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Abstract

Under a standard mortgage contract the household’s martgagment is fixed in nominal
terms. In order to transfer assets from home equity to thadiaaportfolio, the household must
refinance the mortgage and reset the nominal payment to thentyrice level. The higher the
rate of inflation, the faster the real mortgage payment deslover the life of the mortgage, and
the household faces higher refinancing costs, and re-tmathea portfolio between home equity
and financial assets less frequently. As the rate of inflaticreases, households hold larger
positions in home equity earlier in the life-cycle, and derapositions later in the life-cycle.
The costs associated with resetting the nominal mortgagengiat when refinancing also helps

explains why retired households hold such a significanigrouf their wealth in housing.
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1 Introduction.

When attempting to discern the avenue through which infiaten affect the
real macro-economy, a common assumption is that pricesstieky”. These
“sticky” prices are usually taken to represent long-ternggaontracts, or menu
costs associated with changing prices. These example®okererhaps one of
the “stickiest” of prices, the nominal mortgage contracthil& wage contracts
often are re-negotiated every year or two, a standard mgetgesults in the fixed
nominal mortgage payments for up to 30 years. Despite théHfatmortgage in-
terest rates are nominal and reflect both current and aatezdevels of inflation,
the nature of the fixed nominal payment does impact investbedravior over the
life-cycle. The real mortgage payment declines over tlgedifthe contract, while
the payment on a new mortgage increases in pace with inflaktuis friction dis-
courages households from more frequently re-balancing tibial portfolio and
shifting assets from home equity into financial assets.

Housing wealth is a vitally important but understudied comgnt of house-
hold wealth. The single most significant asset for many hoolsks in the United
States is the equity held in their home. Flavin and Yamagk@@2) used the Panel
Study of Income Dynamics to show that among homeowner haldehvith a
head between 18 and 30 years old, 67.8% of their portfoliotiseir home. In the
same article the authors documented how a household’s eseptusrisk through
their housing wealth could impact the portfolio allocataifrtheir financial wealth.
Fernandez-Villaverde and Krueger (2001) document howsimgucould be used

as collateral to relax lending constraints. These papensng others, demon-



strate that to understand the accumulation and compositibnusehold wealth,

one must first understand housing wealth.

One approach to modeling housing wealth’s role in the lifele is to de-
velop an abstract model that captures only a few of the mogobitant aspects
of housing as an investment good. Papers such as Martin Y 20@1Fernandez-
Villaverde and Krueger (2001) follow this approach. Thigayf model’s advan-
tages are that many can be solved analytically, or embeddadeneral equilib-
rium framework and solved numerically. The primary disadage is the rela-
tively narrow scope of such a model. The second approachsadifice simplic-
ity for a more complicated partial equilibrium model thahdze solved numeri-
cally using stochastic dynamic programming. Examples isfdpproach include
Li and Yao (2004) and Hu (2002). Its advantage is that as a wmwrglex model
it presents a more realistic picture of the role of housingliteover the life-cycle.
The downside is an upper limit on the model’'s complexity Ielveyond which the
solution times are no longer tractable. Parallel procgssan extend this upper
limit in a grid-cluster or super-computer environment. Tneater complexity of
the model requires great care in presenting the resultsuamently precludes the

option of embedding the model in a general equilibrium frevo.

Both of the approaches described above are important aitidiate. Many of
the questions the more detailed partial equilibrium modaisaddress are outside
the scope of the general equilibrium models. By explictigluding so many dif-
ferent aspects of housing wealth simultaneously, theglatjuilibrium model is

extraordinarily flexible. The detailed partial equilibmumodel in this paper pro-



vides important insight into how to develop an more abstyacteral equilibrium
model that can still capture the complexities associateétl miodeling housing
wealth.

The dynamic stochastic optimizing framework adopted ferhbusehold for
this paper is based on Rust and Phelan (1996). Rust and Fetlap and solve
a dynamic programming problem of labor supply with inconplmarkets, So-
cial Security, and Medicare. The dynamic programming gobin their paper
is solved by discretizing the continuous state spaces ardubking backward re-
cursion to solve for the optimal value of the continuous chorariable at each
point on the state space grid. The detailed rules goverhm&ocial Security and
Medicare application processes and benefits are embeddled income transi-
tion matrix. The model in this paper has a similar structbu jnstead embeds the
detailed characteristics of the mortgage market contratiie income transition

matrix.

The model’'s design allows households to choose their cuo@msumption,
their savings, their savings allocated to risky assetschvkype of housing to
occupy, and whether to refinance their mortgages. The hgtsiture choice in-
cludes a rental unit, a small home, and a large home. Houdehwly increase the
sizes of their mortgage balances through the use of a caseftnance. Renters
choose the size of the rental unit so that the intra-periodymal utility of hous-
ing is equal to the marginal utility of non-durable consuimipt The size of the
large and small homes are fixed in terms of the number of hgusiits they rep-

resent. Households face uncertainty in the returns on @askgts and housing,



the probability of survival, and a transitory shock to inegnwhich is otherwise
a deterministic function of age. The model includes movimgjntenance, and
transaction costs. Both the option to and the costs of digudn a mortgage are
alsoincluded in the model. The model is solved given the $erfa traditional 30-
year fixed rate mortgage contract. The values of non-stralcharameters, such
as returns on different types of assets, the survival pibbalmortgage terms,

and income process, are taken from historical data.

The model’s solution is then used to demonstrate how theafaieflation,
even when it is perfectly anticipated and unchanging oveltita-cycle, can dis-
tort the household’s portfolio allocation. Several additl versions of the model
are solved, one version where the mortgage contract is Irarehnot nominal
terms and another version with a historically high rate dfaiion and a nom-
inal mortgage contract. The levels of housing and financiedltih as well as
the allocation of the financial portfolio are compared astb® different inflation

regimes.

2 A Partial Equilibrium Model of Housing Wealth
with Mortgage Contracts.

This section describes the structure of the finite-horiafadycle model of
a household’s savings, investment, and housing decisi®hs. structure of the
model described here was chosen to highlight the effectoofgage contracts on

the evolution of housing wealth. In order to keep the modelised and tractable



aspects such as endogenous labor supply an margin accourgkip asset are
excluded. The section concludes with a discussion of thérodetised to solve
the household’s optimization problem. The structure oftloelel is actually quite
straight forward, with most of the complexities embeddetheawealth transition
rules. Households receive utility from the consumption ofhba non-durable
good and the stock of housing that they own. Each period imthéel represents
a single year. Tabl2?in Appendix B provides a listing of the model parameters
and their definitions.

Their optimization problem is to maximize their lifetimality, defined as:
(2.1)

80
EY " B pU(ce, h(in))+8'(1=pi) (0aUs (A1) +05Us(Hy)—0pUp(Dy)) ¢, > 0,V

t=20

(e~ h(in)*)'

(22) U(Ct,it) = 1— )\
bl—)\
where,

e ¢, represents the consumption of non-durables;

e h(i;) represents the number of units of housing services consugnezh
the housing tenure choice in period t (note that while the lmemof units

of housing services consumed varies with tenure choice tiligy gained
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from a unit of services does not vary);

e A, H;, and D, are respectively the value of the financial assets, home, and

mortgage debt left as bequests;

e [ represents the discount rate;

p¢ Is the survival probability;

¢ represents the measure of preference between of housingpasdmp-

tion;

A represents a measure of risk aversion; and,

04,0, andd,, represent bequest parameters.

A household lives at most 80 years. It faces uncertainty aib®survival, tem-
porary income shocks, and the rate of return on both housidgriaky assets.
In addition to the stochastic elements for income and the sateturn on risky
assets, the households may experience an additional shosinall probability
exists that the household will experience unemploymentia @eriod, reducing
income to zero. Also, a small independent probability exadta stock market
crash where the household will lose 100% of its investmettérisky financial
asset. The probability of a stock market crash is in additidhe regular standard
deviation associated with the stochastic rate of returrisky assets. Households
also are not allowed to consume negative amounts of norbugods. The

price of the consumption good is set equal to unity and thel@nice of housing



is set equal to a constant ratio of the underlying price ofttbesing unit. The

inflation rate is constant and known.

2.1 Consumption of Housing

While consumption of the non-durable good in the model igicoous, the
choices for housing consumption are partially discretee odel has three dif-
ferent alternatives for housing: a rental unit, a small hoarel a large home,
represented by the corresponding symbgls,, andi;. The number of housing
units available to rent is continuous while the number ofduog units provided
by a small or large home is fixed. Renter households are aloledose the num-
ber of housing units that equalizes their intra-period nmaigutility from housing

to their intra-period marginal utility from non-durablergumption.

oU (¢, h(iy)) _ OU (ct, h(ir))
ocy 5h(lt)

(2.4)

Optimal rental units may now be defined as a function of comnian,

(2.5) h(ir) = (¢/(1 = ¢))ey

Many other factors in the model are conditional on currenidiag tenure, in-
cluding rent or mortgage payments, maintenance costsl, éévdility derived

from housing, and the rate of appreciation in home value. Jike of a small
home is set equal to that of a median priced home, while tleedfia large home

is set to be twice that of a median priced home.
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2.2 Accumulation of Financial Wealth and the Income Process

A household is “born” at age 20 with zero financial and housisglth. It
starts off as a renter with no savings. In each period it vesea draw from an
age-dependent income process. The model contains no pemtiaoome shock,
only transitory shocks. In retirement, pension income t46€0% of the deter-
ministic portion of age 65 income. Pension income is stibjeat to transitory
shocks, representing uncertainty regarding medical ca$tgiseholds can store
their wealth in two different classes of assets, financidlr@al. The household’s
financial assets are held in a portfolio of risk free and riakgets. The house-
hold can, at no cost, rebalance its financial portfolio betwask free and risky
assets every period. Households with zero wealth face angridjuidity con-
straint for financial assets in that they cannot borrow agjaheir future income.
Households also cannot purchase leveraged portfoliosienthey borrow at the
risk free rate to invest more in the risky asset. In additmmioving to one of
the three types of housingj,, i, %, }, the household can also decide to stay in
its current home{i,.; = i;}. Households may also either add to their mortgage
balance through a cash-out refinance or reduce their martgal@nce through a

pre-payment refinance.



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

(2.6) A1 = (1 + (1 = y)(aurs, + (1 — an)r)) (A — e — Xy, 1)+
Gi(tg, i1, ke) + Ze(Ke, Kg1)) + (1= y)epr + L (ie, ke)
s.t. At+120&0§at§1
where,
e A, is the level of financial assets in periad

e A, is arandom variable that depends on the stochastic ratéufiren
risky assetsi(;,) in period t and the realizations of earning.(;) in period

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

e X,(is, ;) (equation (2.13)) is the housing costs incurred in petidor a

household currently choosing tenure typwith a mortgage:; years old;
e [,(is, k) (equation (2.15)) is the mortgage interest paid;

o G,(i, 1441, k¢) (€Quation (2.16)) is the net gain for a household chooging

this period and, . ; next period,;

e 7Z,(ky, key1) (equation (2.17)) is the net gain from cash-out refinancimgt
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e 7 is the tax rate on income and capital gains (note that botbnecand
capital gains have the same tax rate and taxes on capita gagrpaid im-

mediately).

The net gain from a home sale is tax-free and the mortgageesitpaid is de-
ducted from taxable income. Both the housing expenses andrttount of the
mortgage interest deduction are functions of the currensimg choice and age of
mortgage. Refinancing is modeled as a choice to lengtherethaining number
of years on the mortgage, or inversely, to shorten the ctiags of the mortgage.
The model only allows cash-out refinancing and does not gll@payments. The
age of a mortgage for a rental unit or a mortgage that has baenoff is zero.
Households receive their wages at the same time they rehbzeturns on their
investment from the previous period. As a result, the stat@kle A, represents
all available cash on hand, consisting of previous finanei@hlth and current

income.

The income process is defined as a deterministic functiog@féus a transi-

tory shock, as shown below in log form:

(2.7) log(e;) = tho + 1t + ot + .

ge ~ N(0,0,)

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

(2.8) rs, ~ N(ns,02)
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where, is the expected real rate of return on the risky assetaiglthe variance.

2.3 Price of Housing

In addition to the portfolio of financial assets, househaials also store their
wealth in real assets by purchasing a house. It is only thradlg purchase of a
house, and the acquisition of a mortgage loan, that houdgleah borrow against
their future income. The use of durable goods as collateiial the same spirit as
Fernandez-Villaverde and Krueger (2001). The only maytgeontract available
to the household in this model requires a 20% down paymestaharm of 30
years; and requires mortgage payments based on a fixedsintate and the size
of the original mortgage. The mortgage balance and the mgetgpayment are
both in nominal terms while the rest of the model is in reaingr Households
selling their home are also required to pay a transactionempsal to 10% of the
value of the home that they are purchasing. This represeators’ fees, credit

checks, and other expenses associated with the purchase.

The real price of housing has a positive trend over time. Turelmase price
of either a small or large home increases non-stochastibglthe average mar-
ket price increase in each period. The value of homes tha¢ hlready been
purchased changes according to a stochastic process heigxpected increase
equal to the non-stochastic market price increase. A halddhat has had a
series of excellent draws in home price appreciation wilh@home worth rel-
atively more than a comparable home on the market. A houde¢hat has had a

series of poor draws in home price appreciation will own a éavorth relatively
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less than a comparable home on the market.

The price per housing unit is the same across all types ofilhgud_arge
homes cost more than small homes because they provide mibseotihousing
for the homeowner to consume. Renters may choose as smallanga a home
to rent as they wish. Their rent is proportional to the curmmarket value of
their chosen home. As the value of housing units change, sloedorental rates.
The value of owner-occupied units evolves stochasticaliyeithe value of newly
purchased and rental units are set equal to the currennaeistic market price.
The market price of a housing unitis the number of housintsui(i, ), multiplied
by the current market price of a housing ufit;+ 7;,)* P,. The value of an owner-
occupied unit is the value of the unit from the previous perid;, multiplied by
the realized rate of appreciation for that unit in that périd + ). The price
of owner-occupied housing is allowed to evolve differeritym the market price
of housing in order to capture the idiosyncratic aspect afsimg returns. The
formulas for the market price of home type(P;(i;)) and the housing wealth

(H,1) transition rule are:

(2.9) Pi(i) = (1 +nn)" Poh(iy)

(

Ht(1 + ﬁl)v it+1 = ’it

(2.10) Hyy = § P(iy), U1 € Us, U

07 lgy1 = Ur
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(2.11) rn ~ N(1n, 07)

wherePF, is the price of a single unit of housing in period);is the realized rate
of appreciation on housing in periodr; is the expected rate of appreciation on
housing; and? is the variance of the house price growth. Note that homegric
are in real terms, the increase in the market price of housingte due to general

inflation, but a real increase in the value of the house witleti

2.4 The Mortgage

A significant source of the complexity in the model is the neethclude the
age of the mortgage in the state space. In the model this addsciete state
variable with thirty-one discrete values, resulting in 0d&e7 million points in
the final state space. The computational techniques usenlvie & problem of
this scope are discussed briefly at the end of this sectioa.r@&son for includ-
ing the age of the mortgage in the state space is the natutee3G-year self
amortizing mortgage. First, the actual equity householald im their home is
the difference between the value of the home minus the rentalvalance on
the outstanding mortgage. To accurately track the valueeohbusehold’'s home
equity, it is necessary to track both the value of the homethadanortgage bal-
ance independently. The nature of the mortgage contratigiucomplicates what
would be a logical solution, the addition of a third contingscstate variable for
mortgage debt. The principal paid on a self amortizing nmaayégis not constant

over the life of the mortgage. Initial payments are almoshpletely composed
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of interest, with very little principal being paid. The finghyments on a 30-year
mortgage on the other hand are almost completely principtd,very little inter-
est being paid. Therefore, the transition rule for mortgdej# is a function of the
age of the mortgage. The fact that the mortgage balance arngdage payment
are in nominal terms provides an additional motivation fafuding the age of the
mortgage in the state space. The real values of the mortgdgede and payment

decline steadily over the life of the mortgage due to inflatio

The mortgage payment is based on the home price when pud;faamkonly
changes when the household refinances the mortgage orteelietise. A cash-
out refinance increases the number of years left on the ngwtdde formula for
the real value of a mortgage payment at tinadter ; years on a house of type

is:

(2.12) M, (i, ) = (1 — p)Pr_e, [(1 — (1 + )" (1 + v)™]

wherer is the nominal mortgage interest rateis the inflation rate; angd is the

required down payment.

The cost of housing services also reflects the maintenarste jgaid by home-

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

) Mt(’it,lit) +5Ht, ’it € is,il
(213) Xt('lt, /ft) =

006Pt('lr), 'L.t - ir

where/ is the percent of current home value required in maintenaoses. Rent
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is equal to 6% of the current market value of the unit beinga@and renters pay

none of the maintenance costs for the property.

The present value of the household’s home equity is the ruwadue of the
house minus the amount of the outstanding mortgage balsvicée the value of
the house increases or decreases according to the stoaleaisth on housing, the
outstanding mortgage balance is a monotonically declifungtion of the age of
the mortgage. The formula for the real value of the mortgaglarte at time
afterx, years on a house of typeis:

(2.14)
e 30

. M (g, 1) =D G €y & Ry <30
Dt(ltﬂit) =

0, (i €is,5y & ke >30) or (i =1,)

The formulas for the mortgage payment is used to calculaeathount of
mortgage interest paid for tax purposes. The values mustjnstad back from
the real terms since this deduction is in nominal terms. Dhedla for the mort-

gage interest deduction is:

(2.15) Ly(it, ki) = My (i, k) (1 = (1 4+ 7)) (1 4 v)™
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2.5 Gains from Sale or Refinancing

The net gain after paying transaction costs and down payera household

choosing next period’s tenuig ; € {i,,is,%;} IS given by:

o Hy — Dy(ie, e) — pPy(ipg1) — THy — X, dep1 # 0
(216) Gt(ltyzt—l—la’%t) =

0, 41 = U

wherer is the transaction cost; is the downpayment rate; andis a fixed mov-
ing cost paid regardless of which type of housing is beinglpased. When the

household chooses not to movg,; = i, it has zero net gain.

The net gain after choosing to refinance a mortgage is defgetaum of the
difference between the mortgage balances before and ladteefinance and a fee
for the transaction. Interest rates are constant in thisaingd there is never any
incentive to refinance at a lower interest rate. The only fiesferefinancing is to
extract home equity in order to invest in financial assetsytwath consumption.

When no refinance occurs,; = k; + 1 and the net gain is zero.

(1 - C)Dt(ita ’ft+1) - Dt(it, Fét), Kip1 # Ky + 1
(217) Zt(K't) K’t-i—l) =

0, Kir1 = Re +1

where( represent the transaction costs associated with refirgn@ifhen there
is a cash-out refinance the household is increasing the mwhkpears left on the
mortgager,.1 < ki + 1 andZ,(ky, ki11) > 0. Only households who choose not

to move in a given period may choose to refinance.
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The effect of steadily increasing home prices provideslaroargument for
the inclusion of the age of the mortgage as a state variablee tD the steady
increase in home prices, the initial mortgage on a given htoday would be
significantly greater than the mortgage on a similar homentyvgears ago. The
current mortgage payments on these two similar homes wedilect this, with
the mortgage payment for the home with the twenty-year oldtgage being
significantly less than the payment for the home with the newtgage. The
implication is that there might be some economic value toathiéty to lock-in
the recurring housing expense at a fixed level while the ntgmkee of housing
fluctuates. This allows the model to capture the role of hayas a hedge against

variability in rents, as argued by Sinai and Souleles (2003)

2.6 Default Penalties

FIGURE 2.1: Timing of Decisions

Realize income and investment returns from period t-1
v

Can household make housing payment with liquid assets? _——

|
No
|

< Can household make housing payment after liquidating hamgy®
Yes

[

Yes, Must Move No, Must Rent

N/

Choose optimal new tenure, consumption and investmenitomal on budget constrainks
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The model also contains a default penalty. In any period theséhold
must be able to cover its housing expenses, including thearemortgage and
maintenance costs. If it fails to do so, it must move the nextigal into rental
housing, forfeiting all its home equity and all its financeduity above some
small nominal amount. Households that can cover their esggehy selling their
current house and extracting their home equity are allowatbtso. Households
that can afford the associated transaction costs may atsd defaulting through
a cash out refinance. The advantage of this for the housetdlteiability to
keep its housing equity. Current consumption is also cairstd to equal that
same small nominal amount. The first constraint, shown iratgu (2.18), af-
fects those households that are forced to move but can aetédilting and the
second constraint affects those households that defalét.rdstriction thatd, , ;
may not be negative, combined with the definitions®fi,, x;), Z;(x:, ki+1), and
Gy(ig, 1141, K¢ ), @long with the budget constraint, create an upper boundesip
ble levels of non-durable consumption, and also rule outespassible choices of
housing tenure. If the household cannot afford the down ayrior a large home
without incurring negative wealth, it is not allowed to mdeesuch a home. The

flow chart above shows how the default penalties affect thisdioold’s decisions.

2.7 Optimization Problem and Value Functions

The household’s optimization problem is to choose varaflev,, i, 1, ki1
given a series of state variabless,, i;, A;, H; to optimize equation (2.1) given

equations (2.2) (2.16). The household only has one choiceoofgage contract,
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with a fixed downpayment rate. The choice variable, capture the ability of
a household to cash-out home equity by refinancing, and ftrereeduce the

effective age of the mortgage as described above.

The value function of the household is the maximum utilipject to the de-
fault constraints of the value functions for the househtids$ choose next period

tenure typet+1 € {7:7"7 is> ilu Zt}

(2.18)
(Ar — X (ig, ke) < 0) & (A — Xi(ig, k) + max (Ge(iy, ig01) + Zi(Ke, Kea1))) > 0) =

L+1,Kt4+1

%(it,At,Ht,Iit) = max ‘/jt+1<it+1,At,Ht,/€t)

G 1L 0Tk 17Kt +1,ce,0n

(2.19)
(At — Xt(it, Kt) < 0) & (At — Xt(it, Kt) + S max (Gt(’it, it+1) + Zt(/it, /€t+1))) > 0) =

1t+1,Kt+1

‘/t(itv At7 Ht7 K’t) = U(U), h(lt)) + ﬁpt‘/t(irawa 07 0) + ﬁ(l - Pt)eAUB(w)

(2.20) (Ar — Xi(ir, k) > 0) =

%(ituAthﬂ%t) = max ‘/;it+1(im7At7Ht7’it)

441 €{0r, 05,01 },Ct, 0t KE4 1

wherew is the amount of consumption and wealth protected in defeartt credi-
tors. Equation (2.18) is the value function when the houkshr@curring housing

expensesX;(i;, x;), are greater than their available liquid assets,but if their
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net equity after selling or refinancing their home is positiA;, — X, (i;, ;) +
Max;, , , .1 (G, te41) + Zi(ke, Key1))). Faced with this constraint, the house-
hold must either more,,, # i, or refinancex,,; # x; + 1. Equation (2.19) is
the value function when the household cannot cover theurreg housing ex-
penses out of their liquid assets and their net equity aéking or refinancing
their home is negative. These households must move to d wemtgi; ., = i,,
and have both their consumption and remaining wealth lnitew. Equation
(2.20) is the value function when the households can cowr tacurring hous-
ing expenses out of their liquid assets. The only limits trtkkhoices are those

embedded in the constraints in equation (2.6).

The value function conditional on next period’s tenure cbaoj,; is:

2.21)
max U (cy, h(ir)) + BpeVi(ier, Avpr, Hipr, 1)+

Ct,Qt

B(1 = pe)(04U(A;) + 0xUp(H;) — 0pUp(Dy)),
max U(Cta h(it)) =+ 5ﬂtvt(it+1a A1, Higa, 1)+

Ct, Ot K41

B(1 = p)(0aUs(Ar) + 05Up(H,) — 0pUp(Dy)),

’it+1 € {iT,’is,’il}
Vtitﬂ(l't,At, Hy, /‘ft) =

41 = U

\

such that equations (2.2) to (2.20) hold.

The structure of this problem contains several significantees of non-continuity.
The first is the discrete nature of housing tenure, whichtfons as both a choice
and a state variable. The second main source of the nonacidtgtis the structure
of the value function, which is defined as the maximum of oweyssix differ-

ent value functions, one for each possible combination of fenure choices or
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two refinance options and eleven portfolio allocations sTHon-continuity of the
model prevents the use of analytical methods to derive disolut also prevents
the derivation of Euler equations. The model is insteadexblysing computa-

tional methods based on the methods used in Rust and Phélan) (1

The code used to solve this problem is in C. One solution optbélem ini-
tially took roughly two weeks on a dual processor Pentium X@@BGHz with
512K L2 cache and 1GB of RAM running Linux. In order to imprawe run-
time, the code was re-written to take advantage of paratteigssing, using the
Message Passing Interface (MPI) standard. In this verdiaheocode one pro-
cessor is designated the master while a pool of other processe designated
slaves. As the model is solved recursively by year, the mdst&ibutes the cur-
rent value function for all previous years to the slaves.hEslave then solves for
the optimal value function for a sub-set of state spaceshergiven year. The
slaves then return the new value function values to the mastee master then
combines the new values with the value function for the neslyear, completing
the recursion for one year. The problem was solved using @i-péerformance
Digital Alpha 64-bit microprocessors running at 450MHzean a scalable par-
allel Cray T3E at the Pittsburgh Supercomputing Center. €ihation involved
roughly 1.3 billion evaluations of the value function andkaoughly eight and a

half hours.
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3 Baseline Model Results.

The parameter values for the model calibration are chode® ¢tonsistent with
other models in the relevant literature. The parameteraglar the size of small
and large homes are set so that they represent, respeciiviegne 80% and 120%
the size of a median priced home. Thevalue of 0.2 reflects the share of total
household expenditures allocated to housing expenditarae 2001 Consumer
Expenditure Survey from the U.S. Department of Labor. Tlapgr does not
represent a serious attempt to calibrate a model of housgadthvor to estimate
the maximum likelihood parameters of such a model. The go#&b isee how
closely the model can match certain stylized facts whilegigairly standard and
common parameter values. Appendix A contains more infdonain the values
of the market and preference parameters chosen. A serigamigof the policy
functions, from one of the calibrated models, for housebo&teiving different
series of shocks are then presented, to illuminate therkadttving the economic
decisions of the household. Finally, some results from ktrans based on the
baseline model are given. The baseline model matches $patterns seen in the
empirical data.

To better explore the implications of the model, 1,000 satiahs are gener-
ated using the calibrated model. The table and figures betmtam the results
from these simulations. Households begin at age 20 as sewién no assets.
Households retire at age 65 and live to at most 80 years of Bge simulations
track their accumulation of housing and financial wealthrdkeir lifetime. Fig-

ures 3.1 and 3.3 present the simulation results across¢heykile. These figures
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show the role of housing over the life cycle, and how consuwn@nd investment

decisions are linked to housing decisions.

Figure 3.1 shows the consumption and income paths overfaéieyicle. The
sharp drop in income in retirement can be seen in panel (a)e wbnsumption
is much smoother. Panel (b) shows the path of consumptionsim@ of to-
tal wealth. Younger households who are aggressively sdoing downpayment
consume the smallest share of their wealth. Once housebeti#sne homeown-
ers, their consumption as a share of total wealth climbsipgaear 16% around
the age of 30. As households approach retirement, theytstacdcumulate more
wealth, and consumption as a share of total wealth startslltoefaiching a low
point of 9% at age 65. In retirement households draw dowrr geiings and
consumption as a share of total wealth climbs again. Ateetént the average
household has roughly forty-five times their annual incomeed in both housing
and financial wealth.

The importance of housing wealth in retirement is emphdskre the next
set of figures. Figure 3.2 (a) shows that housing wealth hasnaphover the
life cycle, reaching a peak at 60 and starting to decline asdlwolds approach
retirement. The brief plateau in the growth of housing weattage 50 is caused
by many households either trading down to smaller homesforarecing their
existing mortgage in order to lock in nominal mortgage pagtador the rest of
their expected life. Financial wealth, shown in Figure 32 s more sharply

humped and peaks at age 65.

One implication of the model is that accumulated home edsitysed to fi-
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FIGURE 3.1: Consumption and Income
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Mean Value ($0,000) for Survivors in Cohort

Mean Share of Assets Held for Survivors in Cohort

(a) Simulated Housing Wealth

FIGURE 3.2: Wealth and Portfolio Choice
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FIGURE 3.3: Housing Tenure Choice
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nance the consumption of non-durables in only late in netnet. The actual role
of housing wealth among the elderly is a bit more complicatéehti and Wise
(2000) found that housing wealth was not in fact used to supom-housing con-
sumption. They find that households resort to their hometgguily when faced
by a significant shock such as the death of a spouse or a sdhmss. This is
similar to the finding in Sheiner and Weiss (1992) that apétion of death and
illness significantly increases the probability that hdwdds reduce their home
equity. These conclusions find additional support in thelteof this model, in
that households do not tap into housing wealth in retirereiit their reserves
of financial wealth have been depleted. However the moded desult in more
rapid decline in housing wealth than seen in the data. Thedihbealth status as
a state variable and the connection between health stadugtiree tenure choice

might explain this failure of the model.

Figures 3.2 (c) and 3.2 (d) provide the most significant tesefl the model.
As Figure 3.2 (c) shows, the simulated share of assets héldusing is consis-
tently near 40%, a bit below the empirical average of 67%. hbeasing share
is high among young households who must invest a large podidheir sav-
ings in a downpayment. As financial wealth grows faster thamshng wealth
this share falls initially. The jagged nature of the curvllets a combination
of refinancing and trading up as younger households try tp Keeir portfolios
balanced while taking advantage of their greater finaneisburces to purchase
larger homes. The rate of increase in the share climbs ienet¢int, as households

draw down financial wealth prior to extracting home equityoudehold’s face
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significant transaction costs, due in part to the nature@hibrtgage contract, to
access their home equity. As a result, households turn todiakbequity initially
to fund consumption in retirement. This partially matches tover-investment”
in housing seen in the empirical data, as reported by Flavth¥amashita, us-
ing a model of rational, forward looking agents. The impiioa is that while
some degree "over-investment” in housing is the result ofetbing innate in the
nature of the housing good or the mortgage contract usedrthase it and not
the result of sub-optimal behavior by non-rational constemhe actual level of
"over-investment” in housing seen empirically cannot be/fexplained with this

model.

Figure 3.2 (d) shows the pattern of allocation in the finanpaatfolio over
the life cycle. Young households who are aggressively ggianor already have
large shares of their wealth tied up in downpayments inesst iin the risky asset,
as do older households who have drawn down their financialthvealative to
their housing wealth. The risky portfolio share peaks adbage 50, just when

the households start to actively shift their total portiaiwvay from home equity.

The final set of figures from the simulations document the adlbousing
over the life-cycle. Figure 3.3 (a) shows home-ownershgoaasing rapidly for
younger households and declining very slightly in retiram&he share of home-
owners living in larger homes has a similar hump, as seenguargi3.3 (b), with
a sharp drop at age 50. Both of these charts document thegstraf house-
holds trading down in retirement to access housing wealithamce consumption.

Figure 3.3 (c) documents an interesting pattern. Housshwltb have recently

29



purchased their homes are required to have an initial loaraue ratio of 80%.
They are then able to pay down their mortgage through thdaegmortization
schedule and the average loan-to-value ratio falls. Theagedoan-to-value ratio
seems to stabilize at 10% before climbing late in retirenmergsponse to a surge
in cash-out refinancing. Figure 3.3 (d) reports the leveéihancing activity over
the life-cycle. Younger households and those who have justyased their homes
take advantage of refinancing to re-balance their pordgadiod smooth their in-

come. Older households start to use cash-out refinancecéssatheir equity.

FIGURE 3.4: Why Trade Down at 50?
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In Figure 3.3 (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%6%. The
timing of this sudden shift into smaller homes is a resulthe 80-year mort-
gage combined with a maximum age of 80 imposed by the modelfgadions.
Households take advantage of the 30-year mortgage ternckoirictheir nom-
inal mortgage payments for the rest of their natural livegjufee 3.4 provides
additional support for this hypothesis. In addition to tlasdline simulations this
figure also reports the simulations with the a 20-year mgegand when retire-
ment is delayed until 75. The goal is to demonstrate that hiffe iato smaller
homes is driven by the length of the mortgage term and not @ity to re-
tirement. When the retirement age is 75 and the mortgageiteBf years, the
shift to smalle homes still happens at age 50. When the ngettgam is short-
ened to 20 years and the retirement age remains at 65, théostimhaller homes
occurs at age 60. These alternate scenarios show that theosdmaller homes
is driven by the household’s desire to lock-in their nomimairtage payment in
retirement. The benefit of this strategy is that while thely eantinue to receive
a constant stream of utility from their home, the real valtithe mortgage pay-
ments will fall due to inflation. In effect, households aregghasing an annuity
where the stream of real payments, the difference betweamgbiicit rent and the
real mortgage cost, will increase with time and be at its égjlduring retirement
when income is at its lowest.

This section has established the most significant accohmpést of the model

the ability to partially match the "over-investment” in tging seen in the data
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within a framework of rational, forward-looking agents. iFtsection has also
argued that the optimal share of risky assets in the finapoidolio is effected by
both the level of investment in housing and the endogenouséechoices of the
household. The next section will build on these results widetailed examination
of how the demand for housing and the allocation of housepoitfolios differs

under different levels of inflation.

4 The Effects of Inflation on Portfolio Allocation.

The previous section provided evidence that the baselingeinman match
certain stylized facts about housing wealth over the lifele. This section de-
termines exactly how portfolio allocation across the tfesle changes under dif-
ferent levels of inflation. Each alternative model is theisobsed and the corre-
sponding sets simulations generated. The levels of weattlimaulation, housing
demand, refinance activity, and portfolio allocation urekesh alternative assump-
tion are then compared to the base case.

All that is needed in order to simulate the effects of highaitidin, or of
mortgage contracts that are real and not nominal is to seinflfaion parame-
ter respectively to a higher level or to zero. The presenagoaiinal mortgage
contracts effectively shifts the costs of home-ownersbaiard over the term of
the mortgage. Figure 4.1 documents how the real value of tirégage payment
declines over the life of the mortgage. This is of coursedigd into the rate of

the original mortgage and patrtially explains the gap betwtbe mortgage and
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FIGURE 4.1: Rent and Mortgage Payments
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risk-free rate. Figures 4.2 and 4.3 show how housing demaddgartfolio allo-
cation differs under different inflation rates. The main anpof inflation on the
households portfolio allocation is to increase a curremh®&owner’s costs asso-
ciated with taking out a new mortgage, either to refinancexastieg loan or to
move to a different sized house. As a result, the allocatetween home equity
and financial assets are rebalanced less frequently, withgay households in
particular holding larger shares of their wealth in homeigqunder higher rates

of inflation.

High inflation increases the rate at which the nominal maggaayments are
discounted over time. As a result, there is a much more procedimove from
large to small homes at age 50 under the high inflation saenafiouseholds
are eager to purchase small homes at age 50 and lock in thminabmortgage

payments for the rest of their life. In fact they almost neweave or refinance
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FIGURE 4.2: Wealth and Portfolio Choice

(a) Simulated Housing Wealth

Baseline

= = = High Inflation

Low Inflation

| | | |

30 40 50 60
Age

(c) Simulated Share of Housing Assets

70

80

0.8

0.7r

0.6

05f

0.4

031

0.2

0.1p

Baseline
High Inflation

Low Inflation

30 40 50 60
Age

70

80

34
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FIGURE 4.3: Housing Tenure Choice
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after age 50, due to the increased value of the inflation distbag of the nominal
mortgage payment. The main effect of zero inflation is to cedine demand for
large homes and remove the tendency to lock in nominal mgetgayments at
age 50 as the real mortgage payments no longer decline vatagé of the loan.
The large number of households buying smaller homes at agesbl in a large
shift of wealth from home equity to financial equity, sigréfitly reducing the
share of wealth held in home equity. Once they move into thedlemhomes, they
prefer to never move or refinance again in an effort to mingnie size of their
recurring mortgage payment in real terms during retirem&he higher the rate
of inflation, the faster the share of wealth held in housirgigrin retirement as
households refinance and re-balance less frequently. Asivea previously, the
pattern of trading down at age 50 is driven by the nature ohtmainal mortgage

contract and not retirement decisions.

Households anticipate this large influx of home equity ihtitfinancial port-
folios at age 50 under the high inflation regime. In respotinsy, feel comfortable
keeping a slightly larger share of their financial portfalorisky assets during
this period. Under the high inflation regime, the gap betwiencurrent mort-
gage payment for current homeowners and the payment on a wetgage or
rent is significantly greater, especially for those withddaanures. This increases
the costs associated with the default risk, which forceshiesehold to break
their current mortgage contract with it's low real mortgggeyment. This in-
creased cost of default under the high inflation regime eragms households to

hold larger amounts in financial wealth and to hold smallerss of this wealth
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in risky assets.

Homeowners face two different expenses in purchasing bioaires. The first
expense is the upfront costs, or the downpayment. The sexqmathse is the mort-
gage payments made on a monthly basis over the life of the Tdaase recurring
expenses are significant, in that if the household cannoeredse payments they
will default on the mortgage and loose their existing homeaitggHouseholds in
this model trade down precisely because they fear they wfilba able to make the
mortgage payments once their income falls in retiremeninidal mortgage pay-
ments under high inflation are especially attractive to Bbo#ds in their fifties.
The real mortgage payment is initially high, during the piof their earnings
potential. The real mortgage payment then falls rapidlyirduretirement, just
when their income also falls. Nominal mortgage paymentsaathouseholds to
shift the expense of housing forward while insuring the comgtion of housing
later. In this way housing is a form of annuity which providesising services
instead of cash payments. The ability to shift the cost ofsirauforward is due
to the nominal mortgage contract. The higher the rate oftioflathe greater the

shift in costs.

5 Conclusion.

The baseline model developed in this paper succeeds iralhareplicating
home equity’s large position in household level portfalibbe implication is that

while some degree "over-investment” in housing is the tesdomething innate
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in the nature of the housing good or the mortgage contraat ts@urchase it
and not the result of sub-optimal behavior by non-ratiomsistimers, the actual
level of "over-investment” in housing seen empirically nahbe fully explained.
The model shows how the allocation of the financial portfekwies in response
to the position in housing wealth and tenure decisions. Ttiel introduction of
risky housing can increase the demand for risky financiatasas household gain
the ability to diversify across uncorrelated risky asséts.the exposure to risky
housing assets grows however, household respond to theaseat background

risk by reducing their demand for risky assets.

The model is then used to demonstrate how perfectly antexpanflation,
even when reflected in the nominal interest rate on mortgagges distort the
households portfolio allocation over the life-cycle. Thamnal mortgage con-
tract results in declining real mortgage payments. Thedolagmortgage is held,
the great the difference in their mortgage payment and tlgenpat for a mort-
gage refinanced at the current price. This friction discgesahouseholds from
shifting assets from home equity to financial portfolios enfrequently. As the
rate of inflation increases, households hold larger passtio home equity earlier
in the life-cycle, and smaller positions later in the lifgete. The costs associ-
ated with resetting the nominal mortgage payment when meging also helps
explains why retired households hold such a significanigoudf their wealth in

housing.
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Appendix A - Baseline Model Parameter Values

The parameter values for the baseline model are chosen torséstent
with other models in the relevant literature. As was disedss the Section 3,
the income process consists of a deterministic and a toapdéctor. The income
process is based on the results of regressions of Sociatifegarnings on age
and age-squared. The dependent variable is the log of the wagme in constant
1990 dollars. The transitory factor of wage is reflected mdbtimated standard
error of the regression. The wage is converted from log tellgsrms in the
model. At age 65 the level of the deterministic wage falls tilatlevel equal
to 60% of the last period’s income before any transitory gepcepresenting a
system of forced retirement and a defined benefit pension filae coefficients
and standard deviation used in this version of the modellare/s in Table A-1

below.

TABLE A-1: Log Income Regression Results

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

The market price of a housing unit is the result of settingdbterministic
home price at age 60 with the National Association of Regltt®90 median
home price. It is assumed that a median home consists of 1drgpunits. The

home prices are converted to constant 1990 dollars and teentieistic home

39



price series are calculated using the historical averamern.e The average and
standard deviation of the return on housing are at taken froamd Yao (2004)
and are consistent with Campbell Cocco (2003). The mortgageest rate used
is the average rate on loans with 80% loan-to-value ratiosasrted by Freddie
Mac from 1969 to 2001, adjusting for the inflation rate. Thecpat required for
downpayment represents the minimum needed to avoid payortgage insur-
ance. The transaction, maintenance, and moving costs aeel loa survey data
provided by the National Association of Realtors. The valcigosen for the cur-
rent version of the model are presented in Table B-4 belove rigk and return

on risky assets follows Yao and Zhang (2004).

TABLE A-2: Values of Market Parameters

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

Note: Units are in $10,000s or percent.
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The values for the preference parameters shown in Table édle®vowvere cho-
sen to replicate certain stylized facts about the role of@vatcupied housing
in portfolios, specifically the large share of total weal#ichin home equity. An
A value of 2 represents a relatively low, but realistic, levktisk aversion. An
[ value of 0.96 is a commonly used discount rate. Phealue of 0.2 reflects
the share of total household expenditures allocated toihgespenditures in the
2001 Consumer Expenditure Survey from the U.S. Departnfdratwor. The dis-
count rate for bequests are 0.8 for, 0.8 ford,, and 0.8 for,,. They are chosen
to imply that households would rather consume one additidoléar than leave
an additional dollar as a bequest and that households plaaraum on leaving

their homes as bequests relative to other assets.

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

A B ¢ | 04| Oy | Oy
21096|0.2/08]0.8(0.8
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Appendix B - Model Parameter Definitions

TABLE B-4: Model Parameter Definitions

Parameter Name and Definition

Symbol

Consumption
Tenure Choice, next period
Share of Financial Assets held in risky assets
Age of Mortgage (Refinancing=Change Age of Mortga

Cy
41
«

ge)

Ri+1

Tenure Choice, this period

Current Age of Mortgage

Value of Financial Assets
Value of Home

1t
Kt
Ay
H,

Tenure Choice, rent
Tenure Choice, own small house
Tenure Choice, own large house
Number of housing service units for tenure chaice

Uy
Us
i

h(ir)

Realized Earnings
Remaining Mortgage Balance
Recurring Housing Costs
Mortgage Interest paid
Net Gain/Loss from Home Sale/Purchase
Net Gain from Cash-Out Refinancing

et
D,
Xt('ita /‘ft)
]t(it, Ht)
Gt(iu U415 Ht)
Zt(’ft, fit+1)

Mortgage Payment M, (i, ky)
Risk Aversion A
Discount rate 16
Housing Utility Coefficient 0]
Bequest Parameter - Financial Assets 04
Bequest Parameter - Housing Oy
Bequest Parameter - Mortgage Debt O
Survival Probability Pt
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