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Chapter 1
Housing Wealth and Mortgage Contracts

1.1 Introduction.

This paper develops a detailed model of housing wealthé&saeér the life-cycle. Three key issues
are explored: (1) housing’s dual role as a consumption amestment good; (2) the signiEcance of the
mortgage contract being in nominal and not real terms; ahdhg tax benefts associated with owner-
occupied housing. The paper then demonstrates how eacbsa tmique aspects of housing wealth affect
consumption, savings, housing demand, and portfolio ation over the life-cycle. This paper takes an
initial step toward integrating a realistic model of hoggsiwealth into the larger literature of life-cycle

wealth accumulation and asset pricing.

1.1.1 The Importance of Housing Wealth

Housing wealth is a vitally important but understudied comgnt of household wealth. The single
most signi£cant asset for many households in the UnitedsStatbe equity held in their home. Flavin and
Yamashita (2002) used the Panel Study of Income Dynamicsae shat among homeowner households
with a head between 18 and 30 years old, 67.8% of their partif®in their home. In the same article the
authors documented how a household’s exposure to riskghriheir housing wealth could impact the port-
folio allocation of their £nancial wealth. Feandez-Villaverde and Krueger (2001) document how housing
could be used as collateral to relax lending constraintes&lpapers, among others, demonstrate that to un-

derstand the accumulation and composition of householtthy@ae must £rst understand housing wealth.

The inclusion in a model of a simple consumption good, evesntbat is durable, or a simple in-
vestment good, even one with signi£cant transaction castslatively straight forward. Housing’s unique

dual role as a consumption and an investment good makesrit@ofa interesting challenge to model. This



unique aspect of housing is the £rst addressed in this papgenkeral, the demand for a pure consumption
good is simply determined by the marginal utility that it gestes. On the other hand, the demand for an
investment good is simply determined by its riskiness amdetation with the total portfolio. The demand
for a composite good that acts as both an investment and egtisun good and provides both utility and
returns on investment is more complicated to determinerefbie, it is necessary to explore the interaction
between the consumption and investment motive for the gdbd.question becomes even more complex
when the market for the good in question contains many ém&ti The two most signi£cant frictions in the

housing market are the use of mortgage contracts and theettxrtent of housing.

The second aspect of housing wealth addressed in this mafietithe mortgage balance and pay-
ments are set to nominal and not real values. The mortgageqrdys not adjusted to reaect changes in the
underlying cost of housing. Homeowners with existing magigs see the real value of their mortgage bal-
ance and payment decline during periods of high inaations €buld have a direct impact on the behavior

of households even if the inmation was perfectly anticipated

The £nal aspect of housing wealth addressed is the three raggiawner-occupied housing bene£ts
from preferental tax treatment: (1) the implicit rentalrfr@wner-occupied housing is not taxed as regular
income, (2) the capital gains from housing is not taxed, &)dr(ortgage interest is tax-deductable. The
tax-free implicit rent is perhaps the most signiEcant taxefi¢mssociated with owner-occupied housing.
Specifcally, the homeowner is not taxed on the implicit reariegated by the housing. An investor who
purchases and then rents a home must pay taxes on the reotaldmgenerated. However, a household that
purchases and then occupies the same home directly consuengseam of housing services, but pays no
tax on the economic value of this stream of housing serviblgurally, if this stream of implicit income
was taxed, it would be taxed net of mortgage interest, ptgpaxes, and other owner costs. The implicit
rent is equivalent to an untaxed dividend from a traditidirancial asset. Models that do not address these
aspect of housing may be signiEcantly understating one dféh@dvantages of housing as an investment

good.

These unique aspects of housing wealth are not merely stilege they can also have a profound

effect on household behavior. It is impossible to develogalistic model of housing wealth without



explicitly addressing these issues. A traditional modeEwéncial assets cannot explain the portion of
housing demand driven by the desire to consume housingssnliikewise, a traditional model of durable
consumption goods cannot explain the portion of housingastehdriven by investment motives. A model
that has real instead of nominal mortgage contracts is taterg the costs of the mortgage. The tax-free
status of the implicit rent is perhaps the single biggesatisantage housing has over other £nancial assets.

Given the importance of these issues, it is vital to expjidgitclude them in a model of housing wealth.

1.1.2 Challenges of Modeling Housing Wealth

The two approaches to modeling housing wealth’s role inifeeclcle each have advantages and
disadvantages. The £rst approach is to develop an abstraet that captures only a few of the most im-
portant aspects of housing as an investment good. PapdrasiMartin (2001) and Feandez-Villaverde
and Krueger (2001) follow this approach. This type of maslekivantages are that many can be solved
analytically, or embedded in a general equilibrium framewand solved numerically. The primary dis-
advantage is the relatively narrow scope of such a model. s€hend approach is to sacriEce simplicity
for a more complicated partial equilibrium model that carsblved numerically using stochastic dynamic
programming. Examples of this approach include Li and Y&04 and Hu (2002). Its advantage is that as
a more complex model it presents a more realistic picturbefole of housing wealth over the life-cycle.
The downside is an upper limit on the model's complexity lebeyond which the solution times are no
longer tractable. Parallel processing can extend thisrppé in a grid-cluster or super-computer envi-
ronment. The greater complexity of the model requires graeg in presenting the results and currently

precludes the option of embedding the model in a generaliedquim framework.

Both of the approaches described above are important aitdriate. Many of the questions the
more detailed partial equilibrium models can address atsidrithe scope of the general equilibrium
models. By explicitly including so many different aspectshousing wealth simultaneously, the partial
equilibrium model is extraordinarily aexible. For exampbg, incorporating a few simple changes to the
mortgage balance transition rule, the model can be usednaate the effects of alternate mortgage con-

tracts on housing demand and portfolio allocation. The s@nrie for changes in the tax treatment of



housing or the success of alternative preferences in eiptpthe role of housing wealth of the life-cycle.
The detailed partial equilibrium model in this paper pr@gdmportant insight into how to develop an more
abstract general equilibrium model that can still captheedomplexities associated with modeling housing

wealth.

1.1.3 A Detailed Partial Equilibrium Model of Housing Wealt

Housing wealth plays an important role, both as a signiEcamiponent of a household’s portfolio
and through its indirect effects on the demand for othergygfenvestment assets. Housing wealth is also
very different from other types of £nancial assets, callioge different modeling approach. The model
developed in this paper is used to demonstrate the imp@tahthree unique aspects of housing wealth:
(1) the dual role as a consumption and investment good; €¥itimi£cance of the mortgage contract being
in nominal and not real terms; and (3) the tax bene£ts asedoth owner-occupied housing. The paper
shows how each of these unique aspects of housing wealthrdfasipd effects on the demand for housing

and the composition of household portfolios.

The model’s design allows households to choose their cuoemsumption, their savings, their
savings allocated to risky assets, which type of housingtoipy, and whether to reEnance their mortgages.
The housing tenure choice includes a rental unit, a smalkhamd a large home. Households may increase
the sizes of their mortgage balances through the use of aczdsk£nance. Renters choose the size of the
rental unit so that the intra-period marginal utility of sing is equal to the marginal utility of non-durable
consumption. The size of the large and small homes are £xegtnmstof the number of housing units
they represent. Households face uncertainty in the retomnisky assets and housing, the probability of
survival, and a transitory shock to income; which is otheena deterministic function of age. The model
includes moving, maintenance, and transaction costs. Betloption to and the costs of defaulting on a
mortgage are also included in the model. The model is solixeshghe terms of a traditional 30-year £xed
rate mortgage contract. The values of non-structural perens, such as returns on different types of assets,

the survival probability, mortgage terms, and income psecare taken from historical data.

The model’s solution is then used to demonstrate the impoetaf each of the three unique aspects



of housing wealth being examined. Two different versionghef model are solved differentiating the
demands for housing as either an investment good or a cotgumgmod. In the £rst version housing is
treated as only an investment good and there exists a pezfeed market. Households may always rent the
appropriate number of housing units such that the intrésgenarginal utility of renting a house is equal to
the marginal utility of all other consumption. Housing mgnepresents an unusual investment good that
must be purchased using a traditional mortgage contragidnérates no direct utility. The second version
of the model treats housing as only a consumption good. Thwaplayment and the mortgage payments by
the household are sunk costs and are not recouped when theifi@wid. Instead households walk away
from home sales with no gain or loss from the transaction. gdper demonstrates the signi£cance of the
other two unique aspects of housing wealth in a similar wayexplore the effects of the nominal mortgage
contract to additional versions of the model are solve, @rsion where the mortgage contract is in real
and not nominal terms and another version with a histosidatih rate of incation and a nominal mortgage
contract. Finally, versions of the model are solved wheh e the three major tax bene£ts of owner-
occupied housing are removed: (1) the implicit rental frommer-occupied housing is taxed as regular

income, (2) the capital gains from housing is taxed, and @)gage interest is no longer tax-deductable.

1.2 Literature Review.

Many of the existing papers on the role of housing wealthéeirtd focus on different factors behind
housing demand in isolation. Often housing was treatedthsrean investment good or as a consumption
good. Often the models that explicitly captured housingialdole did not include mortgage £nancing, or
at most included only an abstract version of the mortgagéracth One of the innovations of this paper
is to model housing as both an investment good and consumgtiod. The other key innovation is to
explicitly model the mortgage contract. An important aspéc¢his paper, shared by several of the papers
discussed below, is to model the portfolio allocation peoblnot just between one risky asset (stocks) and
one risk-free asset (government bonds) but the portfolaxation across three different assets, two risky

(stocks and owner-occupied housing) and one risk-fred égseernment bonds).

In several papers that explored in detail the role of housiaglth the actual decision of when and



how much housing to consume was not endogenous. Fratat@8i) solved a £nite-horizon model with
exogenous housing consumption and showed that introdin@oging in the model reduced the share of
risky assets held by households. The author extended thelroératantoni (2001) to show that the
commitment to make future mortgage payments resulted iwerltevel of equity holdings. In Feamdez-
Villaverde and Krueger (2001) the authors observed thahg@monsumers have portfolios with little liquid
assets but a signifcant amount invested in durables.aRdez-Villaverde and Krueger hypothesized that
young consumers can only borrow against future income mgukieir durable assets as collateral for loans.
They then developed a structural life-cycle model with eq@®us borrowing constraints and interest rates.
Each of these papers explored an important aspect of houstath. However, by making the actual
demand for housing exogenous they are unable to explore exaatly drives the demand for housing
wealth. In this paper housing demand is endogenous andasglge to determine how some of the unique

aspects of housing wealth can drive the demand for housing.

Cocco (2000) developed a model with endogenous tenureelmiexplore the effect of labor in-
come, interest rate, and house price risk on both housingehand investor welfare. Cocco utilized an
abstract version of the mortgage contract where the levelmtgage debt adjusts in each period so that
the loan-to-house value ratio remains £xed. Cocco’s auioaligire£Enancing mortgage precludes the op-
portunity to pay down or pay off a mortgage, two very commaatsgies among households. The more

realistic mortgage model in this paper makes both of theagegfies available to households.

Martin (2001) argued that consumers have an inaction remiche purchase of durable goods
caused by transaction costs. Martin then argued that tltiagmaregion in durable goods induces variation
in the consumption of non-durable goods. Martin’s model geaeral equilibrium model and includes
only a risk-free £nancial asset. It does not address theatien between housing investment and the
household’s portfolio allocation problem. Martin also retalthe mortgage used to purchase a house as
simply a negative position in the risk free bonds. In Martivg inability of a single household to hold both
a mortgage and a £nancial asset prevents any discussions#lad level portfolio allocation, one of the
key topics of this paper.

Hu (2002) developed a model very similar to the one in thisepaghere housing is endogenous. Hu



solved a £nite-horizon model that allowed for householdsold a risk-free asset, a risky asset, or risky
owner-occupied housing. Of the papers discussed here, sithBanost detailed and realistic treatment
of the mortgage contract. Hu's model rerzects the compostteeaf home equity and includes both the
current value of the house and the current balance of thegaget Hu also allows for the mortgage payment
to be £xed at the time of purchase. This model differs from Hy'€xing the nominal mortgage payment
while inzation reduces the real value of the mortgage paynsaditionally, Hu does not allow cash-out

reEnancing, a signi£cant aspect of this model.

Li and Yao (2004) explored the housing and mortgage de@siba household over the life-cycle.
As this paper does, they utilized stochastic dynamic prograng and parallel processing to solve an ex-
tremely detailed model. Many of their results were broadigsistent with this paper. However, this paper
differs signi£cantly from Li and Yao in the treatment of thengage contract. Li and Yao made two key
assumptions when modeling the mortgage contract in orderace their model tractable. First, they as-
sumed that mortgages are amortized over the remainder dfothgehold’s life. Secondly, they assumed
that the mortgage payment is indexed to the current valugedfibuse. These simpliEcations allowed them
to introduce permanent income shocks; which are absenttfigpaper. The cost of this simpliEcation was
to ignore the ability of a household to lock in its mortgaggrpants at a constant nominal value. The result
from Li and Yao’s approach was that mortgage payments wgréggiantly lower, understating the cost of

housing, and mortgage payments suctuated with the valueedfame, providing a form of insurance.

The dynamic stochastic optimizing framework adopted fertbushold for this paper is based on
Rust and Phelan (1996). Rust and Phelan set up and solve anitypeogramming problem of labor
supply with incomplete markets, Social Security, and Madéc The dynamic programming problem in
their paper is solved by discretizing the continuous staéeass and then using backward recursion to solve
for the optimal value of the continuous choice variable @hgaoint on the state space grid. The detailed
rules governing the Social Security and Medicare appboagirocesses and benefts are imbedded in the
income transition matrix. The model in this paper has a sinstructure, but instead imbeds the detailed

characteristics of the mortgage market contract in thenmectransition matrix.

All of these papers represent important work on intereséisigects of housing wealth. However,



none of these papers attempts to develop a model that addrakshe unique characteristics of housing
wealth. The key issue in modeling housing wealth is the tneat of the mortgage contract. More than
any other single issue, it is mortgage £nancing that contelicaalistically modeling housing wealth. The

main contribution of this paper is to include an unpreceel@iytdetailed model of the mortgage contract.

1.3 A Partial Equilibrium Model of Housing Wealth with Mogge Contracts.

This section describes the structure of the £nite-horiZerclycle model of a household’s savings,
investment, and housing decisions. The structure of theehkcribed here was chosen to highlight the
effects of mortgage contracts on the evolution of housingltlie In order to keep the model focused and
tractable aspects such as endogenous labor supply an naapant for risky asset are excluded. The
section concludes with a discussion of the method used t@ sbe household’s optimization problem.
The structure of the model is actually quite straight fodyawith most of the complexities embedded in
the wealth transition rules. Households receive utilignirthe consumption of both a non-durable good
and the stock of housing that they own. Each period in the negeesents a single year. Table B.1 in

Appendix B provides a listing of the model parameters antt the£nitions.

Their optimization problem is to maximize their lifetimelity, deEned as:

80
E g B'etU (ct, (i) + B'(1— pr) (BaUB(AL) + BHUg(Hr) — 6pUs(Dy)) ¢ > 0, ¥t (1.2)
t=20

(a *h(i)?)*

Ua.iy = &) (L.2)
11—\
Us(b) = 2 (L.3)

where,
e ¢ represents the consumption of non-durables;

e h(i;) represents the number of units of housing services consugivesh the housing tenure choice in

period t (note that while the number of units of housing sgrsiconsumed varies with tenure choice



the utility gained from a unit of services does not vary);

A, Hi, and Dy are respectively the value of the £nancial assets, home, anjage debt left as

bequests;

B represents the discount rate;

pt is the survival probability;

(prepresents the measure of preference between of housirgpasdmption;

e A represents a measure of risk aversion; and,

Ba, 04, andBy, represent bequest parameters.

A household lives at most 80 years. It faces uncertainty tit®survival, temporary income shocks, and
the rate of return on both housing and risky assets. In aatditi the stochastic elements for income and the
rate of return on risky assets, the households may experemadditional shock. A small probability exists
that the household will experience unemployment in oneoplerieducing income to zero. Also, a small
independent probability exists of a stock market crash wtier household will lose 100% of its investment
in the risky £nancial asset. The probability of a stock madkash is in addition to the regular standard
deviation associated with the stochastic rate of returngky mssets. Households also are not allowed to
consume negative amounts of non-durable goods. The pritee@onsumption good is set equal to unity
and the rental price of housing is set equal to a constamt oatihe underlying price of the housing unit.

The innation rate is constant and known.

1.3.1 Consumption of Housing

While consumption of the non-durable good in the model is ioous, the choices for housing
consumption are partially discrete. The model has thrderdifit alternatives for housing: a rental unit,
a small home, and a large home, represented by the corréegawinbolsiy, is, andi;. The number of

housing units available to rent is continuous while the nenaf housing units provided by a small or large



home is £xed. Renter households are able to choose the nuffimrsing units that equalizes their intra-

period marginal utility from housing to their intra-periagarginal utility from non-durable consumption.

dU(c,h(iy))  dU(c,h(ir))

o on(u) 4
Optimal rental units may now be de£ned as a function of con§omp
h(ir) = (¢/(1 - @))c (1.5

Many other factors in the model are conditional on currenisitg tenure, including rent or mortgage
payments, maintenance costs, level of utility derived ftooasing, and the rate of appreciation in home
value. The size of a small home is set equal to that of a mediaechome, while the size of a large home

is set to be twice that of a median priced home.

1.3.2 Accumulation of Financial Wealth and the Income Psece

A household is “born” at age 20 with zero £nancial and housiaglth. It starts off as a renter with
no savings. In each period it receives a draw from an agerndigme income process. The model contains
no permanent income shock, only transitory shocks. Inengiimt, pension income is set to 60% of the
deterministic portion of age 65 income. Pension incomeilisssibject to transitory shocks, representing
uncertainty regarding medical costs. Households can #teiewealth in two different classes of assets,
£nancial and real. The household’s £nancial assets are haldartfolio of risk free and risky assets. The
household can, at no cost, rebalance its £nancial portfelioden risk free and risky assets every period.
Households with zero wealth face a binding liquidity coastr for £nancial assets in that they cannot
borrow against their future income. Households also capnothase leveraged portfolios, where they
borrow at the risk free rate to invest more in the risky adsedddition to moving to one of the three types
of housing,{ir,is,i }, the household can also decide to stay in its current hdimg, = i;}. Households
may also either add to their mortgage balance through a@atste£nance or reduce their mortgage balance

through a pre-payment reEnance.
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The transition rule for the level of £nancial wealth is defngd a

Aprl = (1+ (1—y) (Gtr; + (1— Gt)l’))(A{ —C — X[(it,Kt)-i- (16)
G (it i1, Kt) + Ze (Ke, Ken)) + (L= y)@ra + Ve (i, Ke)

st. A41>20&0<0;<1

where,

e A is the level of £nancial assets in peripd

e Ac1is arandom variable that depends on the stochastic ratéushren risky assets’{) in period t

and the realizations of earning{1) in periodt + 1;

a; is the share invested in risky assets in time t;

r is the deterministic rate of return on risk-free assets;

X (it, Kt ) (equation (C.7)) is the housing costs incurred in petifit a household currently choosing

tenure typd; with a mortgage; years old;

li (it, Kt ) (equation (1.15)) is the mortgage interest paid;

e G(it,it+1,Kt) (equation (1.16)) is the net gain for a household choogitigis period and;1 next

period;
e Z(Ki,Ki+1) (equation (1.17)) is the net gain from cash-out reEnancind; a

e Yis the tax rate on income and capital gains (note that bottnirecand capital gains have the same

tax rate and taxes on capital gains are paid immediately).

The net gain from a home sale is tax-free and the mortgageesttpaid is deducted from taxable income.
Both the housing expenses and the amount of the mortgageshtéeduction are functions of the current
housing choice and age of mortgage. Re£nancing is modeledhesce to lengthen the remaining number

of years on the mortgage, or inversely, to shorten the ctiage of the mortgage. The model only allows
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cash-out reEnancing and does not allow prepayments. Thef agaartgage for a rental unit or a mortgage
that has been paid off is zero. Households receive their svagthe same time they realize the returns on
their investment from the previous period. As a result, thgesvariable’; represents all available cash on

hand, consisting of previous £nancial wealth and curremrire

The income process is defned as a deterministic functioneophs a transitory shock, as shown

below in log form:

log(er) = Wo + Wat + Wat® + & (1.7)

89 ~ N (O, Ue)

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

rq ~N(ns,03) (1.8)

wherens is the expected real rate of return on the risky assetgris the variance.

1.3.3 Price of Housing

In addition to the portfolio of £nancial assets, househols @lso store their wealth in real assets
by purchasing a house. It is only through the purchase of aéioand the acquisition of a mortgage
loan, that households can borrow against their future ircoifhe use of durable goods as collateral is
in the same spirit as Feaindez-Villaverde and Krueger (2001). The only mortgagedrash available to
the household in this model requires a 20% down payment; kesreof 30 years; and requires mortgage
payments based on a £xed interest rate and the size of thealngortgage. The mortgage balance and
the mortgage payment are both in nominal terms while theafetfte model is in real terms. Households
selling their home are also required to pay a transactionamsal to 10% of the value of the home that
they are purchasing. This represents realtors’ fees,tatbdicks, and other expenses associated with the

purchase.

The real price of housing has a positive trend over time. Tirehase price of either a small or
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large home increases non-stochastically by the averagkemarice increase in each period. The value
of homes that have already been purchased changes accurydingtochastic process, with the expected
increase equal to the non-stochastic market price increa$®usehold that has had a series of excellent
draws in home price appreciation will own a home worth retdyi more than a comparable home on the
market. A household that has had a series of poor draws in poc®appreciation will own a home worth

relatively less than a comparable home on the market.

The price per housing unit is the same across all types ofingusarge homes cost more than small
homes because they provide more units of housing for the bwmer to consume. Renters may choose
as small or as large a home to rent as they wish. Their renbjgoptional to the current market value of
their chosen home. As the value of housing units change, sdbaiorental rates. The value of owner-
occupied units evolves stochastically while the value aflggurchased and rental units are set equal to
the current deterministic market price. The market prica bbusing unit is the number of housing units,
h(i¢), multiplied by the current market price of a housing u(tt;-nn)!Po. The value of an owner-occupied
unit is the value of the unit from the previous periéfl, multiplied by the realized rate of appreciation for
that unit in that period(1+ fy). The price of owner-occupied housing is allowed to evolfdéntly from
the market price of housing in order to capture the idiosgtictaspect of housing returns. The formulas

for the market price of home type(R: (it)) and the housing wealthd{_ 1) transition rule are:

R(it) = (1+nn)'Poh(it) (1.9)

He(1+1h), i1 =1it

e = Rgiy), ity1 € sy (1.10)
0, ity1 =iy
rh ~ N(nh, 07) (1.11)

whereP is the price of a single unit of housing in periodRis the realized rate of appreciation on housing

in period t; Ny, is the expected rate of appreciation on housing; aﬁlﬂs the variance of the house price
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growth. Note that home prices are in real terms, the incresee market price of housing is note due to

general ineation, but a real increase in the value of the heoitbdime.

1.3.4 The Mortgage

A signi£cant source of the complexity in the model is the nedddlude the age of the mortgage in
the state space. In the model this adds a discrete statdheawith thirty-one discrete values, resulting in
over 1.7 million points in the £nal state space. The compuratitechniques used to solve a problem of this
scope are discussed brieay at the end of this section. Therréadncluding the age of the mortgage in the
state space is the nature of the 30-year self amortizinggaget First, the actual equity households hold in
their home is the difference between the value of the homasrtime remaining balance on the outstanding
mortgage. To accurately track the value of the householafsenequity, it is necessary to track both the
value of the home and the mortgage balance independently.n@ture of the mortgage contract further
complicates what would be a logical solution, the additiba third continuous state variable for mortgage
debt. The principal paid on a self amortizing mortgage isaootstant over the life of the mortgage. Initial
payments are almost completely composed of interest, vétly iittle principal being paid. The £nal
payments on a 30-year mortgage on the other hand are alnmoptately principal, with very little interest
being paid. Therefore, the transition rule for mortgaget ded function of the age of the mortgage. The fact
that the mortgage balance and mortgage payment are in nidetime provides an additional motivation for
including the age of the mortgage in the state space. Thevaksds of the mortgage balance and payment

decline steadily over the life of the mortgage due to inaation

The mortgage payment is based on the home price when pud;hease only changes when the
household reEnances the mortgage or sells the house. A oaskEmance increases the number of years
left on the mortgage. The formula for the real value of a nmegtgpayment at timeafterk; years on a
house of type; is:

My(it, ke) = (L~ R (1~ (14197 (14v)*] 2 (1.12)

whereTtis the nominal mortgage interest rates the incation rate; andis the required down payment.

The cost of housing services also rezects the maintenantepaid by homeowners. As a result,
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the formula for the real cost of housing services is:

. Mt(it,Kt)+6Ht, it S is,i|
Xi(it,Ke) = (1.13)

0.06R (ir), i =i

whered is the percent of current home value required in maintenansts. Rent is equal to 6% of the

current market value of the unit being rented and rentersipag of the maintenance costs for the property.

The present value of the household’s home equity is the muvedue of the house minus the amount
of the outstanding mortgage balance. While the value of thiséincreases or decreases according to the
stochastic return on housing, the outstanding mortgagmbalis a monotonically declining function of the
age of the mortgage. The formula for the real value of the gagre balance at timeafterk; years on a

house of type; is:

Kt—30
My (it, ke) =200 iy €lis, i) & K¢ <30

Dt(it,Kt) = (114)
0, (it €lis,ij & Kt >30) or (ii=iy)

The formulas for the mortgage payment is used to calcul&eithount of mortgage interest paid
for tax purposes. The values must be adjusted back from ghéeamns since this deduction is in nominal

terms. The formula for the mortgage interest deduction is:

It(ita Kt) = Tﬂ\At(it, Kt)(lf (1+ n)Kt_SO)(1+V)Kt (115)
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1.3.5 Gains from Sale or Re£nancing

The net gain after paying transaction costs and down payent household choosing next pe-

riod’s tenurei;1 € {iy,is,i| } is given by:

o He — Dy (it,Kt) — MR (it41) —THy = X, iep1 # it
G (it,lt11,Kt) = (1.16)

0, ity =1t

wheret is the transaction cosf is the downpayment rate; aixds a £xed moving cost paid regardless of
which type of housing is being purchased. When the houselhaldses not to movey, 1 = it, it has zero
net gain.

The net gain after choosing to reEnance a mortgage is de£nbd agm of the difference between
the mortgage balances before and after the reEnance andax fhe fransaction. Interest rates are constant
in this model, so there is never any incentive to reEnance awaerlinterest rate. The only bene£t of
reEnancing is to extract home equity in order to invest in £r@assets or smooth consumption. When no

reEnance occuns; 1 = K¢ + 1 and the net gain is zero.

(1—-Q)Dx(it, Kty1) — De(it,Ke), Kep1 #Ke+1
Z;(Ke,Kiy1) = (1.17)

0, Kir1 =Ki+1

where( represent the transaction costs associated with reEnantihgn there is a cash-out reEnance the
household is increasing the number of years left on the ragetg: 1 < K¢ + 1 andZ;(K;,Ki+1) > 0. Only

households who choose not to move in a given period may choas€nance.

The effect of steadily increasing home prices providestarargument for the inclusion of the age
of the mortgage as a state variable. Due to the steady ircied®ome prices, the initial mortgage on a
given home today would be signif£cantly greater than the rageigon a similar home twenty years ago.
The current mortgage payments on these two similar homeklwewmect this, with the mortgage payment
for the home with the twenty-year old mortgage being signiflgdess than the payment for the home with

the new mortgage. The implication is that there might be seo@omic value to the ability to lock-in
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the recurring housing expense at a £xed level while the marieg of housing auctuates. This allows the
model to capture the role of housing as a hedge against udyiatrents, as argued by Sinai and Souleles

(2003).

1.3.6 Default Penalties

Figure 1.1: Timing of Decisions

Realize income and investment returns from perioq t-1
}
Can household make housing payment with quu@

\

No

hY

< Canhousehold make housing payment after liquidating hajgy®

a—

Yes, Must Move No, Must Rent

L

Choose optimal new tenure, consumption and investmenttiamma on budget constraints

The model also contains a default penalty. In any period thuséhold must be able to cover
its housing expenses, including the rent or mortgage andterance costs. If it fails to do so, it must
move the next period into rental housing, forfeiting alltitsme equity and all its £nancial equity above
some small nominal amount. Households that can cover thpéreses by selling their current house and
extracting their home equity are allowed to do so. Househtiidt can afford the associated transaction
costs may also avoid defaulting through a cash out reEnareeadvantage of this for the household is the
ability to keep its housing equity. Current consumptions®aonstrained to equal that same small nominal
amount. The £rst constraint, shown in equation (2.8), affdwise households that are forced to move but
can avoid defaulting and the second constraint affectsethosiseholds that default. The restriction that
A:1 may not be negative, combined with the de£nitionX@f;, K: ), Zt (Kt,Kt+1), andG (it, it+1,Kt ), along

with the budget constraint, create an upper bound on pedsitls of non-durable consumption, and also
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rule out some possible choices of housing tenure. If thedtmld cannot afford the down payment for a
large home without incurring negative wealth, it is not a#al to move to such a home. The sow chart

above shows how the default penalties affect the househdétlisions.

1.3.7 Optimization Problem and Value Functions

The household’s optimization problem is to choose vargatla, i1, K11 given a series of state
variabled, kt, it, Ar, H; to optimize equation (2.2) given equations (2.4) (1.16) fibusehold only has one
choice of mortgage contract, with a £xed downpayment rate.chibice variabl&; capture the ability of
a household to cash-out home equity by reEnancing, and trenefduce the effective age of the mortgage

as described above.

The value function of the household is the maximum utilihject to the default constraints of the

value functions for the households that choose next peeiodre typé; .1 € {ir,is,i},it }:

(Ac— X (it,Ke) < 0) & (A —X(ii, Kt) +it T%XI(Gt(itait+l) +Zi (Kt Key1))) > 0) = (1.18)
Vi (i, A, He Ke) = max Vtit“(it+17At,Ht,Kt)

it+1 710Ky 41 7Ke +1,6,0t

(A — X% (it Ke) < 0) & (A —Xe(it, Ke) + max (Ge(it,its1) +Zi(Ke,Ker1))) > 0) = (1.19)

lt+1,Ke41

\/t(ithththt) = U((.O, h(lt)) +Bpt\/t(|r;w7070) +B(l_ pt)eAUB(w)

(A — X% (it, k) > 0) = (1.20)

\/'[(it;AI7H'[7KI): max \/tit+1(imaA[)Ht;Kt)

ity 1€{iris,i1 },C,00 K1

wherew is the amount of consumption and wealth protected in defaoith creditors. Equation (2.8)
is the value function when the households recurring houskmensesX (it,K:), are greater than their

available liquid assetd), but if their net equity after selling or re£nancing their horm positive,(A; —
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X (it, Kt) +maX, ;w1 (Ge(it,it+1) + Ze(Kt, Ke1))). Faced with this constraint, the household must either
more, i1 # it, Or reEnanceki;1 # Ky + 1. Equation (1.19) is the value function when the household
cannot cover their recurring housing expenses out of tiwgiid assets and their net equity after selling
or reEnancing their home is negative. These households mmst to a rental unitiy 1 = iy, and have
both their consumption and remaining wealth limiteddoEquation (1.20) is the value function when the
households can cover their recurring housing expensesfaheio liquid assets. The only limits to their

choices are those imbedded in the constraints in equatiéh (2

The value function conditional on next period’s tenure ckai, 1 is:

maxU (¢, h(it)) + Beet (i1, Acr1, He 1, 1)+
R it11 € {ir,is, il }
- B(1—pt)(BaUs(Ar) +BHUs(Ht) — BpUs(Dy)),
Ve (i, A, Hi Ke) = (1.21)
o max U (e, h(it)) + BpeVi (i1, A1, Hes, 1)+
B ity1 =it
B(1—pt)(BaUs(A:) +61Us(Ht) — BpUs(Dy)),

such that equations (2.4) to (1.20) hold.

The structure of this problem contains several signi£Ecamtcgs of non-continuity. The £rst is the
discrete nature of housing tenure, which functions as batfioéce and a state variable. The second main
source of the non-continuity is the structure of the valuecfion, which is deEned as the maximum of
over sixty-six different value functions, one for each plescombination of four tenure choices or two
reEnance options and eleven portfolio allocations. This-cmmtinuity of the model prevents the use of
analytical methods to derive a solution. It also prevenésdérivation of Euler equations. The model is

instead solved using computational methods based on tHedsused in Rust and Phelan (1997).

The code used to solve this problem is in C. One solution optbblem initially took roughly two
weeks on a dual processor Pentium Xeon 1.8GHz with 512K LAecaod 1GB of RAM running Linux.
In order to improve the run-time, the code was re-writtenaketadvantage of parallel processing, using
the Message Passing Interface (MPI) standard. In thisorersi the code one processor is designated

the master while a pool of other processors are designadedss| As the model is solved recursively by
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year, the master distributes the current value functiorafioprevious years to the slaves. Each slave then
solves for the optimal value function for a sub-set of stateces for the given year. The slaves then return
the new value function values to the master. The master tbmbioes the new values with the value

function for the previous year, completing the recursiondoe year. The problem was solved using 61
high-performance Digital Alpha 64-bit microprocessoraming at 450MHz each on a scalable parallel

Cray T3E at the Pittsburgh Supercomputing Center. Oneisalirtvolved roughly 1.3 billion evaluations

of the value function and took roughly eight and a half hours.

1.4 Baseline Model Results.

The parameter values for the model calibration are chosba tmnsistent with other models in the
relevant literature. The parameter values for the size aflsand large homes are set so that they represent,
respectively, a home 80% and 120% the size of a median pricath The value of 0.2 reaects the
share of total household expenditures allocated to howsipgnditures in the 2001 Consumer Expenditure
Survey from the U.S. Department of Labor. This paper doegemesent a serious attempt to calibrate
a model of housing wealth or to estimate the maximum likelthparameters of such a model. The goal
is to see how closely the model can match certain stylizets fabile using fairly standard and common
parameter values. Appendix A contains more information len walues of the market and preference
parameters chosen. A series of graphs of the policy fungtioom one of the calibrated models, for
households receiving different series of shocks are thesepted, to illuminate the factors driving the
economic decisions of the household. Finally, some refualts simulations based on the baseline model

are given. The baseline model matches several patterngrstfEnempirical data.

1.4.1 Policy Functions

Figures 1.2 through 1.5 report sample policy functions foamage of households. Each £gures
contains the policy functions for three different types ofibeholds over the life-cycle, based on the type
of shocks to income and the returns to both housing and risggta. In each £gure, the top panel reports

the policy function for a household that receives in eacliogeabove average shocks, the middle panel
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Figure 1.2: Housing Tenure Policy Functions
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reports the policy functions for a household receiving agershocks, and the £nal panel reports the policy
function for a household that receives in each period bel@tegge shocks. It is important to note that these
households do not realize that their future shocks have &tigicially pre-ordained. They each believe that

the shocks each period are independent from those in othiedpgjust as was the case when the model

was solved.

The three panels in Figure 1.2 shows the tenure choices ¢brafaour three sample households as
a function of age. Naturally the household with the aboveaye shocks is the £rst to purchase a home
in their mid-twenties. The average household is only ableffiord this transition in their earlier thirties
while the below average household is forced to wait untilrthed-£fties. The above average household
is also able to trade-up to a larger home in their earlietiésir In about ten-years they trade back down
to a small home, shifting a signiEcant portion of their we&ltim housing to £nancial assets and reducing
their mortgage payment. After a few more years of above geeraturns, they trade-up again, only to
trade-down again after age 50. Once they reach this agec#melpck in their nominal mortgage payments
for the rest of their life by purchasing a smaller home. Therage household stays in their home until the
mid-seventies when they spend a brief time renting, befoyinly another small home. The below average

household sells their home in their late-seventies and fenthe rest of their life.

Figure 1.3 shows the consumption policy functions and zedlivages for each of the three house-
holds. The higher realized investment returns allows tfevataverage household to consume more than
their annual wage by the time they are £fty. As they continuedeive above average shocks, they continue
to increase their consumption. One interesting resultsas¢ach of these three households reduce their
consumption immediately prior to purchasing a home. Theyp alcrease their consumption when they
trade-down. Households who choose not to move also havemigiels of consumption. Since they are
not adjusting their housing consumption, they compensaitedoeasing their consumption of non-durables.

This pattern of behavior is similar to that described in Mea{2001)

Figure 2.2 shows how the housing and £nancial wealth poliogtfan for the three households. It
shows how £nancial wealth falls when households purchase$ompresenting the effect of the down-

payment and transaction costs. The £gure also shows howhHadseshift wealth back from housing
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Figure 1.3: Consumption Policy Functions and Realized Wage
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Figure 1.4: Home Equity and Financial Wealth Policy Funtsio
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Figure 1.5: Portfolio Allocation Policy Function
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to £nancial assets. Figure 1.5 reports the portfolio allongpolicy functions for the three households.
Households who are remaining renters invest a smaller anufuitheir portfolio in risky assets. They
are focused on saving for a downpayment as quickly as pesgibling them a fairly short time horizon.
The renters therefore choose a conservative portfolioishabre tilted towards asset protection than asset
growth. Those households purchasing homes now own a seistig@sset, their house, that is uncorrelated
with the risky £nancial asset. In response to their incredsestsi£cation, they increase their investment
in the risky asset. In the period in which households purehhsir home they also sharply reduce their

holdings in the risky asset.

1.4.2 Simulation Results

To better explore the implications of the model, 1,000 satiahs are generated using the calibrated
model. The table and £gures below contain the results frosethienulations. Households begin at age 20
as renters with no assets. Households retire at age 65 @b lat most 80 years of age. The simulations
track their accumulation of housing and £nancial wealth tveir lifetime. Figures 2.1 and 2.4 present the
simulation results across the life cycle. These £gures shewdie of housing over the life cycle, and how

consumption and investment decisions are linked to howdgaegsions.

Figure 2.1 shows the consumption and income paths overf¢heyicle. The sharp drop in income in
retirement can be seen in panel (a), while consumption isweomother. Panel (b) shows the path of con-
sumption as a share of total wealth. Younger households whaggressively saving for a downpayment
consume the smallest share of their wealth. Once housebetdsne homeowners, their consumption as a
share of total wealth climbs, peaking near 16% around theo&86. As households approach retirement,
they start to accumulate more wealth, and consumption aara sffi total wealth starts to fall reaching a
low point of 9% at age 65. In retirement households draw ddweir savings and consumption as a share
of total wealth climbs again. At retirement the average kbo#l has roughly forty-Eve times their annual

income saved in both housing and £nancial wealth.

The importance of housing wealth in retirement is emphdstae the next set of £gures. Fig-

ure 2.3 (a) shows that housing wealth has a hump over theyiifle creaching a peak at 60 and starting to
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Figure 1.6: Consumption and Income
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(a) Simulated Housing Wealth

Figure 1.7: Wealth and Portfolio Choice
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decline as households approach retirement. The briefquldtethe growth of housing wealth at age 50 is
caused by many households either trading down to smalleeb@mre£nancing their existing mortgage in
order to lock in nominal mortgage payments for the rest of tvgpected life. Financial wealth, shown in

Figure 2.3 (b), is more sharply humped and peaks at age 65.

One implication of the model is that accumulated home edsitised to £nance the consumption of
non-durables in only late in retirement. The actual rolemiging wealth among the elderly is a bit more
complicated. Venti and Wise (2000) found that housing veatis not in fact used to support non-housing
consumption. They £nd that households resort to their homigysonly when faced by a signi£cant shock
such as the death of a spouse or a serious illness. This isustmthe £nding in Sheiner and Weiss (1992)
that anticipation of death and illness signi£cantly incesathe probability that households reduce their
home equity. These conclusions £nd additional support irreékelts of this model, in that households
do not tap into housing wealth in retirement until their ress of £nancial wealth have been depleted.
However the model does result in more rapid decline in hausgiealth than seen in the data. The lack of
health status as a state variable and the connection betvezdih status and retiree tenure choice might

explain this failure of the model.

Figures 2.3 (c) and 2.3 (d) provide the most signi£cant resdithe model. As Figure 2.3 (¢) shows,
the simulated share of assets held in housing is consigtesdr 40%, a bit below the empirical average of
67%. The housing share is high among young households whoimvest a large portion of their savings
in a downpayment. As £nancial wealth grows faster than hgusigalth this share falls initially. The
jagged nature of the curve reaects a combination of reEnarmeiddgrading up as younger households try
to keep their portfolios balanced while taking advantagéhefr greater £nancial resources to purchase
larger homes. The rate of increase in the share climbs irene¢int, as households draw down £nancial
wealth prior to extracting home equity. Household’s fagniicant transaction costs, due in part to the
nature of the mortgage contract, to access their home edstg result, households turn to £nancial equity
initially to fund consumption in retirement. This partialinatches the "over-investment” in housing seen
in the empirical data, as reported by Flavin and Yamash#agua model of rational, forward looking

agents. The implication is that while some degree "oveestment” in housing is the result of something
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innate in the nature of the housing good or the mortgage aontrsed to purchase it and not the result
of sub-optimal behavior by non-rational consumers, thaeadevel of "over-investment” in housing seen

empirically cannot be fully explained with this model.

Figure 2.3 (d) shows the pattern of allocation in the £narpiatfolio over the life cycle. Young
households who are aggressively saving for or already terge shares of their wealth tied up in down-
payments invest less in the risky asset, as do older houwdsehbio have drawn down their £nancial wealth
relative to their housing wealth. The risky portfolio shaesaks around age 50, just when the households

start to actively shift their total portfolio away from horaquity.

The £nal set of £gures from the simulations document the rot®os$ing over the life-cycle. Fig-
ure 2.4 (a) shows home-ownership increasing rapidly fongeun households and declining very slightly in
retirement. The share of homeowners living in larger honassehsimilar hump, as seen in Figure 2.4 (b),
with a sharp drop at age 50. Both of these charts documentrtdtegy of households trading down in re-
tirement to access housing wealth to £nance consumptioanrd-&34 (¢) documents an interesting pattern.
Households who have recently purchased their homes argedda have an initial loan-to-value ratio of
80%. They are then able to pay down their mortgage throughetpalar amortization schedule and the
average loan-to-value ratio falls. The average loan-toeveatio seems to stabilize at 10% before climbing
late in retirement in response to a surge in cash-out refmgnEigure 2.4 (d) reports the level of reEnanc-
ing activity over the life-cycle. Younger households andséh who have just purchased their homes take
advantage of re£nancing to re-balance their portfolios amabsh their income. Older households start to

use cash-out reEnances to access their equity.

In Figure 2.4 (b) there was a sharp drop in the share of holdehaing in large homes at age 50,
with the share falling from a high of 20% to 16%. The timing loistsudden shift into smaller homes is a
result of the 30-year mortgage combined with a maximum a@®dfmposed by the model speciEcations.
Households take advantage of the 30-year mortgage ternchdridheir nominal mortgage payments for
the rest of their natural lives. Figuree 1.9 provides adddi support for this hypothesis. In addition to
the baseline simulations this £gure also reports the siibagwith the a 20-year mortgage and when

retirement is delayed until 75. The goal is to demonstradéttie shift into smaller homes is driven by the
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Figure 1.9: Why Trade Down at 50?
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length of the mortgage term and not the proximity to retiretn@Vhen the retirement age is 75 and the
mortgage term is 30 years, the shift to smalle homes stilpbap at age 50. When the mortgage term is
shortened to 20 years and the retirement age remains atésShith to smaller homes occurs at age 60.
These alternate scenarios show that the shift to smalleebkadriven by the household’s desire to lock-in
their nominal mortage payment in retirement. The benec£tisfdiategy is that while they will continue to

receive a constant stream of utility from their home, thévalue of the mortgage payments will fall due to

inaation. In effect, households are purchasing an annuigrevthe stream of real payments, the difference
between the implicit rent and the real mortgage cost, wdtéase with time and be at its highest during

retirement when income is at its lowest.

Table 2.5 below shows some of the sample statistics fromithelation results. The share of the
total portfolio held in home equity for large homeowners 536 and for small homeowners is 42.5%.
These numbers show that the model is partially successtidpturing the "over-investment” in housing.

The model also captures how wealthier, better diversifeddtmlds tend to own larger homes. These
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results also show how renters, who are aggressively saving iown payment, have the smallest risky

asset portfolio share.

Table 1.1: Simulation Results - Baseline Model

Total Rental Units| Small Homes| Large Homes
Percent 100% 12.6% 76.2% 11.2%
Consumption 13,820 2,140 15,190 17,570
(7,380) (2,440) (6,230) (5,890)
Financial Assets | 58,090 9,670 60,810 94,010
(58,840)| (11,120) (57,670) (64,490)
Risky Asset Share| 83.3% 28.9% 91.3% 90.0%
(26.3%) (21.8%) (15.4%) (15.6%)
Tenure Length 8.5 1.0 9.4 10.3
(9.0) (0.0) (9.2) (8.8)
Net Equity in Home 37,710 50,240
(28,530) (38,010)
Home Equity Share 42.5% 35.5%
(195.3%) (28.1%)

Note: The standard deviations are presented in parentheses

1.4.3 Tenure Transitions

Table 1.2 more fully explores the role of housing tenure gleos in the model. It demonstrates that
households are eager to move out of rental housing with al2@8% of all renters purchasing homes in the
next period. Households that have saved enough money byntiickitwenties are able to move into small
homes. In a only one case out of the 1,000 simulations, doesisehold move directly from a rental to a
large home. This household, in particular, had just reci@veery large positive income shock that allowed
them to £nance the purchase of the home. Huseholds thatlasagiting for a downpayment tend to have
the least held in risky assets, only 27.1% of the £nanciaff@at Households that have already saved

enough to purchase a home hold more in risky assets.

The transition out of small homes seldom occurs. Almost®8a2 small home-owners remain in
small homes. Half of those who do remain are trading up tceelahgmes, while one-quarter are returning
the rental market and one-quarter are extracting homeyetiuibugh cash-out reEnancing. Households
who run into £nancial trouble and are forced to return to tialemarket do so fairly quickly, averaging
less than four years in their current home. Given that thesrage age is close to 60, while the average

age of a £rst-time home buyer is close to 30, these are howusalvbb became homeowners late in life due
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to poor income and return on equity shocks early in the lfele As relatively recent homeowners, they
have not yet accumulated a signi£cant amount of home equdyséholds with low loan-to-value ratios

but high share of housing in their portfolio are the mostliiki® take cash-out reEnances. Households
who are staying put and not reEnancing have the largest risdgt ahare in their £nancial portfolio, while

those being forced to move to rental housing have the lowtsiseholds trading up also hold lower shares
of risky assets in their £nancial portfolios. This is anoteeample of the inverse relationship between
demand for home equity and for risky assets. Recent poonia@nd investment shocks contribute to the

decision to return to rental housing while very strong pesishocks to housing encourage the households

to trade-up.
Table 1.2: Tenure Transitions - Baseline Model
Current Status Not Rent | Buy Small | Buy Large | Cash-Out
Moving Home Home Ref
Renter Transition Probability 82.2% | 17.79% 0.01%
Financial Wealth 7,690 18,820 12,960
Risky Portfolio Share 27.1% 37.2% 80.0%
Age 24.2 29.0 29.0
Risky Asset Shock Last Period 5.5% 5.4% -7.8%
Wage Shock Last Period 3,090 2,640 4,440
Small Home Transition Probability 98.2% | 0.5% 0.9% 0.4%
Financial Wealth 61,390 | 7,880 45,120 1,400
Housing Wealth 36,950 | 66,970 89,180 73,390
Risky Portfolio Share 91.8% | 45.3% 76.9% 59.1%
Portfolio Share of Housing | 41.8% | 87.1% 69.3% 86.8%
Loan-To-Value Ratio 38.4% | 22.4% 26.0% 20.8%
Age 49.5 59.0 45.6 57.8
Tenure Length 9.5 3.6 8.7 7.9
Housing Shock Last Period | 1.0% 0.3% 1.7% 0.5%
Risky Asset Shock Last Period 5.4% 6.8% 4.3% 5.7%
Wage Shock Last Period 6,170 | 2,720 4,440 4,650
Large Home Transition Probability 96.0% | 0.1% 3.9%
Financial Wealth 95,320 | 1,980 64,150
Housing Wealth 48,830 | 45,580 84,550
Risky Portfolio Share 90.7% | 52.0% 72.3%
Portfolio Share of Housing | 34.5% | 95.6% 58.7%
Loan-To-Value Ratio 47.6% | 8.1% 40.0%
Age 54.4 78.2 57.9
Tenure Length 10.5 4.8 55
Housing Shock Last Period | 1.0% -2.5% 0.8%
Risky Asset Shock Last Period 5.1% 10.4% 6.0%
Wage Shock Last Period 6,610 | 2,410 10,420

Once households have managed to move into large homes, dhawlty prefer to stay there. Of
these homeowners, 96%, do not move. Interestly, none o thegseholds utilize cash-out re£nancing to

extract home equity. They do trade down to smaller homesm il units. Most of the movers are trading
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down into smaller homes. The households have a higher fiorsfeare of housing, a lower LTV ratio, and
lower share of their £nancial portfolio in risky assets tHawst households not trading down. Households
trading down to smaller homes also have large recent pesitsome shocks, allowing them the pay for
the transaction costs associated with the move. Househdtldsery little £nancial wealth who have also
had recent poor income shocks are more likely to move dyrattth rental units. These households are also
signi£cantly older than those trading down to smaller homessaying put. Again, these homeowners take

the most conservative positions in the £nancial portfolio.

This section has established the most signi£cant accompistof the model the ability to partially
match the "over-investment” in housing seen in the dataiwighframework of rational, forward-looking
agents. This section has also argued that the optimal shaskyassets in the £nancial portfolio is effected
by both the level of investment in housing and the endogeteugre choices of the household. The next
section will build on these results with a detailed examorabf how the unique nature of housing wealth

affects the demand for housing and the allocation of houdgiartfolios.

1.5 Alternative Scenarios.

The previous section provided evidence that the baselingeinman match certain stylized facts
about housing wealth over the life-cycle. This section detees exactly in what way does these three
specifc aspects of housing wealth affect the demand for ingwsid £nancial portfolio allocation over
the life-cycle. This is accomplished through a series of parative static exercises. The three aspects of
housing wealth being investigated are in each turn exclérdead the model. Each alternative model is then
re-solved and the simulations regenerated. The levels altvaccumulation, housing demand, reEnance
activity, and portfolio allocation under each alternatassumption are then compared to the base case.
Table 1.3 summarizes how the model is altered for each ofltemative scenarios. Table 1.4 summarizes
the effects of each scenario on the demand for housing wefttdmncial assets, total portfolio share of

housing, and the £nancial portfolio share of risky assets.
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Table 1.3: Assumptions for Alternative Scenarios

Alternative Assumption Model Effects
Dual Investment/Consumption Role
Consumption Only Replace (1.16) with (1.22

Replace (1.17) with (1.23
Replace (1.5) with (1.24)
Investment Only Replace (2.2) with (1.25)
Replace (C.7) with (1.26)

Nominal Mortgage Contract

High Inzation v =6%
Real Mortgage Contract v=0%
Taxes
Tax Implicit Rent Replace (C.7) with (1.27)
Tax Capital Gains Replace (1.16) with (1.28

No Mortgage Int. Deduction I (it,Kt) = 0,1t € Iy, s, iy, it

Table 1.4: Results of Alternative Sﬁenarios
It

Alternative Assumption H; A AA o
Consumption Only NA — NA l
Investment Only 7 l 1 T
High Ineation T7,0in50’s | 1 | |in50s | Tyoung, old

Real Mortgage Contract 1,1 old — — | young
Tax Implicit Rent ! - s 1
Tax Capital Gains 1 T l l
No Mortgage Int. Deduction 7 old T — —

1.5.1 Housing as an Investment and Consumption Good

The £rst set of alternate scenarios are used to examine tsaroption and investment motives for
housing demand in isolation. To rede£ne housing as only aucguison good, the equation for the net
gain from a home sale is redef£ned. Households face the sammpdpment constraints and transaction
costs for selling a home. They also make the same mortgageqrayg and still must repay the outstanding
mortgage balance when they sell the home. The differenbaisitese expenses merely purchase the stream
of housing services associated with the home, not the haal. itUnder this alternative, no such thing as
housing wealth exists. Households have no home equity esa@ither by trading down or through cash out
reEnances. This de£nition of housing several handicaps esaweipied housing as a consumption good
when compared to rental housing. The size of rental housirajlowed to shift so that the intra-period
marginal utility from housing equals the intra-period niagj utility from non-durable consumption. In
order to correct this handicap, rental housing in this sigens restricted to be equal in size to that of a

small home. The new equation for the net gain from sellingradé:
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o —maxX(De(it,Kt) — Ht) — HR(it42) —THe — X, it41 €1r, s, )
G (it, ity 1, Kt) = (1.22)

0, iyl =t

and the new equation for the net gain from re£nancing is:

Zy (K, Kiy1) =0, (1.23)

and the size of the rental unit is constrained to equal theafia small home:

h(ir) = h(is). (1.24)

The =ip side of this scenario is one in which housing acts oslgrainvestment good and does not
directly enter the utility function. Under this scenaribtauseholds rent in every period of their life. The
households always choose the number of housing units tostesht that intra-period marginal utility of
housing is equal to the marginal utility of non-durable aongtion. Households may also purchase small
or large homes. However, now they do not consume the housingces associated with these homes.
Rather, they rent these homes and receive a stream of incasee lon the market rental rates. Homes are
still purchased with a mortgage and still have all their pyes tax advantages. Now the utility function

assumes that households always rent:

80
E g Btth (ct,h(i,))+Bt(l—pt)(GAUB(At) +6nUg(H:) —6pUg(Dy)) ¢ > 0,Wt (1.25)
t=20

The housing costs for home owners include their new rent payifior the housing that they con-

sume, Q06R(iy), and the rent payment they receive as landlord for the hgubt they own, @6R (i;);

0.06P; (ir) — 0.06R (it) + M (it, Kt ) +dH, it € s, ]
Xi(it,Ke) = (1.26)

0.06R (ir), i = i
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Figures 1.10 and 1.11 show the simulation results for tleradte scenarios where housing is a con-
sumption good only and for when it is an investment good oNlgte that when housing is a consumption
good only, no housing wealth results and naturally no shitieectotal portfolio is held in housing. When
housing is a consumption good only, households hold slightire £nancial wealth. They also change the
allocation of their £nancial portfolio, with the younger aolder households holding fewer risky assets.
Young households no longer are able to diversify acrossiigki £nancial assets and risky housing equity
and invest less of their portfolio in risky assets. Olderdeholds no longer have a store of home equity that
they may replenish their £nancial portfolio with throughteasit re£nances. As a results, they too invest a
small share of their portfolio in risky assets. The demamdhfising also drops with almost no households
purchasing large homes. This result implies that the denfi@nthrge homes, absent any demographic

factors, is driven primarily by the investment motive.

The results from the investment good only scenario are @sdpeenlightening. A common expla-
nation for the “over-investment” in housing is that houddisosimply desire to consume more house than
they wish to invest in. Therefore, the consumption motivefien £ngered as the culprit for the large share
of the household’s total portfolio held in home equity. hetgtingly enough, when the consumption motive
is removed the demand for housing increases. As can be séuire 1.10(a) the level of housing wealth
increases, at the expense of £nancial wealth. The share tfttidousing portfolio held in home equity
also increases as does the share of the £nancial portfolldinekky assets. This increase in exposure to
risk from both housing and risky assets is in response to dimeelowners now having a risk-free stream
of rent payments from their housing investment. The presefdchis risk-free income stream increases
their tolerance of risk elsewhere in their portfolio. Therdend for housing increases as well with both the

home-ownership rate and the share of homeowners buyingrlboyses increasing.

It is important when comparing the results of these two sges#o keep in mind that the consump-
tion and investment motives of housing are not being exathinésolation. The advantage of using the
detailed partial equilibrium model is the richness of theadeThe bene£ts from the tax treatment of hous-
ing and most importantly the mortgage contract are heldtaoh&across the scenarios. Investors are drawn

to the ability to create a leveraged portfolio through thetgege and receive a steady tax-free stream of
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(a) Simulated Housing Wealth

Figure 1.10: Wealth and Portfolio Choice
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Average Ratio of Loan-to-Value of Home

Figure 1.11: Housing Tenure Choice
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dividends. Consumers appreciate the ability to lock inrtheusing costs at a £xed amount, even though
they will never see the money they put into the house agairis iShrue even though, in both alternate

scenarios, the deck is stacked against housing. The resufifasize the fact that the mortgage contract
itself has signiEcant economic value to the household, abodebeyond the attraction of housing as a

consumption or investment good.

Figure 1.12: Rent and Mortgage Payments
500 T
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1.5.2 Effects of Ineation on Housing Wealth

The next set of scenarios are relatively more simple to maklethat is needed in order to simulate
the effects of high ineation, or of mortgage contracts thatraal and not nominal is to set the inoation
parameter respectively to a higher level or to zero. Thegmras of nominal mortgage contracts effectively
reduces the costs of home-ownership. The higher the inaattenthe lower the costs of home-ownership,
as can be seen in Figure 1.12 which documents how the rea vllihe mortgage payment declines over
the life of the mortgage. This is of course factored into tate rof the orginal mortgage and partially
explains the gap between the mortgage and risk-free ragerds 2.5 and 1.14 show how housing demand
and portfolio allocation differs under different ineaticates. High ineation increases the rate at which the
nominal mortgage payments are discounted over time. Asudtré®ere is a much more pronounced move

from large to small homes at age 50 under the high incationasimenHouseholds are eager to purchase
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Figure 1.13: Wealth and Portfolio Choice
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Figure 1.14: Housing Tenure Choice
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small homes at age 50 and lock in their nominal mortgage paigrfer the rest of their life. In fact they
almost never move or re£nance after age 50, due to the incvahseof the incation discounting of the
nominal mortgage payment. The main effect of zero inratido ieduce the demand for large homes and
remove the tendency to lock in nominal mortgage paymentg@ab as the real mortgage payments no

longer decline with the age of the loan.

None of these results should come as a surprise. A reductitreicost of housing will increase
demand. Reduced housing costs will also have a wealth effezreasing the amount of housing and
£nancial wealth households can accumulate. What is of inttisréfee non-neutrality of inaation even when
the inmation is perfectly anticipated. As was the case ptshypthis result is dependent on the nature of the
mortgage contract, again highlighting the importance oltiding mortgage contracts in models of housing

wealth.

Homeowners face two different expenses in purchasing tosires. The £rst expense is the upfront
costs, or the downpayment. The second expense is the menggments made on a monthly basis over
the life of the loan. These recurring expenses are signifgathat if the household cannot make these
payments they will default on the mortgage and loose théstiexy home equity. Households in this model
trade down precisely because they fear they will not be ablmake the mortgage payments once their
income falls in retirement. Nominal mortgage payments urgh incation are especially attractive to
households in their £fties. The real mortgage payment ialipthigh, during the prime of their earnings
potential. The real mortgage payment then falls rapidlyrduretirment, just when their income also falls.
Nominal mortgage payments allow households to shift theese of housing forward while insuring the
consumption of housing later. In this way housing is a fornafuity which provides housing services
instead of cash payments. The ability to shift the cost oshauforward is due to the nominal mortgage

contract. The higher the rate of ineation, the greater thi¢ ishtosts.

1.5.3 Tax Implications

The £nal aspect of housing wealth explored in this paper eetlspects of the tax treatment of

housing: (1) the implicit rental from owner-occupied haggis taxed as regular income, (2) the capital
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Figure 1.15: Wealth and Portfolio Choice
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(b) Simulated Financial Wealth
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Figure 1.16: Housing Tenure Choice
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gains from housing is taxed, and (3) mortgage interest i®ngdr tax-deductable. These £nal scenarios
explore to what extent this bene£cial tax treatment contwo the demand for housing and distorts
household portfolio allocation. Under the £rst scenarie itbusehold must pay tax on the level of implicit
rent they receive from their home. Renters naturally rexaiv implicit rent, they are paying explicit rent
out of after-tax income. The implicit rent is deEned basedhennharket rent for the type of home and not

the actual value of the individual home. The equation forttbesing costs now is:

M (it, Ke) + 0H +Y0.06R (iy), it € s,
Xe(it, Ke) = (2.27)

0.06R (ir), i = iy

The second version of this scenario imposes a tax on theatgpins from home sale. Recent tax
legislation as progressively increase the amount of dagdias from home sales that can be shielded from

tax.

o (1—V)(Ht — Di(it, k) — MR(it42) = TH =X, e €, s,
Gt (i, it+1,Kt) = (1.28)

0, Iyl =t

The £nal version of this scenario simple suppresses the agetipterest tax deduction. Figures
1.15 and 1.16 show the simulation results from this scendridhe case of the repeal of the mortgage
interest tax deduction, there is almost no change in theauinbehavior of the households except a
slight decline in the demand for large homes, suggestinigthieapolicy’s contribution to increasing home
ownership is questionable at best. Taxing implicit rergtdly reduces the level of £nancial wealth held,
the level of investment in risky assets and signi£cantly ceduhe demand for larger homes. The taxation
of capital gains reduces the level of housing wealth sigmfigand slightly increases the level of £nancial
wealth. Households also hold less of their portfolio in hingsand less of their £nancial portfolio in risky
assets. They also purchase homes later in life and purcbass farge homes. Interestingly the capital
gains provision seems to have the greatest effect on bahaxjoect in the case of the demand for large
homes, where the tax on implicit rent seems to have the gteeffect. These results make it clear that the

tax treatment of housing has signiEcant and important inspgarceconomic behavior over the life-cycle.
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1.6 Conclusion.

One of the goals of this paper is to explain the life-cycletgras in both home ownership and
portfolio allocation using a model of rational agents. Tvay knnovations are incorporated in the model.
First, housing is explicitly modeled as both a consumptiod @mvestment good, as opposed to examining
just one aspect in isolation from the other. Second, moggaptracts are explicitly introduced into the
model. The result is a more realistic treatment of the roldaising in an agent’s economic decision-
making over its lifetime. The model is then used to exploeertiationship between the housing share and

risky asset share of household portfolios.

The baseline model succeeds in partially replicating hoguétys large position in household level
portfolios. The implication is that while some degree "oeirarestment” in housing is the result of some-
thing innate in the nature of the housing good or the mortgagéract used to purchase it and not the result
of sub-optimal behavior by non-rational consumers, thaadevel of "over-investment” in housing seen
empirically cannot be fully explained. The transitory matof housing, as households react to wealth and
income shocks by trading up and down, is also captured by tdaemOther key results are the importance
of housing wealth in retirement and the role of cash-out re€es. Finally, the model shows how the al-
location of the £nancial portfolio varies in response to thsifion in housing wealth and tenure decisions.
The intial introduction of risky housing can increase thended for risky £nancial assets, as household
gain the ability to diversify across uncorrelated riskyedssAs the exposure to risky housing assets grows

however, household respond to the increased backgrounbyriseducing their demand for risky assets.

The baseline model is then compared with a set of alternateasios to explore three key aspects
of housing wealth: (1) housing’s dual role as a consumptimhiavestment good; (2) the signiEcance of
the mortgage contract being in nominal and not real termd; (8h the bene£ts of the tax treatment of
owner-occupied housing. The results show that the “owsgstment” in housing is not just a function of
consumption demand but can also be driven by the bene£tsintiatthe mortgage contract. It also shows
that the nominal mortgage contract results in the non-aéwtiof perfectly expected inzation. Finally, the

contribution of the favorable tax treatment on housing dwifia documented.
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Chapter 2
Mortgage Contracts and the Heterogeneity in the Total Retutdausing

2.1 Introduction.

Of all the assets held by households, home equity is secoimdpiartance only to human capital.
Households hold on average more than half of their portdlichome equity. Recent work has explored
how a household’s holdings of home equity might distort thecation of their £nancial portfolio. The
unique nature of home equity as an investment asset cortgdiefforts to measure its total rate of return
and the risk associated with it. This paper explores howethspects of home equity can affect the risk and
return facing the household: (1) the role of the mortgagdrect (2) the consumption role of housing, and

(3) the uncertain holding period of housing.

Home equity differs from £nancial assets in many ways. Thexéaage transaction costs associated
with the purchase of a home. There is no secondary marketoimehequity. A house is a large, non-
divisible asset that is inescapably tied with a given geplgialocation and the associated labor market.
However the most signi£cant aspect of home equity is the uaerairtgage contract by the homeowner to
purchase the house. This paper focuses on three speciftsaffdbe mortgage contract on the risk and
return on housing: (1) the cost of the associated stream dfyage payments, (2) the mortgage interest tax

deduction, and (3) the leveraging effect of the mortgage.

Calculating the rate of return on a £nancial asset is fairgigitforward. The total return is sim-
ply divided by the original purchase amount. The situat®eaomplicated when a household takes out a
mortgage to purchases a home. The asset in question, the oimextricably linked with a liability, the
mortgage. The original cost of establishing a portfoliosisting of the home and the associated mortgage
is the amount of the initial downpayment. A naive de£nitiothaf payoff would be the difference between
the value of the asset and the related liability at time of 5ad. the value of the house minus the remaining

balance of the mortgage. However, in addition to the ind@knpayment, the household commits to mak-
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ing a stream of mortgage payments for the life of the mortgégee£nition of the total return on housing

must take into account the oppurtunity costs associatddthig stream of payments.

Owner-occupant households with mortgages bene£t from gesé¢gix treatment. They are allowed
to deduct from taxable income the portion of mortgage paym#rat go toward interest payments. This
bene£t introduces two important sources of variation in ét@ return on housing. First, households with
higher marginal tax rates reap a greater bene£t from the agetipterest tax deduction, thereby reducing
the progressivity of the tax system and increasing the tetatn on housing for those with higher incomes.
Secondly, the deduction applies only to the interest poxifdhe mortgage payment, not the entire payment.
With a standard self-amortizing loan, the interest portbthe payment is initially quite large and slowly
shrinks over time. As a result, two identical householdslimgl two identical homes will have different

total returns on housing if they hold mortgages of differages.

The £nal, and perhaps most signiEcant, aspect of home equityred in this paper is the lever-
aging effect of the mortgage. A household is only requiregubup a fraction of a home’s value as a
downpayment, while retaining the entire gain or loss asgediwith the home. In effect, the household
holds a leveraged portfolio in the local real estate markstwith any leveraged portfolio, this signiEcantly
increases both the risk and return association with thestnvent. Home equity also differs in a quite sig-
niEcant way from a traditional leveraged portfolio in £nahaisets. With a traditional leveraged portfolio
the investor must maintain a minimum equity position. If tledue of the underlying asset falls too far,
the investor faces a margin call and must either providetimdil equity or sell the portfolio at the current
market value. A homeowner faces no such margin call if theevaf her home falls below the remaining

balance of the mortgage.

The possibility of negative equity signiEcantly complicatke analysis of housing as an investment
good. A further complication is that households have théoopib default and walk away from both the
house and the related mortgage at a cost to their future @tcexedit. Research has shown that the
probability of negative equity is one of the key predictofsnmrtgage defaults, see Deng, Quigley and Van
Order (2002) for a recent example. It is important to note tha mere existence of negative equity does

not force a default. The borrower only faces the requirentenépay the negative equity if they sell their
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home. If the choice to move is entirely endogenous, the hameomay choose to remain in the home
until the local housing market recovers and she no long@sfamegative equity position. The homeowner
must address this negative equity position only if she idblento make her required mortgage payments
or faces an exogenous need to move. Such an exogenous mdvebmidriven by a change in household

composition through marriage or divorce or an income shbotugh a job loss or signi£cant iliness. In

calculating the risk and return on housing, special aenthust be paid to the possibility of negative

equity.

Several recent papers have explored how a household witheagasition in housing might respond
to the undiversifed risk associated with housing by lowedamand for risky £nancial assets. Most of
these papers do not address the heterogenity in the returouming caused by institutional features of the
tax code and of mortgage contracts. If the mean and variahtte gate of return on housing vary with
property, mortgage, and borrower characteristics, sothéldemand for risky assets. If macroeconomic
shifts affect the housing and mortgage choices of housshsitth as a shift to higher loan-to-value ratios
in response to rapidly increasing prices, they might aléecathe demand for risky assets by changing the
mean and variance of housing returns.

This paper develops an alternative measure of the returimosifg that incorporates the consump-
tion stream and the required mortgage payments associgtedwner-occupied housing. This measure is
then used to demonstrate how the total return on housingsvarith anticipated holding length, terms of
the mortgage contract, and borrower income level using siathlated returns and data from the American

Housing Survey.

2.2 Literature Review.

Many papers have explored the return on housing; howeuwerh&ve explicitly accounted for the
effect of mortgage contracts on that return. One common uneas the return on housing is the user
cost. As defned in Poterba (1984),the user cost equals ttex-tak depreciation, repair cost, property
taxes, mortgage interest payments, and the oppurtunityoédwusing equity, minus the capital gain on

the housing structure.” While this measure has proved vegjulsnd is widely accepted, it does have
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several signiEcant drawbacks. The measure does not capturalue associated with either the stream
of mortgage payments or the stream of implicit rents recefuem the house. This measure also does not

vary with holding period or recect the risks associated wigative total return.

The connection between a household’s holdings in housidglanallocation of its £nancial port-
folio has been examined in several papers. Flavin and Yatag@002) document that households holding
larger positions in home equity hold smaller positions inrfinal equities. They abstract completely from
the mortgage contract and de£ne the return on housing salebpgtal gains and implicit rents minus main-
tenance costs and property taxes. Fratantoni (1997) salfege-horizon model with exogenous housing
consumption and shows that introducing housing in the mothlices the share of risky assets held by
households. Fratantoni (2001) then shows that the committnanake future mortgage payments results

in a lower level of £nancial equity holdings.

Englund, Hwang, and Quigley (2000) estimate a VAR modelwégiment returns that includes both
risky assets and housing. They measure the return on housimg repeat sales in Sweden. The authors do
not include the effects of the mortgage contract on the medarhousing, but do observe how the risk and
return varies with the holding period. Case and Shiller @%nd that persistent excess returns do exist
in the housing market and are positively related to the mticonstruction costs to prices, real per capita
income growth, and increases in the adult population. Theasure represents an annual return on housing
for an existing home owner, but not the annualized returlizeshafter a home sale. Therefore the measure
does not take into account how the annualized return vaviestbe length of a mortgage. Additionally,

their analysis is focused on MSA level housing returns, ndividual returns.

The measure of housing return developed in this paper i®sids that of Hendershott and Hu
(1981). Their measure incorporates the effects of themti@amortgage payments and implicit rents as-
sociated with the home. The measure in this paper differd sigsi£cantly by including the oppurtunity
cost of these streams, instead of just the nominal levele$tteams. In both Case and Shiller and Hender-
shott and Hu, the authors develop measures of the implicis reither from MSA level rental rents or by
assuming that certain market clearing conditions are mié implicit rent measure used in this paper is

based on an econometric estimates of the capitalizatien(detcussed in Appendix C) and should provide
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a better measure of the implicit rent. The other signiEcaifemince in this work is its focus on explaining

variation in the return on housing at the individual levelstes the MSA or economy-wide level.

2.3 Theory.

This section deEnes a measure that captures the total retunowsing, including the stream of
consumption services and mortgage payments associatedwiter-occupied housing. This measure is
similar to that developed in Hendershott and Hu (1981). D& rate of return is defEned as interest rate
that sets the net present value (NPV) of the household’s mstequal to the net present value of its inaows.
The outaows include the intial downpayment and the net ptesdue of the stream of mortgage payments
and maintenance costs. The inaows include the net preserg ghthe stream of implicit rent generated
by the home. The £nal component of the total return measuhne isdt present value of the net proceeds of
the sale of the home, or the current home value net of transamsts and the remaining mortgage balance
at time of sale. The net proceeds from the home sale may ber @itlsitive or negative. When the value
of the home is greater than the sum of the transaction costsha@remaining mortgage balance, the net
proceeds represents an inaow for the household. When the stima tvAnsaction costs and the remaining
mortgage balance is greater than the value of the home, thpomeeds represents another outaow for the

household.

This treatment of the net proceeds is important. Previofisitlens of the return on housing have
not explicitly addressed the risk of negative equity and lioat effects the rate of return. However, this
treatment, while more detailed, still includes a signifa@ammission. A household holding a mortgage on
a home has the option to default on the mortgage, and sumrémel@roperty to the lender. The default
will result in certain costs for the household, such as Sigaitly increasing their future borrowing costs.
However, if the household has a large negative equity positi their home, defaulting on the mortgage is
the optimal strategy . A true measure the rate of total retwould include a lower bound for the outcows
associated with negative net proceeds. The lower bounddimmithe point at which it would be optimal for
a household to exercise their default option and walk away fihe negative equity position in their home.

The outmows beyound this point would be £xed at the value ameaciwith the households increased
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borrowing costs resulting from the default. The increasbdrrower costs will vary a great deal across
households, depending on their stage in the life-cycle dmether they plan to be net lenders or borrowers
in the future. A measure of the total rate of return on housha incorporated this household specifc

lower bound on the net proceeds would result in even greatsroed heterogenity in housing returns.
The rate of total return on housing is de£ned as the compounghgrowth rate required to provide

set the net present value of outaows equal to the net predartafincows after a holding period of t years.

The formula for the total ex post rate of total return on hogss;

[(Ho—Bo) —I(NR < 0)(-NR) + i(Mi +R—yy](1+TR) = [I(NR > O)NR +§Di] (2.1)

1
t

I(NR > O)NR + 5| Di ) ~1 (2.2)

TR ((HO—BO)—l(NR <0)(=NR)+3i(Mi+P —y(y)l)

where,
e TR represents the annualized total rate of return on housitigat;
e NR represents the NPV of the net proceeds from the home saleat;ti
e |i represents the NPV of the interest payments at time
e M; represents the NPV of the property taxes and maintenanteaitmei;
e D; represents the NPV of the implicit rent, or dividend, at time
¢ P represents the NPV of the mortgage payments atiime

e (Ho — Bp) is the difference between the home value and intial mortdeg@nce at time 0, or the

downpayment; and,

e y(y) is the marginal tax rate for income level y.

In reality, there are many sources of uncertainty assatiatth the total return on housing. The

expected holding timeis not perfectly forecastable. Households might be forcesell their house due
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to unforeseen shocks to household composition, i.e. divorgob loss. Property taxes and maintenance
costs may vary stochastically. Households may choose taneéntheir mortgages, take out additional
home equity, or make improvements on their homes. Some holgsemight choose mortgage contracts,
such as adjustable-rate mortgages, that introduce additsmurces of uncertainty into the total return on
housing. However, the main thrust of this paper’s arguneetiitat the total return on housing will vary with
anticipated holding length, terms of the mortgage conteaad borrower income level. Including additional
sources of risk would only strengthen the key argument bpéhicing additional sources of heterogeneity
in the return on housing, and is left to future work.

The net proceeds from the sale of a house is the differeneeebatthe value of the home and the
sum of the transaction costs and the remaining mortgagad®la he formula for the net proceeds if the
home is sold at timeis,

NR = (Hy—tH —B)(1+Vv) ", (2.3)

whereH; represents the value of the home at timB; represents the mortgage balance at timmadt is

the transaction costs associated with the home sale.

The only source of stochastic risk in the present de£nitiotheftotal rate of return on housing is

the appreciation rate of the home. The value of the home atttimde£ned as

Hy = (1+ Fn)'Ho, (2.9

where,

i ~ N(Nh, 03) (2.5)

andHjy is the initial purchase price of the homig,is the realized rate of appreciation on housingis the
expected rate of appreciation on housing, aﬁ(ﬂs the variance of the house price growth. In general, the
distribution off, is not independent of t. Case and Shiller (1990) found pas#erial correlation in the
return on housing over the short run and negative seriaéladion over the long run. The inclusion of a

more realistic stochastic process for home appreciatiaridwesult in increased heterogenity in the return
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on housing. Households purchasing their home during an iagsw local home prices will anticipate a
very different path of appreciation that those purchasimgng) a fall in local home prices. The effect of
cycles in local housing markets on the composition and dgrafhousehold portfolios will be examined in

a companion paper.

The value of the consumption stream associated with ownimgnae is deEned as the market rent
the property would command. Naturally this value will chargg the value of the underlying property

changes. The formula for the NPV of the implicit rent recditg the household in peridds,

Di = (U(1+ ) Ho) (1+v) ™, (2.6)

wherep is the rent-to-price ratio. It is assumed that the rentdoepratio is constant over the holding
period. Again, suctuations in the rent-to-price ratio wobkl yet another source of stochastic risk that

would only increase the degree of heterogeneity in the meiarhousing.

The household is assumed to £nance the purchase of its homeasiandard £xed-rate, self-

amortizing mortgage. The remaining balance in petizdde£ned as,

, (2.7)

whereBy is the initial mortgage baIanc&(E—g) is the nominal mortgage interest rate, arid the term of the

mortgage. The mortgage interest rate is an increasingifumaf the loan-to-value ratic(,ﬁ—g). Households
willing to invest more equity bene£t from a lower mortgagesiest rate. The NPV of the £xed nominal

mortgage payment associated with this mortgage is de£ned as;

Bo Bo

R = (M Bol1 - (1m0 ) (1) @9)

Note that this value is constant across all periods. Thequodf the mortgage payment that goes toward
interest on the mortgage is deductible under current taicygathe proportion that goes towards paying

down the principal is not deductible. The NPV of the amounthefinterest repaid in periads given by
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the formula,

1—-(1+m(R2))* .
_ ("(E_Z)Bol ( +n(Ho))) K) 1iv) 2.9)

Note that this value is decreasingiinProperty taxes could also be included in this term. Theiluision
would increase the heteorgenity in the return on housinth) tae to variation in property tax rates and

increasing the variation in the mortgage interest tax deéoluclue the progressive income tax.

The £nal component of the total return on housing is the NPWefaroperty tax and maintenance
costs associated with owning a home. It is assumed that tueste are a constant fraction of the current

value of the home and do not increase with the age of the hoheeformula is
Mi = (8(1+R)'Ho) (1+Vv) ™, (2.10)

whered is the annual percent of home value spent on maintenanceraperpy taxes.

A longstanding puzzle in the £nance literature is the highresbé households’ portfolios held in
home equity. It is instructive to observe how optimal pditf@llocation is different when this alternate
measure of the return on housing de£ned is used. Assume tisehads only have two risky assets,
their home and a diversifed portfolio of equities. The pdidfpays no dividends. The return on housing
de£ned in equation (2.2) is contingent on the length of thdihglperiod. For consistency, it is necessary
to calculate a similar holding period specifc return on égglit The value of the equity portfolio has an

annual rate of appreciation that is an i.i.d. normal randanmble with the following distribution:
fs~ N(ns,02) (2.11)

wherens is the expected rate of appreciation on equities aﬁldls the variance of the appreciation of

equities. The formula for the rate of return on equitiesrafggeriods is

E = (1+5)'Eo (2.12)
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rg = <(Et _VC(E'E - E‘O))(]‘—’—V)I)l _ 1’ (213)

Eo

wherekEy is the intital investment in the equity portfolio agd is the tax rate on capital gains.

The formulas for both the return on housing and return ontegupresented here are fairly complex.
Instead of deriving the formula for the expected return aaddard deviation analytically, the next section
simulates the values of both the home and the portfolio oftieguover the life of the mortgage, using
equations (2.4) and (2.12). Equations (2.2) and (2.13)lee tised to calculate the rate of return by year
over the life of the loan. The result is an estimate of theoéteturn and standard deviation of both housing
and equities conditional on holding period. These estime#m be used to determine the composition of
an optimal risky portfolio of these two assets conditionaholding period. The optimal risky portfolio, as
de£ned by the Markowitz portfolio selection model, is thetfodio that maximizes the slope of the capital

allocation line,S,. This is done by maximizing the following objective funatio

anE(TRY) + (1 an)E(rs)
O(ﬁ(ﬁF\,ﬁ| +(1—on)20?,

rrg(axsp = (2.14)

whereay, is the share of the risky portfolio held in housing. Solvirgyation (2.14) provides the formula

for the optimal portfolio share,
E(TR))or,

T E(TRY)OZ, +E(ra) 0%,

(2.15)

It is important to keep in mind that equation (2.15) provittes optimal portfolio allocation condi-
tional on the holding period. The de£nitions of the risk artdnme used abstracts from several important
sources of risk, most signi£cantly the risk associated withgenous moving shocks. The optimal port-
folio allocation also ignores the role of downpayment caaists on home purchase. The idea behind this
particular thought experiment is not to nail down the trugrogl portfolio allocation between equities and
housing, but to document how the optimal portfolio sharéegawith the holding period, the mortgage
terms, and the income of the borrower. The true optimal pbeotfshare of housing, accounting for all
sources of risk and binding downpayment constraints woaldaubt be different, but the variation in the

optimal portfolio share doumented below should remain.
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2.4 Simulation Results.

The expected total return on housing, as de£ned in equati®ni{a function of the holding period,
the mortgage terms, and the income of the borrower. Equa(i@4) and (2.12) were used to generate
10,000 simulated paths of the value of the home and of theyepartfolio over the life of the mortgage.
To demonstrate how the risk and return vary with the holdieigqul the two equations are evaluated at each
period for the life of a mortgage. The assumed values of thepeters are reported in Table 2.1. Figure 2.3
reports how the risk, return, and optimal portfolio sharaywvith the expected holding period. The £gure
contains four different de£nitions of return. The primarguigon of housing return includes the mortgage
interest tax deduction. The other de£nitions are alternatsions of the primary de£ntion. The second
de£nition excludes the contribution of the mortgage inteta®s deduction. The third de£nition excludes
the contribution of the implicit rent payments. The fourtideEnal de£nition excludes both the bene£ts of
the implicit rent and the costs of the mortgage payments aaidtance, including only the return due to
capital gains.

The £rst panel shows how the different measures of the td&lofareturn on housing varies with
holding period. Given the large transaction costs assettiaith selling a home, a household must wait
several years until their expected appreciation can cheetransaction costs. For the £rst two de£nitions
of return, the rate of return levels off by year £ve and dedislightly over the rest of the holding period.
The rate of return is concave over the holding period for eflrdtions of return. Naturally, excluding the
benefts from the mortgage interest tax deduction or impigit signiEcantly lowers the rate of return.
The second panel reports the probability of negative tetiairn as a function of holding period. Negative
total returns are defned as when the NPV of outaows exceedsRkeoNinaows. Immediately after a
home purchase, the probability of negative total returnuiseghigh due to the large transaction costs. In
the absence of the bene£ts from implicit rent, the probghiétains very high for all holding periods.
For the other de£nitions the probability drops rapidly withiding period, as the mortgage balance is paid
down and housing continues to apperciate. The £nal paneltseipe standard deviation of the return on
housing. For all de£nitions of the return on housing, thedsesh deviation is quite high for short holding

periods. As the length of the holding period increases, tdwedard deviation falls. The standard deviation
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is signiEcantly lower when the role of implicit rent is acceeshfor. The falling standard deviation is due
to two factors. First, The i.i.d. distribution of the appegon rate of housing encourages mean reversion
over time. Second, longer holding periods reduce the sileeofnortgage balance, reducing the amount of

leverage in housing, in turn lowering standard deviatisoamted with the investment.

Table 2.1: Parameter Assumptions

Parameter Name and De£nition Symbol | Value
Inoation Rate Y 2%
Initial price of house, in period 0 Ho 100
Initial mortgage balance, in period O Bo 80
Initial equity portfolio balance, in period 0 Eo 100
Annual appreciation rate for housing Nh 3%
Standard deviation of housing spperciation oy 11.5%
Mean of return on risky asset Ns 8%
Standard deviation of risky asset return Os 15.7%
Rent-to-price ratio Tl 8%
Nominal Mortgage interest rate T 8%
Mortgage term K 30 years
Percent of home price lost to transaction costs 1 10%
Maintenance and Property Taxes 0 3%
Capital Gains Tax Rate e 15%

Note: Units are in $10,000s or percent.

The concave nature of the return on housing over the holdenigg warrants further investigation.
This concavity is robust across different de£nitions of metand different parameter values. Figure 2.2
reports the average values of the components of housingrerihis chart graphs the average value from
the simulations of the net present value of the home, thegaget balance, and both the sum of net implicit
rent recieved to date and the sum of mortgage payments pdiat¢o The implicit rent is reported net of
maintance costs and property taxes. Both the value of theeland the value of the net implicit rent are
increasing linearly with holding period. The value of thertgage balance is decreasing linearly, while
the value of the mortgage payments in increasing, but isa@nover the holding period. The mortgage
payments are concave over the holding period because thefyxad in nominal terms. While the cow
value of the implicit rent increases steadily with the vadfi¢he home, the aow value of the real mortgage
payments fall over time due to the effects of incation. Thaigadf the stream of mortgage payments

continues to rise over the holding period, but at a slower astthe holding period lengthens.

The primary de£nition of return, including the effects of thertgage intrest tax deduction, is used
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Figure 2.1: Alternate Measures of Risk and Return
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Figure 2.2: Components of Return on Housing
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remainder of this section. Figure 2.3 reports the both hawréturn and standard deviation on housing
and equities varies with holding period and how the optinmatfplio allocation also changes. The return
on both housing and equities is concave over the holdinggefiihe standard deviation for both is falling
over the holding period. For shorter holding period, egsitare actually less risky investments. The risk
associated with housing falls more quickly over the holdiagiod, as the level of leverage in housing
falls. The £nal panel takes these measures of risk and retuhoasing and converts them into optimal
portfolio shares. The base case is the optimal portfolingisoley the rates of apperication for housing and
equities and the associated standard deviations irregpettolding period, mortgage contracts, or taxes.
Households who plan to move after only a few years would pteféiold a negative position in housing.
As the expected holding period increases the standardtieviaf housing decreases, the expected total
rate of return increases, and the optimal share held in hgustreases dramatically. The implication is

that the longer the expected holding period for the home htiye fewer stocks they purchase.

A great deal of variation exists in the mortgage interegsaiaid by households. Lenders generally
require higher interest rates for loans that are riskiere @ay that households might reduce their interest
rate is by increasing their downpayment. Figure 2.4 shoesik and return of housing as a function of the
loan-to-value ratio for holding periods of 5, 10, and 20 geé#ris assumed that the mortgage interestrate is a

declining function of the loan-to-value ratio, with a 1009\ mortgage being charged 8% and a 80% LTV
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Figure 2.3: Risk, Return and Portfolio Allocation as a Fisrcof Holding Period
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mortgage being charged 6.4%. Higher downpayments redecetiérest rate paid by the household, but
also reduce the impact of leveraging on the return on hougia@ result, the return on housing is concave
over the loan-to-value ratio. For loans with high downpagta¢he bene£ts of increasing leveraging offset
the costs of higher interest rates, and the return incress#ise LTV ratio increases. For loans with low
downpayments, the costs of higher interest rates swamsdteased benef£ts of leveraging, and the rate of
return falls as the LTV ratio increases. The standard dieviateadily increases as the LTV ratio increases
in response to the increased leverage. Longer holdinggeeresult in lower mortgage balances, reduced
leverage, and both lower rates of return and lower standarihtion. Lower LTVs result in lower housing

risk and therefore the household holds more of their paatiol housing, as shown in the third panel.

Figure 2.5 shows how the mortgage interest tax deductiadtsda an increasing expected total rate
of return on housing. The values for the fucntigg) are reported in Appendix D and are based on estimates
from the CPS data. The progressive tax structure resultsusdholds with higher incomes receiving a
greater bene£t from the mortgage interest tax deductionaltleeir higher marginal tax rate. The £gure
shows that as income increases, so does the return on haginpe optimal share of the portfolio held
in housing. This effect is mitigated the longer the expedteliing period, since the importance of the

mortgage interest tax deduction to the total return fallihasolding period increases.

The preceding £gures support the argument that the returmisihdn housing vary signifcantly
with the holding period. Figure 2.6 shows how the distribntof both the total dollar return and the total
rate of return for holding periods of 5, 10, and 20 years. Aklihg period increases, the distribution
of the total dollar return, as shown in the bottom panel, bee® more skewed toward the right as the
probability of a negative total return falls. As a resulte ttistribution of the toal rate of return becomes
more symmetric and concentrated. The reason for the iriogegkewness in total dollar return is two-fold.
First the remaining mortgage balance is steadily fallingrdime, and while the stock value of the stream
of mortgage payments is increasing, it is increasing ataesioate. This is because, as seen in Figure 2.2,
the aow value of the real mortgage payments is falling oveeti®econd, while the mortgage payments
remain £xed as the holding period increases, the implicitnesieved increases as the value of the home

increases. These two factors act in concert to increas&éwmness of the total return.
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Figure 2.6: Distribution of Total Return and Conditionalt&af Total Return
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2.5 Empirical Results.

The previous sections provided argued that the total ratetafn on housing varies with the ex-
pected holding period, mortgage terms, and borrower incofiigs section takes the above de£nition of
the total return on housing and estimates the effects ofgutppmortgage, and borrower characteristics
on the risk and return on housing using data from the 1982 Z0@ierican Housing Survey. The sample
is restricted to households with £xed-rate mortgages whe havreEnanced or moved since purchasing
the home. Households with second mortgages or adjustablen@tgages are excluded. The sample was
limited to a set of 20 MSAs where there was suffcient data imeast rent-to-price ratios by MSA and
by property type. Seperate rent-to-price ratios were egéthfor single-family detached, single-family
attached, and multifamly properties. The methodology $hingating these rent-to-price ratios is discussed
in Appendix A.

A small number of obserations had inconsistent values fegratkey variables and were dropped
from the analysis. This included observations where theeeitotal family annual income or the initial
purchase price of the home was less than $1,000, the inibaigage balance was less than $100, or the
initial loan-to-value ratio was less than 1% or greater th2@%. Observations where it was not possible to
determine the age of the mortgage or where the interest edenissing were excluded. Observations with
unrealistic year-to-year changes in the home value werkigad. The resulting sample contains 9,711

observations.

The compound annual total rate of return on housing is catedIfor each survey year in which the
household meets the above conditions, whether or not thechold sold their home. The holding period
is deEned as the length of time since the home was purchaseda®\the case in the previous section, it
is assumed that the household pays transaction costs eqsfd of the home when it is sold. The return
is calculated both with and without the effects of the maggaterest tax deduction (MITD). Versions of
the return are also calculated without the effects of inifptent and considering only the effect of capital
gains. Appreciation rates were taken from survey year teesuyear and annualized. Appreciation rates

are only available for households in the same unit in consgetpanel years.

Tables 2.2 and 2.3 report the explanatory and dependeabl@siused in the analysis in this section.
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Table 2.2: Dependent Variables
Number| Mean | Standard Deviation

CAG Rate of Return with MITD 9,711 | 8.6% 22.6%

CAG Rate of Return without MITD 9,711 | 8.5% 22.5%

CAG Rate of Return without Implicit Rent 9,711 | -9.0% 27.1%

CAG Rate of Return with Only Capital Gains 9,711 | 19.1% 79.7%
Probability of Negative Payoff with MITD 9,711 | 8.4%

Probability of Negative Payoff without MITD 9,711 | 18.7%
Probability of Negative Payoff without Implicit Rent 9,711 | 66.4%
Probability of Negative Payoff Only Capital Gaing 9,711 | 18.8%
Appreciation Rate 6,511 | 1.9% 10.6%

Appreciation Rate plus Rent-to-Price Ratio 6,511 | 9.8% 10.7%

—

The rent-to-price ratios were estimated by year and MSA ftbenAHS data. The MSA housing price
index data was taken from published OfEce of Federal Housittgrrice Oversight (OFHEO) data. In

calculating the marginal tax rate, the reported househlmmdme was used.

Table 2.3: Independent Variables

Mean | Standard Deviation
MSA HPI Change 5.7% 5.4%
MSA Rent-to-Price Ratio 7.8% 2.4%
Central City 35.2% 47.8%
Excellent Neighborhood 28.0% 44.9%
Poor Neighborhood 1.1% 10.4%
Poor Public Schools 4.1% 19.9%
SF Detached 79.0% 40.7%
SF Attached 12.1% 32.6%
Inadequate Housing 1.4% 11.5%
1985 Value/Median MSA 1985 Value 90.9% 54.6%
30 Year Term 90.1% 29.9%
Interest Rate 8.8% 1.9%
Loan-to-Value Ratio 79.7% 18.6%
Payment-to-Income Ratio 20.3% 34.5%
Age of Mortgage 8.9 7.2
15%-Time Homebuyer 25.6% 43.6%
High School 47.6% 49.9%
College 43.9% 49.6%
Black 10.6% 30.7%
Married 75.5% 43.0%
Children in Household 48.4% 50.0%
Log Income 10.8 0.7

Figure 2.7 shows an estimate of the distribution of both thal tdollar return and the total rate of
return for three different measures of return from Table ZI# de£nition of the appreciation rate is based
on year to year changes while the capital gains measure isctidn of the appreciation in the home since

purchase, the remaining mortgage balance, the intial daympnt, and the length of holding period. The
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£rst panel shows that the distributions for the total ratetfmn are dispersed and have a slight skew towards
the right. A large number of the observations have very sdlpositive total returns. This distribution
then trails off to the right and drops sharply to the left. STheasure results in more observations with
negative total returns than the capital gains measure digsehere the net present value of the mortgage
payments exceeds the net present value of the implicit féris group would consist of households with
high mortgage payments and low rent-to-price ratios.

Figures 2.8 and 2.9 report a series of distributions of tted teturn and rate of total return condi-
tional on several home or borrower characteristics. In thygeu panels of Figure 2.8 the data is divided
based on whether the property type is single-family detadrenot. The distibution of the total rate of
return for homes single-family detached homes was highaar the distribution of the rate of return for
other homes. The distibution for the total return for siAfglsily detached homes had a more pronouced
righward skew than the distribution for other homes. Thedopanels of Figure 2.8 show the distributions
for households with family income above and below the medi@he distributions for the total rate of
return was slightly higher for families with higher incomeouseholds with higher income have greater
rightward skew in their distribution of total dollar retwrand sign£cantly lower probability of negative or

very small total dollar returns.

The upper panels of Figure 2.9 show the distributions of ¢it& tate of return and total dollar re-
turns by race. The distribution for the total rate of retusnrion-blacks is skewed to the right and have a
signi£cantly lower probabiliy of negative or very small tadallar returns. The lower panels of Figure 2.9
provide the £nal set of distributions, broken out by educatiGollege educated households have signi£-
cantly greater variation in the total rate of return and al agea higher probability of large dollar returns.
Figures 2.8 and 2.9 suggest than both risk and return migkitwih borrower characteristics. However
such a univariate analysis masks the many interactionseleeithe characteristics of the household and

their mortgage and housing choices.

Table 2.4 contains the results from a set of logistic regoasn the probability of a negative dollar
return for different housing return measures. For the ahgdins only de£nition, a negative total return is

equivalent to negative equity. The £rst section of the tablgains variables associated with the location
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Figure 2.7: Distribution of Return on Housing from AHS
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Figure 2.8: Distribution of Total Return and Rate of Totatira
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Figure 2.9: Distribution of Total Return and Rate of Totatira
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of the property. When local home prices have been increatiegprobability of a negative total return
decreases. Higher rent-to-price ratios reduce the priityadsi negative return only when the implicit rent
is taken into account. A higher rent-to-price ratio incesathe value of the consumption stream the home
provides, increasing the overall return. Higher rent-ticg ratios increases the probability of negative
return when implicit rent is not taken into account. This i&sehe negative correlation between rent-to-
price ratios and appreication rates discussed in moreldetimiw. Neighborhood quality, a central city

location, and school quality do not explain much of the Jaility in negative total returns.

The next set of variables contains information on propehigracteristics. The reference category
for structure type is mobile homes and apartments. Houdshnolsingle-family detached homes are less
likely to have negative total returns than those in singlaify attached units. Single-family attached homes
are in turn are less likely than mobile homes or multi-fanuihjits to have negative total returns. The ratio
of the value of the unit in 1985 to the median value for the MBA985 was used as a consistent measure
of how expensive a unit is. This ratio is not particularlyréirant in the probability of negative total return

regressions.

Mortgage characteristics are included in the next groumdfbles. Households with 30-year mort-
gages have a higher probability of negative total dollannethan those with shorter term mortgages due
to the slower rate at which they pay down their mortgage lealanWhen implicit rent is accounted for the
interest rate is signiEcant and negative, but not the LT\bratfhen the implicit rent is not included in the
measure of return, the LTV ratio is signiEcant and negativenbt the interest rate. The negative effect of
the LTV ratio is inutitive. Naturally, the larger the intiehuity position, the more the household can lose
before suffering a negative total return when the investrperduces no dividends and only capital gains.
Higher interest rates also reduces the return on housingdogasing the costs. For returns without implicit
rent this relationship is still negative, just not signi£carhe probability of a negative total return declines

with the age of the mortgage, as the remaining mortgage talarpaid down.

The next group of variables focuses on borrower charatiterisHigh school and college educated
households are less likely to have negative total dollarnst Purchasing a home is a daunting and time

consuming task with a large degree of asymmetric informatitouseholds with more education might be
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Note: The standard deviations are presented in parenthésepresents signi£cance at the 1% level amepresents signi£cance at

the 5% level.

Table 2.4: Probability of Negative Total Return

W/OMITD | W/MITD | W/O Implicit Rent | Cap. Gains Only

Constant 3.565* 4.0353* 1.379* -1.172
(0.666) (0.669) (0.539) (0.737)

MSA HPI Chg -1.403* -1.484* -4.345** -7.127+
(0.580) (0.583) (0.433) (0.639)

MSA RTP Ratio | -9.269** -9.429** 26.262** 7.781**
(1.408) (1.420) (1.228) (1.395)

Central City 0.0770 0.103 -0.0114 0.190**
(0.0644) (0.0648) (0.0518) (0.0665)

Ex. Nbhd -0.0384 -0.0290 -0.124* -0.0923
(0.0685) (0.0690) (0.0535) (0.0712)

Poor Nbhd 0.426 0.394 0.641* 0.396
(0.265) (0.267) (0.265) (0.295)

Poor Sch -0.0576 -0.0827 0.0240 0.0522
(0.160) (0.161) (0.117) (0.155)

SF-Detch -0.740** -0.757* -0.631* -1.0230**
(0.105) (0.105) (0.0969) (0.104)

SF-Attcd -0.494** -0.544* -0.330** -1.0261**
(0.125) (0.278) (0.115) (0.126)

Inadeq. -0.474 -0.552* -0.399* 0.203
(0.269) (0.278) (0.200) (0.241)

Val85/ 0.0405 0.0264 -0.216** 0.0149
MedMSAVal85 (0.0637) (0.0644) (0.0478) (0.0626)
30yr 0.345** 0.314* 0.721** 1.0208**
(0.101) (0.102) (0.0779) (0.103)

Int. -4.967* -5.812* -1.887 0.516
(1.647) (1.663) (1.370) (1.692)

LTV 0.174 0.107 -0.894** -1.713*
(0.175) (0.176) (0.138) (0.174)

PTI -0.0647 -0.0739 0.0960 0.653**
(0.0951) (0.0956) (0.0911) (0.107)

Age -0.604** -0.583"* -0.298"* -0.489**
(0.0162) (0.0162) (0.0143) (0.0185)

Agée? 0.0216** 0.0209** 0.0161** 0.0117+*

(0.000627) | (0.000624) (0.000717) (0.000899)

15Time -0.0145 -0.0323 -0.0600 0.0526
(0.0678) (0.0685) (0.0549) (0.0696)

HighSch -0.339* -0.286* -0.204* -0.146
(0.110) (0.111) (0.0924) (0.123)

College -0.326** -0.258* -0.177 -0.159
(0.116) (0.116) (0.0968) (0.127)

Black 0.476** 0.482** 0.322" 0.183
(0.0981) (0.0982) (0.0845) (0.108)

Married -0.0292 -0.0251 0.0930 0.0615
(0.0739) (0.0744) (0.0602) (0.0771)
Children 0.0150 0.0592 0.0871 0.00921
(0.0660) (0.0665) (0.0514) (0.0670)

Log(Inc) -0.123* -0.167** -0.0631 0.252**
(0.0549) (0.0551) (0.0440) (0.0615)

Log L -3,621 -3,587 -5,327 -3,355

Num Obs. 9,722 9,722 9,722 9,722
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more adept at the home search and purchase process andithg@uaichase homes and acquire mortgages
less likely to produce negative total dollar returns. Bkeke more likely to have negative total returns.
Both race and educational effects are only signiEcant whendhkt of the mortgage payments are accounted
for. The effect of the mortgage interest tax deduction isttuce the probability of a negative total return
for households with high levels of income and higher coresiing marginal tax rates. Income still have a
negative and signi£cant impact even when the mortgage sttisrededuction is not accounted for, but has
a positive effect on the probability of negative equity. §hiight recect a selection effect. These measures
of return are unrealized measures. Negative equity is dgmmothat must be addressed only when the home
is sold, or if the household is unable to make the mortgagepays. High income households have lower
probability of missing mortgage payments, and therefoseggadess concern to the problems of unrealized
negative equity. They feel they can continue to make theinmeants, until the local housing market recovers

and they pay down the balance on their mortgage.

Table 2.5 reports the results for OLS regressions of the umea®f housing return. The £rst columns
uses the appreciation rate while the next four columns usesdme measures of return used in Table 2.4,
conditional on a positive total return. The explanatoryialsles are the same as those used in the logistic
regression of the probability of negative total dollar ratulncreases in the local MSA home price index
have positive and signiEcant effects on all the measures usihg return. The local rent-to-price ratio
has a positive and signi£cant effect only when the impliaitt fie included in the measure of housing
return. Otherwise its impact is negative and signiEcant.s€éhesults support the hypothesis that, to some
extent, housing markets are clearing. That is, in marketsg/housing provides a large dividend to owners
through a high rent-to-price ratio, the rate of appreciat®lower. Conversely, in other markets the rate
of appreciation is higher to compensate for lower dividenHemes in the central city had lower rates
of appreciation. The rate of appreciation also is sensttivéhe reported quality of the neighborhood,
with homes in excellent neighborhoods having on averagesater rate of appreciation than homes in
poor neighborhoods. However, for the most part, none of thasures of total return are sensistive to the

location or neighborhood quality of the home.

The effects of property type are as expected. Single-fahdityes have higher rates of appreciation
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Table 2.5: Model of Return on Housing

Appreciation | W/O MITD W/ MITD WI/O Implicit Rent | Cap. Gains Only
Constant -0.130** -0.298** -0.323** -0.292** 0.445
(0.0291) (0.0403) (0.0406) (0.0452) (0.168)
MSA HPI Chg 0.600** 0.309** 0.315** 0.511** 0.638"*
(0.0245) (0.0379) (0.0378) (0.0435) (0.104)
MSA RTP Ratio -0.172** 0.644** 0.626"* -0.987** -0.892*
(0.0564) (0.0993) (0.100) (0.108) (0.294)
Central City -0.01291** -0.00431 -0.00501 -0.00377 0.0219
(0.00293) (0.00496) (0.00496) (0.00550) (0.0184)
Ex. Nbhd 0.0109** 0.00542 0.00646 0.00458 -0.00686
(0.00285) (0.00503) (0.00501) (0.00549) (0.0153)
Poor Nbh -0.0338** 0.00560 0.00606 -0.0108 -0.0280
(0.00144) (0.0246) (0.0252) (0.0274) (0.0647)
Poor Sch 0.000910 0.00832 0.00542 0.00876 -0.0417
(0.00644) (0.00981) (0.00973) (0.0121) (0.0215)
SF-Detch 0.0333** 0.0673* 0.0685"* 0.0903** 0.126**
(0.00626) (0.00958) (0.00967) (0.0109) (0.0301)
SF-Attcd 0.0298** 0.0445* 0.0465** 0.0576 ** 0.0818*
(0.00701) (0.0109) (0.0110) (0.0124) (0.0331)
Inadeq. 0.0145 0.00643 0.0197 0.0346 -0.0718
(0.00866) (0.0208) (0.0206) (0.0229) (0.0406)
Val85/ -0.00912** -0.00922* -0.00698 -0.0136** -0.0164
MedMSAVal85 (0.00303) (0.00431) (0.00426) (0.00517) (0.0121)
30yr 0.00851 -0.0319* -0.0298* -0.0886"* -0.148*
(0.00448) (0.00794) (0.00808) (0.00839) (0.0332)
Int. -0.0687 0.216 0.195 0.588"* -0.319
(0.0820) (0.143) (0.143) (0.158) (0.578)
LTV -0.00388 0.114** 0.140** -0.156** 0.690**
(0.00747) (0.0114) (0.0115) (0.0129) (0.0444)
PTI 0.00604 0.00463 0.00390 -0.00968 -0.0917**
(0.00381) (0.00537) (0.00548) (0.00719) (0.0209)
Age -0.000362 0.0122** 0.00753** 0.0398"* -0.0109**
(0.000550) (0.00114) (0.00114) (0.00117)) (0.00423)
Agée? 0.00000606 | -0.00201** | -0.000466** -0.00121** 0.000135**
(0.0000214) | (0.0000316)| (0.0000316) (0.000316) (0.000118)
15tTime 0.00184 -0.00201 -0.00209 -0.00236 -0.0162
(0.00272) (0.00515) (0.00514) (0.00565) (0.0182)
HighSch 0.0169** 0.0177* 0.0172** 0.0214* 0.0428
(0.00584) (0.00837) (0.00837) (0.00962) (0.0263)
College 0.0245** 0.0283** 0.0281** 0.0360** 0.0103
(0.00595) (0.00897) (0.00896) (0.0102) (0.0255)
Black -0.0151** -0.0258** -0.0263** -0.0254** -0.00679
(0.00487) (0.00843) (0.0153) (0.00921) (0.0354)
Married 0.000371 -0.00367 -0.00202 -0.00291 -0.0135
(0.00336) (0.00591) (0.01099) (0.00660) (0.0216)
Children 0.0000808 -0.00379 -0.00586 -0.00238 -0.0121
(0.000853) (0.00498) (0.00955) (0.00545) (0.0156)
Log(Inc) 0.00890** 0.0120** 0.0154** 0.0113* -0.0572*
(0.00234) (0.00330) (0.00790) (0.00372) (0.0154)
R? 0.119 0.052 0.058 0.202 0.039
Num Obs. 6,510 9,722 9,722 9,722 9,722

Note: The standard deviations are presented in parenthiésepresents signiEcance at the 1% level amdpresents signi£cance at
the 5% level.
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than do mobile and multi-family homes. This results, corelimvith the estimated rent-to-price ratios in
Appendix B, provide additional support that housing masleete clearing. Single family homes have higher
rates of appreciation but lower provide lower dividends thulwer rent-to-price ratios. Multifamily units
have lower rates of appreciation, but provide higher din@iethrough higher rent-to-price ratios. Further
work will explore the differences in appreciation rates agat-to-price ratios across property types. More
expensive units, as measured by the ratio of the value ofrifidaithe median MSA level value in 1985
have slightly lower rates of both return and appreciatidme &ffects of the mortgage terms on the total rate
of return on housing are also as expected. Households wiyle&0£xed rate terms are paying down their
mortgage balance more slowly, resulting in a lower rate t#lteeturn. Higher LTV ratios result in higher
rates of return by increasing the effects of leveragindiaaigh this effect turn negative when the cost of
the mortgage payments but not the bene£ts of the implicitasnincluded. The return is concave over the

holding period increases, as suggested by the simulatsuitse

The last set of independent variables represents the &ffébbrrower characterisitics. Households
with higher level of education or income have higher ratesetiirn and appreciation while blacks have
lower rates of return and appreciation. The one except®nas the case the the models of the probability
of negative total return, is the measure including only dgains. The results from the appreciation
regression indicates that households with higher leveldotation or income do in fact purchase homes
that appreciate at higher rates and blacks purchase horeappreciate at lower rates. However, when
the size of the downpayment and remaining mortgage balaeagsad to calculate the rate of return from
capital gains, neither income, education, or race are&igmit. WWhen the costs of the mortgage payments

are then accounted for, all these characteristics are onoe sighi£cant.

One possible explanation that £ts this pattern is that haldgthat have low income, low education,
or who are black might purchase homes with lower downpaysadhthe cost of the downpayment is the
primary measure of the outeow associated with the investntlist might result in what appears to be
higher rates of return even when the appreciation on therlyiag property is low. Once the true cost of
the mortgage is accounted for, the true rate of return isidarehis group. In fact the impacts of income,

education, property type, and race all increase once thetsfbf the mortgage contract and implicit rent are
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accounted for. Households with low income, low educationwloo are black are losing out not once but
twice. The homes they purchase appreciate at lower ratdgharmortgages they take out further reduces

their rate of return on their investment.

2.6 Conclusions.

The goal of this paper was two-fold. The £rst goal was to devetoalternative measure of the total
rate of return on housing that accurately accounts for theeabthe mortgage contracts and the stream of
housing services associated with owner-occupied houdihg.second goal was to provide both theoret-
ical and empirical evidence that the total return on housaxies with property, mortgage, and borrower

characteristics.

The alternative measure developed here shows that thedtgalf return on housing is concave over
the holding period. The probability of negative equity peekrly in the holding period and then declines,
as does the standard deviation of the total rate of retura.tdtal rate of return on housing is also concave
over the LTV ratio, as the bene£ts of higher leverage are bathwith higher interest rates. The mortgage
interest tax deduction increases the returns for highayrare borrowers through their higher marginal tax
rates. As the risk and return of housing varies with the mggieriod, mortgage terms, and income level,

so does the optimal portfolio share of investments held intess.

Property, mortgage, and borrower characterisics all hayefcant effect on the total rate of return
on housing. Single-family homes, espcially single-fantigtached homes, provide higher rates of return.
Higher levels of human capital, measured either as the téerlucation or household income, signi£cantly
decreases the probability of a negative total return anckases the appreciation rate of the home itself.
The high degree of assymentric information and uncertaiagpciated with the home search and purchase
process allows households with higher levels of human abfoitmake signiEcantly better investment de-
cisions. Households that have low income, low educationytw are black have a higher probability of
negative total return and lower total rates of both retuh@ppreciation. The role of the mortgage contract

seems to augment the effect of income, education, race apenpy type on the rate of return on housing.

To use only the appreciation rate of housing to measurerrégmores the effects of the mortgage
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contract on the total rate of return on housing. The tota acdtreturn measure developed here captures
capture how the risk and return on housing varies with mgegaroperty, and borrower characteristics.
Existing papers have documented how the demand for rislgtsagary with the holdings of home equity,
but have not explored the heterogenity of the risk and retarnousing as a funciton of mortgage, property,
and borrower characteristics. The next step in this rebearto see if there is empirical evidence of
household’s demand for risk assests varying with the pritityabf a negative total return and total rate of

return on housing.
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Appendix A

Baseline Model Parameter Values

The parameter values for the baseline model are chosen tonséstent with other models in the
relevant literature. As was discussed in the Section 3,nibeme process consists of a deterministic and
a transitory factor. The income process is based on thetsesiutegressions of Social Security earnings
on age and age-squared. The dependent variable is the lbg @fage income in constant 1990 dollars.
The transitory factor of wage is recected in the estimateddstal error of the regression. The wage is
converted from log to level terms in the model. At age 65 thellef the deterministic wage falls to a oat
level equal to 60% of the last period’s income before anysitary shocks, representing a system of forced
retirement and a de£ned bene£t pension plan. The coefEciahttardard deviation used in this version

of the model are shown in Table A.1 below.

Table A.1: Log Income Regression Results

Constant Yo | 7.28626
CoefEcient Age Y1 | 0.10278
CoefEcient of Agé g | -0.00098
Std. Dev. ow | 0.80778
R? 15.5%
Probability of Unemployment v 1%

The market price of a housing unit is the result of settingdibirministic home price at age 60 with
the National Association of Realtors’ 1990 median homeepritis assumed that a median home consists
of 10 housing units. The home prices are converted to con$880 dollars and the deterministic home
price series are calculated using the historical averagene The average and standard deviation of the
return on housing are at taken from Li and Yao (2004) and amsistent with Campbell Cocco (2003). The
mortgage interest rate used is the average rate on loan8®ftHoan-to-value ratios as reported by Freddie
Mac from 1969 to 2001, adjusting for the inoation rate. Theeet required for downpayment represents
the minimum needed to avoid paying mortgage insurance. réhedction, maintenance, and moving costs

are based on survey data provided by the National AssoriatidRealtors. The values chosen for the
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current version of the model are presented in Table A.2 heldwe risk and return on risky assets follows

Yao and Zhang (2004).

Table A.2: Values of Market Parameters

Parameter Name and De£nition Symbol | Value
Real risk free rate of return r 2%
Price of 1 housing unit, at age 60 Pso(1) | 1.003
Size of small homes h(is) 8
Size of large homes h(i) 12

1%
11.5%
6%

Mean of real return on housing Nh
Standard deviation of housing return Oh
Mean of real return on risky asset Ns
Standard deviation of risky asset return Os 15.7%
Probability of 100% loss on risky asset 'S 1%
Mortgage interest rate ! 5%
Percent required as downpayment M 20%
Percent of home price lost to transaction costs t 10%
Maintenance costs e} 0.7%
Moving costs X 0.3
Tax Rate Y 30%
Re£nancing Costs 4 3%
Inaation v 2%

Note: Units are in $10,000s or percent.

The values for the preference parameters shown in Table&dhbwere chosen to replicate certain
stylized facts about the role of owner-occupied housingartfplios, speci£cally the large share of total
wealth held in home equity. AR value of 2 represents a relatively low, but realistic, lexgalisk aversion.
An B value of 0.96 is a commonly used discount rate. Plalue of 0.2 rerects the share of total household
expenditures allocated to housing expenditures in the ZBfiisumer Expenditure Survey from the U.S.
Department of Labor. The discount rate for bequests ared.8f 0.8 for 8y, and 0.8 forBy. They
are chosen to imply that households would rather consumedditional dollar than leave an additional
dollar as a bequest and that households place a premiumvangdeheir homes as bequests relative to other

assets.

Table A.3: Values of Structural Parameters in Calibratedi&o
A ® | 6a | B4 | Owm
21096|02|08|08]|0.8
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Appendix B

Model Parameter De£nitions

Table B.1: Model Parameter De£nitions

Parameter Name and De£nition Symbol
Consumption Gt
Tenure Choice, next period ite1
Share of Financial Assets held in risky assets a
Age of Mortgage (Re£nancing=Change Age of Mortgage) Kty1
Tenure Choice, this period it
Current Age of Mortgage Kt
Value of Financial Assets A
Value of Home Hi
Tenure Choice, rent ir
Tenure Choice, own small house is
Tenure Choice, own large house i
Number of housing service units for tenure chdice h(it)
Realized Earnings =Y
Remaining Mortgage Balance Dy
Recurring Housing Costs X (i, Kt)
Mortgage Interest paid le (it, Kt)
Net Gain/Loss from Home Sale/Purchase Gt (it, it+1, Kt)
Net Gain from Cash-Out Re£nancing Zi (K, Kty1)
Mortgage Payment Mt (it, Kt)
Risk Aversion A
Discount rate B
Housing Utility CoefEcient @
Bequest Parameter - Financial Assets Oa
Bequest Parameter - Housing 64
Bequest Parameter - Mortgage Debt Om
Survival Probability Pt
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Appendix C
Estimating Rent-to-Price Ratios

A key component of the return on housing is the stream of ititplent consumed by the owner.
In order to quantify the value of this stream, it is necessamystmate a rent-to-price ratio. This appendix
describes the methodology used to estimate rent-to-patesrby year and MSA using the AHS data
following Phillips (1988). Assuming that markets clear thsset value of the home should equal the net
present value of the rental income the home provides, or

L R-C
V:i;(l+r)t’ (C.1)

whereV is the asset value of the hontg, is the market clearing rent in periodG; is the £nancing and
operating cost in yedr r is the discount rate, andis the property’s useful life. This relationship can be

rewritten as
R-C  ER-CG 6 AR-G

V=T Jri;(lﬂ)t +i;(1+r)t

(C.2)

where the £rst term represents current year net rent, thedeeon is the net present value of the rental

stream up until perio#t, and the £nal term represents the home'’s resale value irdderio

The current rent-to-price ratio is defned as

Ry
p= v (C.3)
The formula can be rearranged as follows:
Ry
V=— (C.49)
M

implying that the rent-to-price ratio can be interpretedhesrate at which current rents are capitalized into

asset values.

Estimating these rent-to-price ratios would be quite gtraforward if we possesed data on both
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current rents and asset values of individual homes. In mastséts, including the AHS used here, there
is data on assets prices or current rent, but not both. Tleedeo-price rates are imputed using a tenure

hedonic model based on Phillips (1988) in form of
In(Pt) = Bit X+ Vi TENURE+ 6; TENUREx Y + g, (C.5)

whereP; is the natural logarithm of home values and rents inicétitimet, X is a vector of unit character-
isics in cityi at timet, Y is a matrix of property type, anlENUREequals 1 if the unit is owner-occupied
and O if it is a rental unit.

The difference between the rental and owner-occupied et
IN(Rt) —In(Vit) = —Vit — Bit *, (C.6)

or, equivalently,

Rit

In(—
(Vit

)= Vit — Bt xY. (C.7)

Therefore the vector of rent-to-price ratios by properpetyor cityi at timet can be imputed as

PR SEpEVETRS (C.8)
Vit

The model is estimated over a set of MSAs using the AHS fronb61882003. The vector of
property types includes single-family detached, singleify attached, and multi-family. The resulting
imputations ofy; are then merged back in with the AHS data where they are usealdolate the implicit
rent generated by owner-occupied housing. The estimatedvafiy; are provided in Tabl@?. In addition
to the TENUREdummy, the explanatory variables include the number of sgammber of bathrooms,
and dummies for central city location, single-family détad, single-family attached, multi-family, air-

conditioning, excellent quality neighborhood, poor gyatieighborhood, and garage.
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Table C.1: Estimated Rent-to-Price Ratios

MSA Property Type| 1985 1987 1989 1991 1993 1995 1997 1999 2001

Anaheim, CA SF-Detached | 6.34% | 6.25% | 4.86% | 5.37% | 5.11% | 5.37% | 8.36% | 6.17% | 4.98%
SF-Attached | 6.58% | 4.85% | 5.08% | 453% | 7.24% | 6.70% | 9.70% | 8.28% | 6.11%
MF 6.95% | 7.93% | 8.05% | 6.45% | 7.06% | 8.57% | 11.61% | 857% | 11.61%
Atlanta, GA SF-Detached | 8.54% | 8.50% | 9.45% | 10.40% | 8.86% | 9.03% | 6.72% | 8.30% | 6.87%
SF-Attached | 6.32% | 9.85% | 5.72% | 6.91% | 7.82% | 10.64% | 12.74% | 9.23% | 7.58%
MF 9.31% | 6.96% | 9.61% | 9.44% | 8.88% | 10.46% | 12.62% | 9.27% | 9.88%
Baltimore, MD SF-Detached | 7.50% | 7.25% | 6.14% | 10.14% | 6.24% | 9.74% | 9.00% | 5.74% | 6.22%
SF-Attached | 9.71% | 8.43% | 8.31% | 10.14% | 10.16% | 9.74% | 9.00% | 10.95% | 11.83%
MF 9.49% | 8.15% | 8.03% | 10.14% | 7.99% | 9.74% | 9.00% | 5.74% | 11.83%
Boston, MA SF-Detached | 6.18% | 5.40% | 5.68% | 5.73% | 7.02% | 6.86% | 7.28% | 6.79% | 5.45%
SF-Attached | 3.15% | 16.12% | 4.35% | 5.61% | 2.85% | 17.84% | 15.12% | 1.26% | 3.00%

MF 6.22% | 4.98% | 5.41% | 5.77% | 8.49% | 7.69% | 9.05% | 8.90% | 7.00%

Chicago, IL SF-Detached | 6.42% | 6.40% | 6.56% | 5.65% | 6.48% | 6.42% | 9.38% | 7.74% | 8.20%
SF-Attached | 7.15% | 7.99% | 6.32% | 8.36% | 4.95% | 6.68% | 8.59% | 10.22% | 9.53%
MF 11.08% | 9.40% | 10.11% | 8.81% | 9.54% | 9.30% | 12.66% | 11.43% | 8.98%
Dallas, TX SF-Detached | 6.88% | 8.63% | 8.57% | 9.52% | 10.98% | 10.91% | 10.44% | 9.33% | 10.75%
SF-Attached | 7.36% | 4.59% | 9.91% | 8.88% | 10.88% | 12.45% | 12.46% | 14.37% | 9.78%
MF 9.21% | 12.07% | 14.99% | 7.96% | 19.27% | 14.58% | 9.72% | 16.67% | 13.08%
Detroit, Ml SF-Detached | 10.69% | 10.29% | 10.65% | 10.64% | 12.38% | 11.11% | 9.15% | 7.86% | 6.93%
SF-Attached | 13.08% | 9.42% | 12.92% | 13.82% | 11.41% | 12.88% | 14.36% | 9.66% | 9.39%
MF 16.53% | 23.42% | 13.92% | 15.54% | 13.11% | 13.05% | 16.22% | 10.70% | 11.09%
Houston, TX SF-Detached | 9.77% | 8.23% | 10.44% | 10.52% | 10.32% | 10.80% | 12.27% | 12.83% | 11.37%
SF-Attached | 8.62% | 8.37% | 18.13% | 10.24% | 11.15% | 10.09% | 13.38% | 14.91% | 12.46%

MF 6.02% | 10.41% | 12.10% | 14.24% | 15.71% | 16.46% | 18.67% | 21.17% | 18.10%

Los Angelos, CA | SF-Detached | 5.41% | 5.75% | 4.28% | 454% | 4.83% | 5.22% | 554% | 591% | 4.55%
SF-Attached | 5.72% | 6.83% | 5.24% | 512% | 457% | 6.62% | 6.66% | 5.90% | 5.41%
MF 572% | 6.96% | 4.92% | 5.38% | 5.05% | 6.00% | 6.96% | 8.07% | 9.29%
Miami, FL SF-Detached | 9.18% | 7.19% | 9.01% | 7.71% | 7.49% | 7.82% | 7.38% | 6.79% | 8.27%

SF-Attached | 8.12% | 9.75% | 9.65% | 10.33% | 10.86% | 9.58% | 8.31% | 7.98% | 8.24%

MF 11.35% | 11.25% | 11.86% | 11.53% | 9.86% | 12.18% | 11.69% | 8.23% | 10.49%

D

Continued on next page
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Table C.1 — continuted from previous page

MSA Property Type| 1985 1987 1989 1991 1993 1995 1997 1999 2001
Minneapolis, MN | SF-Detached | 8.59% | 8.02% | 9.12% | 8.31% | 7.98% | 6.80% | 11.76% | 9.26% | 7.97%
SF-Attached | 9.47% | 11.27% | 9.18% | 9.29% | 9.32% | 9.78% | 10.00% | 8.64% | 10.70%
MF 8.59% | 9.87% | 10.70% | 12.08% | 12.30% | 11.17% | 11.13% | 10.67% | 12.02%
New York, NY SF-Detached | 9.50% | 5.38% | 3.94% | 6.67% | 6.24% | 7.48% | 5.06% | 4.41% | 11.52%
SF-Attached | 4.97% | 5.38% | 3.74% | 6.67% | 6.24% | 7.48% | 4.41% | 556% | 11.52%
MF 9.50% | 5.38% | 5.19% | 6.67% | 6.24% | 7.48% | 10.65% | 9.66% | 11.52%
Newark, NJ SF-Detached | 4.96% | 6.85% | 5.94% | 6.47% | 5.26% | 8.46% | 12.64% | 10.47% | 7.62%
SF-Attached | 9.39% | 6.85% | 5.94% | 6.47% | 9.13% | 8.46% | 12.64% | 10.47% | 7.62%
MF 9.39% | 6.85% | 5.94% | 6.47% | 9.13% | 8.46% | 12.64% | 10.47% | 7.62%
Oakland, CA SF-Detached | 5.99% | 6.18% | 4.67% | 499% | 5.17% | 5.88% | 6.01% | 5.31% | 3.74%
SF-Attached | 7.85% | 6.09% | 5.55% | 4.66% | 5.56% | 8.63% | 5.52% | 5.56% | 4.65%
MF 5.62% | 7.72% | 4.85% | 5.82% | 4.66% | 5.12% | 10.75% | 6.48% | 4.36%
Philadelphia, PA | SF-Detached | 6.62% | 591% | 5.82% | 7.73% | 7.36% | 6.83% | 8.39% | 6.36% | 6.90%
SF-Attached | 8.65% | 10.23% | 9.65% | 8.87% | 10.44% | 9.70% | 13.56% | 10.96% | 11.10%
MF 11.44% | 8.59% | 8.63% | 10.44% | 8.78% | 10.70% | 8.86% | 16.68% | 9.87%
Phoenix, AZ SF-Detached | 8.27% | 8.72% | 10.84% | 857% | 7.65% | 8.33% | 7.56% | 8.10% | 8.16%
SF-Attached | 9.40% | 4.70% | 15.67% | 9.88% | 10.75% | 9.37% | 8.39% | 9.95% | 10.97%
MF 10.92% | 11.26% | 8.48% | 9.30% | 12.97% | 12.07% | 9.80% | 6.94% | 10.95%
San Diego, CA SF-Detached | 6.44% | 5.92% | 7.09% | 5.21% | 6.12% | 6.19% | 7.55% | 7.95% | 4.73%
SF-Attached | 6.37% | 6.43% | 9.23% | 5.66% | 5.25% | 5.68% | 22.09% | 10.47% | 4.53%
MF 7.74% | 7.47% | 6.82% | 4.77% | 6.23% | 5.64% | 25.37% | 7.92% | 4.83%
San Francisco, CA SF-Detached | 4.93% | 4.38% | 3.28% | 3.98% | 3.95% | 4.57% | 12.60% | 4.28% | 2.90%
SF-Attached | 4.21% | 4.51% | 2.89% | 3.98% | 4.40% | 3.63% | 4.76% | 5.16% | 1.50%
MF 598% | 5.72% | 4.77% | 3.98% | 5.66% | 4.98% | 9.57% | 5.69% | 3.66%
Seattle, WA SF-Detached | 7.08% | 8.63% | 6.74% | 5.68% | 5.85% | 6.03% | 4.91% | 6.01% | 4.03%
SF-Attached | 5.79% | 5.90% | 10.73% | 10.67% | 5.85% | 3.58% | 0.01% | 5.77% | 6.47%
MF 6.24% | 6.32% | 10.03% | 9.99% | 7.49% | 6.64% | 7.49% | 7.58% | 7.47%
Washington, DC SF-Detached | 7.00% | 6.20% | 6.49% | 5.69% | 5.86% | 5.99% | 6.91% | 7.45% | 5.01%
SF-Attached | 7.42% | 6.37% | 6.32% | 6.75% | 6.85% | 6.50% | 6.58% | 8.88% | 9.09%
MF 8.71% | 8.40% | 7.43% | 7.81% | 8.49% | 9.37% | 14.97% | 15.19% | 8.60%

Continued on next page
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Table C.1 — continuted from previous page

MSA Property Type| 1985 1987 1989 1991 1993 1995 1997 1999 2001

United States SF-Detached | 7.03% | 6.60% | 6.22% | 6.58% | 6.57% | 6.92% | 7.53% | 6.93% | 6.04%

SF-Attached | 8.35% | 8.04% | 7.54% | 7.77% | 7.92% | 8.94% | 9.30% | 9.45% | 8.44%

MF 9.28% | 7.26% | 6.82% | 7.39% | 7.45% | 8.35% | 11.17% | 10.07% | 8.99%

Appendix D
Income Tax Rates

Table D.1: Progressive Income Tax Structure

Income Range | Marginal Tax Rate|
$0 to $5000 0.15%
$5000 to $10000 2.38%
$10000 to $15000 5.27%
$15000 to $20000 7.93%
$20000 to $25000 10.86%
$25000 to $30000 12.15%
$30000 to $35000 14.48%
$35000 to $40000 15.92%
$40000 to $45000 17.19%
$45000 to $50000 17.17%
$50000 to $55000 18.16%
$55000 to $60000 20.09%
$60000 to $65000 23.75%
$65000 to $70000 26.64%
$70000 to $75000 27.57%
$75000 to $85000 28.07%
$85000 to $90000 28.15%
$90000 to $95000 28.10%
$95000 to $100000 28.12%
$100000 to $12500( 28.65%
$125000 to $15000( 30.71%
$150000 to $17500( 31.42%
$175000 to $20000( 33.71%
$200000 to $25000( 37.34%
$250000 or more 38.24%
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