance.

3.5 Default Penalties

The model contains a default penalty. In any period, the élooisl must be
able to cover its housing expenses, which, in the case oélsertonsists only
of the rent, and in the case of homeowners consists of thegaget payment
and maintenance costs. If a homeowning household fails ¥erats housing
expense, it must move in the next period into rental housmifarfeit all its home

equity and all its financial equity above some small nomimadant. Defaulting
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renters on the other hand must simply move to a new rental Hoitseholds that
can cover their expenses by selling their current house sinaoting their home
equity are allowed to do so. A household that can afford tee@ated transaction
costs may also avoid default through a cash-out refinanciddteerefore keep its
housing equity.

Current consumption of households that default is constchio equal the
small nominal amount of equity left to them after defaulteThastriction that,
may not be negative, combined with the definitionsXofi;, x;), Z;(kt, Kit1),
Gy(i, 7441, £¢) and the budget constraint, creates an upper bound on poksibls
of nondurable consumption and also rules out some posdioiees of housing
tenure. If the household cannot afford the down payment fargee home without

incurring negative wealth, it is not allowed to move to sudioae.

4 Baseline Simulation Model Results

The parameter values for the model calibration are chosdie toonsistent
with other models in the literature as cited above. The patanvalues for the
sizes of small and large homes are set so that they represspéctively, 80 per-
cent and 120 percent of the size of a median-priced home i0.199e share
of total household expenditures, including both rentex @mners, allocated to
housing expendituresg) is set to 0.2, which is the value in the 2001 Consumer
Expenditure Survey from the U.S. Department of Labor. Aplpef contains

more information on the values of the market parameters esfdqgnce parame-
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ters chosen.

The model is used to generate 10,000 simulations. Housghadresented
by a single household head, begin as renters with no assade 0. Households
retire at age 65 and have a maximum potential age of 80. Thelaions track

households accumulation of housing and financial wealth tbnar lifetimes.

Income among surviving households drops sharply at reéirgiwhereas the
path of consumption over the life cycle is much smootheru(@gd.1, panel A).
Younger households who are aggressively saving for a dowmeat consume
the smallest share of their wealth (panel B). Once housel@dsme homeown-
ers, their consumption as a share of total wealth climbsgipganear 16 percent
around age 30. As households approach retirement, theystaacumulate more
wealth, and consumption as a share of total wealth star&lfodaching a low of
9 percent at age 65 (panel C). In retirement, households dvaw their savings,
and consumption as a share of total wealth climbs again. ébtliset of retire-
ment the average household has roughly forty-five timesitsial post-retirement

income saved in both housing and financial wealth.

Housing wealth is hump-shaped, on average, over the life ©fche house-
hold, reaching a peak at age 65 and declining after age 70€fig@ panel A). The
brief plateau in the growth of housing wealth at age 50 is edixy many house-
holds either trading down to smaller homes or refinancing thasting mortgage
to ensure that their nominal mortgage payments are fixecdhéordst of their ex-

pected lives. Financial wealth over the life cycle is more sharply humped a

1This behavior becomes more apparent under several altersaenarios presented later in
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Average Total Wealth/Income

FIGURE 4.1: Consumption and Income
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Mean Value ($0,000) for Survivors in Cohort

Mean Share of Assets Held for Survivors in Cohort

FIGURE 4.2: Wealth and Portfolio Choice
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peaks at age 65 (panel B).

Panel A reveals that households use accumulated home égjtiitance their
consumption of nondurables only late in retirement afteirtreserves of finan-
cial wealth have been largely depleted. These results atg ¢@nsistent with
some previous empirical work. Venti and Wise (2000) fourat thousing wealth
was not in fact used to support non-housing consumptiony fdwend that house-
holds resort to their home equity only when faced by a sigmificshock such
as the death of a spouse or a serious illness. Similarlyn8hand Weil (1992)
found that anticipation of illness or death significantlgneases the probability
that households will reduce their home equity. However pitesent model does
resultin a more rapid decline late in life in housing wealithrt previous empirical
studies have shown. The model’'s omission and retiree lalpply might explain
this failure. In particular households might view their equity as an important
source of savings to tap when faced with a serious healthksdrad be unwilling
to extract that equity in the absence of such a shock. Theg @oid consuming

their housing wealth by continuing to work after retirement

The simulated mean share of assets held in housing for sugvinousehold
heads between the ages of about 35 and 65 is consistentlyl@gercent, (fig-
ure 4.2 panel C). The housing share is high among young holasehdho must
invest a large portion of their savings in a down payment. Aarfcial wealth

grows faster than housing wealth, the housing share fatisdmewhat climbs

the paper. It is to a large degree a product of the specific huedégn, specifically the interaction

of the thirty-year mortgage with the maximum age of the hbokis set at 80. In the absence of
these restrictions, households would still attempt toKlo€’ their nominal mortgage payments

prior to retirement, but this activity would not be clumpedéther at age 50.
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Fraction of Survivors in Cohort

Average Ratio of Loan—to—Value of Home

(a) Simulated Homeownership Rate

FIGURE 4.3: Housing Tenure Choice
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again. The jagged nature of the curve reflects a companativedll number of
simulations. The housing share climbs in retirement, aséloolds draw down
financial wealth before they extract home equity becauskeofransaction costs.
This behavior can explain some of the “over investment” insiog seen in the
empirical data, as reported by Flavin and Yamashita (2002g implication is
that some degree of over investment in housing can arise esu#t of the mort-
gage contract rather than any suboptimal behavior by @amaticonsumers. Note,
though, that the degree of over-investment implied by thelehas below that
seen in the data; Flavin and Yamashita find the mean shar¢abbssets held in

housing to be 67 percent.

Regarding the allocation of financial assets over the lifdegymoung house-
holds — who are focused on saving for a down payment or alrbadg a large
share of their wealth in housing — invest less in risky finahassets and more in
the risk-free asset (figure 4.2 panel D). Older househokistave their allocation
weighted to less risky financial assets, but in their casalmxthey have drawn
down their financial wealth relative to their housing wealthe share of the finan-
cial portfolio invested in risky assets peaks around aggusd when households

start to actively shift their total portfolio away from horequity.

The model results also document other housing decisions theelife cy-
cle. Homeownership increases rapidly for younger housishahd declines very
slightly in retirement (figure 4.3 panel A). The share of homeers living in
larger homes has a similar contour with a considerable drage 50 (panel B),

as households trade down in retirement to access housinghwedinance con-
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sumption.

The sharpness of the decline at age 50 results largely frencdimbination
of the thirty year term of the mortgage and the assumed maxirage of 80
and thus should not be taken too literally. In particularpb@tyears old, many
households take advantage of the thirty year mortgage thultl constant their
nominal mortgage payments for the rest of their lives. Thesgseholds will
continue to receive a constant stream of utility from themie, the real value of
the mortgage payments will fall because of inflation. In effén buying a home
at age 50, households are purchasing an annuity from whelstteam of real
payments — the difference between the implicit rent and ¢a¢ mortgage cost
— will increase with time and be at its highest during retiesftnwhen income is
at its lowest. This hypothesis is supported by results franukations where the
term of the mortgage is varied (figure 4.4). When the mortgaga ts shortened
to twenty years and the retirement age remains at 65, honerewlelay the shift
to smaller homes to age 60. The results are not sensitiveetotltnging of the
retirement age; in particular, when the retirement age isrébthe mortgage term
is thirty years, homeowners still shift to smaller homesga 80. Thus proximity

to retirement can be ruled out as a factor.

Panel C shows the path of the loan-to-value ration over taeclicle. At the
time they purchase their homes, households are requireavi® dloan-to-value
ratio of 80 percent (panel C). They then pay down their moghgough the reg-
ular amortization schedule and the average loan-to-valtie falls. The average

loan-to-value ratio seems to stabilize at 10% before cimglate in retirement in
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FIGURE 4.4: Why Trade Down at 50?
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response to a surge in cash-out refinancing. This surge cseelmein Panel D. In
addition, younger households and those that have just asechtheir homes take

advantage of refinancing to re-balance their portfoliossamdoth their income.

5 The Effects of Inflation on Portfolio Allocation

This section shows how portfolio allocation across thedifele changes with
different levels of inflation. The model is re-solved forfdient levels and cor-
responding sets of simulations are generated. Settingnfladion parameter to a
higher level simulates the effects of high inflation, andisgtit to zero simulates
the effect of mortgage contracts that are real rather thammad. The levels of
wealth accumulation, housing demand, refinancing actigitgl portfolio alloca-

tion under each alternative assumption are then compaitébe toase case.
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FIGURE 5.1: Rent and Mortgage Payments
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The presence of nominal mortgage contracts effectivelyssthie real costs of
home ownership forward over the term of the mortgage (figutg Fhe fact that
the real value of the mortgage payment declines over thefitae mortgage is,

of course, factored into the original mortgage rate.

Figure 5.2 and 5.3 show how portfolio allocation and housieghand dif-
fer under different inflation rates. Under the zero-inflatecenario (the red-
dotted lines) the transaction costs facing household@aacing their portfolios
are significantly reduced. Households, especially youhgeseholds, hold less
housing wealth. A common strategy in the presence of laayeséction costs for
durable goods is for a household to “over-buy,” that is bugrgér house than they
would otherwise, knowing that they would be unable to easigdjust their level
of housing consumption later in the life-cycle when they Imigctually want a

larger home. With zero inflation reducing the transactiostgothere is signifi-
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Fraction of Survivors in Cohort

FIGURE 5.2: Wealth and Portfolio Choice
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cantly less of this “over-buying.” In addition, we do not elpge the sudden shift
towards smaller homes at age 50 seen in the base case, frealthalue of the
mortgage payment is no longer declining, and householdslgss of a benefit of

locking their mortgages prior to retirement.

The results from the high inflation scenario (the green )iaes a mirror image
of those from the low inflation scenario. Now that the tratisaccosts associated
with extracting home equity are higher, households relealaneir mortgage less
frequently, resulting in an increase in housing wealth thgidhe young and very

old and a decrease in housing wealth held by the middle-agéearly retirees.

The sudden shift towards smaller homes at age 50 is even momneynced
under the high inflation scenario, as the benefit of lockiregrtmortgages prior
to retirement is greater with higher inflation. Many houddaattempt to trade-
up just prior at age 50, knowing that if they get several pasiincome shocks
they would be able to afford the higher real mortgage paysjemhich would
gradually decline over the life of the mortgage. When they aloreceive positive
income shocks, households in this model trade down bechagddar they will
not be able to make the mortgage payments once their incdlesénfaetirement.
During periods of high inflation, mortgage contracts witletbnominal payments
are especially attractive to households. During the prifrther earnings years
(their 50s) the real mortgage payment is high. The real ragggpayment then
falls rapidly during retirement, just when their incomeaafalls. As discussed
above, nominal mortgage payments allow older householslsitithe expense of

housing forward to earlier years to ensure their abilitydasume housing later;
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the higher the rate of inflation, the greater the benefit toado s

6 Conclusion

The model developed in this paper demonstrates the way iohagerfectly
anticipated inflation, even when reflected in the nominadriedt rate on mort-
gages, can distort the household’s portfolio allocatioerathe life cycle. A
standard thirty-year fixed-rate nominal mortgage contresilts in declining real
mortgage payments. The longer a mortgage is held, the grémgtalifference
between the household’s mortgage payment and the paynreatnfiortgage re-
financed in the current period. This widening gap discowsdgriseholds from
shifting assets from home equity to financial portfolios. Whalibrated using
commonly accepted parameters, the results can explaiasitdeme of the “over-
investment in housing” documented in the earlier literatand also help explain

why retired households hold such a significant portion oirtiwealth in housing.

Inflation distorts the household’s portfolio allocation inyroducing a hidden
transaction cost through its effect on the real value of tkedffhnominal mortgage
payment. When inflation is high, the gap in the real value ofva mertgage and
an existing mortgage is larger, and households rebalartepbrtfolio between
home equity and financial assets less frequently. When imflédilow, household
find extracting their home equity to be cheaper, and thesefioore frequently

rebalance their portfolio.
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Appendix A - Detailed Partial Equilibrium Life
Cycle Model

This appendix provides a detailed description of the plaetgilibrium
life-cycle model used in this paper. Aspects of the model sigmificantly differ
from the basic model used in the literature are discusseukimiain body of the
paper.

The household’s optimization problem is to maximize lifei utility, defined

as:

(A-1)
EY " B'pU(ce, b)) + 81 = p) (0aUp(Ar) + 04 Up(Hy) — OpUp(Dy))

t=20

st. ¢ > 0,Vt=20,...,80

(2 “hlin) )™
1—\

(A-2) Ulc, h(iz)) =

(A-3) U B(b) =

where

e ¢, represents the consumption of nondurables;

e h(i;) represents the number of units of housing services consugiezh
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the housing tenure choice in periodnote that while the number of units
of housing services consumed varies with tenure choiceytihy gained

from a unit of services does not vary);

e A, H,, and D, are the values of financial assets, home, and mortgage debt

left as bequests, respectively;

e [ represents the discount rate;

p¢ is the survival probability;

¢ represents the measure of preference between a unit ofnigoaisd con-

sumption;

A represents a measure of risk aversion; and

04,05, andd,, represent parameters associated with the utility of leavin

bequests.

A household lives at most 60 years from age 20 to a maximum @f88g The
utility of bequests is treated as separable to capture thaility associated with
negative as well as positive bequests. It faces uncertalmwyt its survival, tem-
porary income shocks, and the rate of return on both housidgiaky assets. In
addition to the stochastic elements for income and the rfatetorn on risky as-
sets, the households may experience additional shocks.al grabability exists
that the household will experience unemployment in oneopereducing income

to zero. Also, a small independent probability exists ofatkstmarket crash, in
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which case the household will lose 100 percent of its investnn the risky fi-
nancial asset. The probability of a stock market crash islditeon to the regular
standard deviation associated with the stochastic ratetafr on risky assets.
The inclusion of this additional shock is required in ordepérsuade households
not to hold financial portfolios consisting entirely of nsssets. The price of the
consumption good is set equal to unity and the rental pri¢easing is set equal
to a constant ratio of the underlying price of the housing.urtie inflation rate is

constant, positive, and known.

Households begin at age 20 as renters with no savings. Tiness hiave no
financial wealth and no housing wealth. In each period, adimld receives a
draw from an age-dependent income process. The model nsraly transitory
shocks. In retirement, pension income is set to 60 percettieotieterministic
portion of income at age 65. Pension income is still subgdtansitory shocks

representing uncertainty regarding medical costs.

Households can store their wealth in two different clasdesseets: finan-
cial and real. The household’s financial assets are held ortéopo of risk-free
and risky assets. The household can costlessly rebalaméieancial portfolio
between risk-free and risky assets in every period. Houdslwith zero wealth
face a binding liquidity constraint for financial assetshattthey cannot borrow
against their future income. The only way to effectively loar against future
income is through a mortgage for which the household meetgdlwn payment
and income requirements. Households also cannot purciesmged portfolios,

in which they borrow at the risk-free rate to invest more gkyiassets. In addition
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to moving to one of the three types of housing, a rental up)it& small housei(),
and a large housé,], the household can also decide to stay in its current home,
{it+1 = 1;}. Households may add to their mortgage balance through matsh-

refinancing.

The transition rule for the level of financial wealth is defirees:

(A-4) A = (1 4+ (1 = y)(ars, + (1 —ar)r))
X (A — o — Xi(ig, 5¢) + Gy, tea1, Ke) + Zie(Ke, Ket1))
+ (1= y)ecrs +v1(i, k)
st. A1 >0

OgOétgl

where

e A, is the level of financial assets in periad

e A, is arandom variable that depends on the stochastic ratdéusfiren
risky assetsi(;,) in periodt and the realizations of earnings () in period

t+1;
e o is the share invested in risky assets in tilme
e 1 is the deterministic rate of return on risk-free assets;

e X,(i, ) is the housing cost, that is the rent, or the mortgage plus-mai

tenance and taxes, incurred in periofibr a household currently choosing
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tenure type; with a mortgagex, years old;
e [,(is, k¢) is the mortgage interest paid;

o G,(iy, 111, K¢) is the net gain, that is, the proceed or cost from a housing
transaction including the realized capital gain or lossnfra sale and the
down payment and transaction costs from a new purchase Household

choosingi; this period and,,; next period;

o Z(ky, key1) IS the net gain, that is, the value of home equity extractest af

transaction costs, from cash-out refinancing; and

e v is the tax rate on income and capital gains (note that botbnecand
capital gains have the same tax rate and that taxes on cgaitel are paid

immediately).

The net gain from a home sale is tax free and the mortgageestitpraid is de-
ducted from taxable income. Both housing expenses and thardgrabthe mort-
gage interest deduction are functions of the current hgusimice and the age
of the mortgage. Refinancing is modeled as a choice to incteaseemaining
number of years on the mortgage, or inversely, to shortercuh@nt age of the
mortgage. The model allows only cash-out refinancing and do¢ allow pre-
payments. The age of a mortgage for a rental unit and of a exgetthat has been

paid off is zero.

Households receive their wages at the same time they raakzesturns on
their investment from the previous period. As a result, tiagesvariableA; rep-

resents all available cash on hand, consisting of previmandial wealth and
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current income. The income process is defined as a detetimifuisction of age

plus a transitory shock:

(A-5) log(e;) = o + Uit + hot? + ¢

e ~ N(0,0.)

The real rate of return on risky assets is a random varialiletive distribution

(A'G) Tsy ™~ N(nsv O-E)

where, is the expected real rate of return on the risky assetaiglthe variance.
The household’s optimization problem is to choose var@hley;, i, 1, k;,1 given
a series of state variablesx,, i;, A;, H; to optimize equation (A-1) given equa-
tions (A-2) through (A-6). The household has only one choicmortgage con-
tract, with a fixed down payment rate. The choice variable captures the
ability of a household to cash-out home equity by refinaneind thereby reduce

the effective age of the mortgage.

The value function of the household is the maximum utilibhject to the de-

fault constraints of the value functions for the househtidschoose next period’s
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tenure typet+1 € {Z.Ta i87 ilv Z.t}:

(A'?) At — Xt(ity /ft) <0 &

At — Xt(ity '%t) + max (Gt(it, it+1) + Zt(/ﬁt, /{H_l)) > O =

T41,Kt+1

V;,(it,At, Htw‘ft) = max Vtml(itH,At, Htw‘ft)

G170 or Ky 17Kt +1,c 00

(A'8) At — Xt(ih K,t) <0 &

At — Xt(ita K/t) 4+ max (Gt(ita it—&-l) + Zt</{/t7 l‘f,t_t,_l)) < O =

Tt 1,Ke41

Vilie, Ae, Hy, ki) = U(w, h(ir)) + BpeVi(ir,w,0,0) + 5(1 — pr)0aUg(w)

(A'g) At — Xt(it, K?t) > 0=

Vt(itaAth; Kvt) = max Vftﬂ(im,At, Hy, Kvt)

t41€{ir0s,01 },Ct 00 Kt 4+1

wherew is the amount of consumption and wealth protected in defeartt cred-
itors. Equation (A-7) is the value function when the housdékaecurring hous-
ing expensesX;(i;, ), are greater than its available liquid assets,and its
net equity after selling or refinancing its home is positivie, — X;(i;, k¢) +
Maxi, , , w1 (Gilie, lep1) + Zi(ke, k1)) > 0. Faced with this constraint, the
household must either mové, ; # i, or refinancex; 1 # k; + 1. Equation
(A-8) is the value function when the household cannot cagaeicurring housing

expenses out of its liquid assets and its net equity afténgedr refinancing the
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home is negative. This household must move to a rental iynjt= 7., and have
both its consumption and remaining wealth limited«to Equation (A-9) is the
value function when the household can cover its recurringsing expenses out
of their liquid assets. The only limits to their choices drede embedded in the

constraints in equation (A-4).

The value function conditional on next period’s tenure cbai, ; is
(A-10)

max U (¢, h(it)) + BpiVilipsr, Arvr, Hipr, 1)
et for
+ 6(1 - pt)(eAUB(At> + QHUB(Ht) — QDUB(Dt)),
max U(c, h(it)) + 5,0tvt<it+1, Appr, Hepq, 1)
Ct, 0t K41 fO?“

| + B(1 — p)(0aUp(As) + 0uUp(H;) — 0pUp(Dy)),

‘/;JiH_l (ih Atv Ht7 K/t) —

such that equations (A-2) through (A-9) hold.

The code used to solve this problem was written in C. One swolati the prob-
lem initially took roughly two weeks on a dual processor RentXeon 1.8GHz
with 512K L2 cache and 1GB of RAM running Linux. In order to irope upon
the run-time, the code was rewritten to take advantage @llpaprocessing, us-
ing the Message Passing Interface (MPI) standard. In tmgoreof the code one
processor is designated the master while a pool of otheepsacs are designated
slaves. As the model is solved recursively by year, the masi&ibutes the cur-
rent value function for all previous years to the slaves. hEslave then solves
for the optimal value function for a subset of state spacethigiven year. The

slaves then return the new value function values to the mastee master then
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combines the new values with the value function for the nesiyear, completing
the recursion for one year. The problem was solved using @li-performance
Digital Alpha 64-bit microprocessors running at 450MHz leaa a scalable par-
allel Cray T3E at the Pittsburgh Supercomputing Center. Ohgiso involved

roughly 1.3 billion evaluations of the value function andkaoughly eight and a

half hours.

Appendix B - Baseline Model Parameter Values

The parameter values for the baseline model are chosen tonsgstent
with other models in the relevant literature. As was disedsis appendix A,
the income process consists of a deterministic factor anansitory factor. The
income process is based on the results of regressions clS®urity earnings
on age and age-squared. The dependent variable is the Ibg wige income in
constant 1990 dollars. The transitory factor of wage is céfi@ in the estimated
standard error of the regression. The wage is converted liogno level terms
in the model. At age 65 the level of the deterministic wagésfad a flat level
equal to 60% of the last period’s income before any tranggbocks, a condition
representing a system of forced retirement and a definedibperesion plan. The
coefficients and standard deviation used in this versioh@htodel are in Table
B-1.
The market price of a housing unit is the result of settingdb&erministic
home price at age 60 with the National Association of Redltb890 median

home price. It is assumed that a median home consists of 1rpunits. The
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TABLE B-1: Log Income Regression Results

Constant Yo | 7.28626
Coefficient Age ¥y | 0.10278
Coefficient of Agé 1, | -0.00098
Std. Dev. 0. | 0.80778
R? 15.5%
Probability of Unemployment v 1%

home prices are converted to constant 1990 dollars and teenaaistic home
price series are calculated using the historical averamen.e The average and
standard deviation of the return on housing are at taken froamd Yao (2004)
and are consistent with Campbell and Cocco (2003). The martoagrest rate
used is the average rate on loans with 80 percent loan-tevalios as reported
by Freddie Mac from 1969 to 2001, adjusting for the inflatiater The percent
required for the down payment represents the minimum netxadoid paying
mortgage insurance. The transaction, maintenance, anishgooests are based on
survey data provided by the National Association of Realtdre values chosen
for the current version of the model are in Table B-2. The ris#t geturn on risky
assets follows Yao and Zhang (2004).

The values for the preference parameters shown in Table Bo@ lveere cho-
sen to replicate certain stylized facts about the role of@vwatcupied housing
in portfolios, specifically the large share of total weal#ichin home equity. An
A value of 2 represents a relatively low, but realistic, levklisk aversion. An
( value of 0.96 is a commonly used discount rate. Bhealue of 0.2 reflects
the share of total household expenditures allocated toihgespenditures in the

2001 Consumer Expenditure Survey from the U.S. Departmdrdlodr. The dis-

44



TABLE B-2: Values of Market Parameters

Parameter Name and Definition Symbol| Value
Real risk free rate of return r 2%
Price of 1 housing unit, at age 60 Peo(1) | 1.003
Size of small homes h(is) 8
Size of large homes h(i;) 12
Mean of real return on housing Mh 1%
Standard deviation of housing return o 11.5%
Mean of real return on risky asset Ns 6%
Standard deviation of risky asset return O 15.7%
Probability of 100% loss on risky asset S 1%
Mortgage interest rate v 5%
Percent required as down payment 1 20%
Percent of home price lost to transaction casts 7 10%
Maintenance costs 4] 0.7%
Moving costs X 0.3
Tax Rate v 30%
Refinancing Costs ¢ 3%
Inflation ™ 2%

Note: Units not in percent are in $10,000s.
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count rate for bequests are 0.8 oy, 0.8 foréy, and 0.8 ford,,. They are chosen
to imply that households would rather consume one additidoldar than leave
an additional dollar as a bequest and that households plaesraum on leaving

their homes as bequests relative to other assets.

TABLE B-3: Values of Structural Parameters in Calibrated Model

Al B | ¢ |0a|bn|0u
2[0.96/0.2[0.8[0.8]/0.8
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