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18 GOODMAN AND WASSMER

In parallel work {Goodman, 1992}, dynamic equilibrivm with regard to
housing demand occurs where the sum, over time, of the weighted differ-
ences between the marginal rate of substitution (between housing and the
other consumption good) and the price ratio equals zero. This resembles a
public good equilibrium, and the ‘‘Lindahl Solution’ would call for bor-
rowers to use variable payment mortgages (YPMs). In this paper we fully
develop the concept of an optimal mortgage by using a dvnamic model in
which transaction costs constrajn mobility. We find that mortgage instru-
ments of this type offer potential benefits to|both borrowers and lenders.

Section 2 contains a review of previous literature on mortgage financing
and its effect on housing demand. In this review, literature relating to
adjustable rate mortgages is als¢ examined. Many of the issues and ques-
tions raised in this literature are addressed in our work. Section 3 exam-
ines housing demand in the presence of transaction costs. Section 4 intro-
duces borrowing into the model, and Section 5 provides an analytical
solution to a two-period model in which moving is endogenous. Section 6
links borrowers’ and lenders’ decisions. Section 7 presents a simuiation
as well as consumer and seller surplus calculations. Section 8 contains the
conclusion and possible extensions of this work.

2. MORTGAGE FINANCING, HOUSING DEMAND, AND
ADJUSTABLE RATE MORTGAGES

An extensive examination of mortgage financing and its relationship to
housing demand and tenure decisions has been conducted by Plaut. He
presents his basic model in Plaut (1984), with extensions in Plaut (1987).
In Plaut’s model a household lives from 0 to 7 and knows its lifetime
income in advance. The price of housing and its depreciation are exoge-
nous. The household must choose a lifetime|consumption pattern among
housing, an aggregate consumptjon good, and a bequest. In the first stage
of the life cycle a household rents housing injorder to accumulate savings
to make a down payment on a house. During this period, rental housing
can be instantaneously adjusted. A houschold decides te purchase a
house at time ¢, with accumulated savings and a mortgage. The mortgage
is paid back at a time #; which is/halfway between ¢, and 7. The amortiza-
tion of the mortgage M is exogenously given.| The real interest rate on the
mortgage 7 is an increasing funcdtion of the loan to value ratio.

In Plaut’s model, households| are motivated to consume less housing
(including rental) to boost the size of down|payment. He finds that the
timing of tenure transition is delayed by higher mortgage interest rates, by
higher housing rental rates, and by shorter periods of mortgage amorti-
zation.
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Plaut (1985) uses the same model to show that an increase in the lever-
age sensitivity of the morigage interest rate leads to flatter housing gradi-
ents and greater suburbanization. Most relevant to our work, Plaut (1986)
again presents his basic model but allows households to decide on the
amortization schedule of mortgage M. With « a choice variable, a housing
consumer makes payment Z; = aM(1 + r) in period ¢,, and payment Z, =
(1 — a)M(1 + r)?in period £,. Plaut finds the first partial derivative of the
expected utility with regard to « to be ambiguous in sign. The optimal
value of « is positively related to income in period ¢,, the degree of risk of
the nonhouse savings asset, the mortgage interest rate, and the con-
sumer’s being restricted to a mortgage less than the preferred amount.
The optimal « is negatively affected by the expected return on housing
and the expected return on nonhouse saving.

Plaut also shows housing demand to be negatively related to « if the
covariance between the price of housing and the consumption of the
alternate consumption good is negative. A higher amortization schedule
reduces hedging possibilities and leads to a reduction in housing. Plaut
shows that it is possible to derive optimal mortgage repayment schedules
for households; he also demonstrates how these schedules are affected by
different variables. Most importantly, he shows that a mortgage’s sched-
uled amortization can influence housing demand.

Previous work relating mortgage choice to housing demand in an infla-
tionary and liquidity constrained environment is also relevant. High ex-
pected inflation drives up the nominal interest rate in a fixed rate mortgage
and “‘tilts’’ the real value of fixed payments toward the early years of the
loan. This tiit can reduce housing demand if consumers are constrained by
imperfect capital markets. A graduated payment mortgage (GPM), which
permits a reduction in initial mortgage payments in exchange for an in-
crease in later payments, has been proposed as a solution to inflation tilt.
Follain (1990) discusses this and other related issues.

Alm and Follain (1982), by use of a simulation, assess the effect of
mortgage choice in an inflationary and liquidity-constrained environment
on the timing and gquantity of individual housing decisions. Inflation both
stimulates housing demand through a reduction in the after-tax cost of
housing and depresses housing demand by making liquidity constraints
more severe. They find that inflation below 10% increases housing de-
mand, while greater inftation decreases it. Rising prices also encourage
homeownership sooner. In an inflationary envirenment, GPMs can sub-
stantially increase housing demand. Alm and Follain find that households
are willing to pay over half a point more for a GPM (than for a standard
mortgage instrument) when the graduation rate approximates the inflation
rate.

Schwab (1982) confirms the findings of Alm and Follain. He proposes a
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price-level-adjusted mortgage where consumers always make constant
real payments. In his simulation, the switch frgm a fixed payment mort-
gage lo a price-level-adjusted mortgage would increase housing demand
by 8% and would cause a utility gain. We do not address the effects of
inflation, but we do examine the effects of constraints imposed by mort-
gage instruments more broadly.

In response to the 1980s’ relatively high fixed-rate mortgages (FRMs)
and the obvious influence that mortgage repayment schedules have on
housing demand, adjustable rate mortgages {ARMs) became popular.
Brueckner and Follain (1988) examine the rise in the ARMs’ popularity
and find that it can be attributed both to the FRM interest rate and to the
interest rate differential between FRMs and ARMs. Households with high
incomes and a greater degree of intermetropolitan mobility also prefer
ARMs.

In an extension of this work, Brueckner and Follain (1989) estimate the
etfect of ARM/FRM choice on housing demand with a two-stage method.
The first stage is the same as their 1988 work, where a probit equation is
used to estimate ARM/FRM choice| The second|stage is the estimation of
a housing demand equation. Simulations show ARM demand to be less
sensitive than FRM demand to an increase in interest rates. Mobile ARM
borrowers also demand more housing than sedentary ARM borrowers. At
typical interest rates, a given individual demands more housing as an
ARM borrower.

Brueckner and Follain conclude that the presence of ARMs stimulates
and stabilizes the housing market. Gur research suggests an optimal mort-
gage instrument that can further improve on the| standard adjustable rate
mortgage.

3. HOUSING DEMAND WITH TRANSACTIONS COSTS

The economics of housing demand have evolved substantially over the
past two decades. Major improvements in the modeling of price and in-
come terms, the development of dis¢rete choice models, and the availabil-
ity of large scale data bases have led to substantially improved models,
Goodman (1989) discusses some of |these changes in more detail.

The models, and particularly the empirical estimates, have remained
static in nature. Houscholds are viewed at one point in time. If they move
during that period, they are often considered to be “‘closer to equilib-
rium,’” and their housing demand is iestimated jointly with the decision to
move. If they do not move, then their tenure chojce (own or rent) is often
estimated jointly with housing demand. This is done under the premise
that they are “‘out of equilibrium’] on the demand side, but that this
disequilibrium is not severe enough|to overcome the sizable transactions
costs that moving entails.
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Such analyses are at variance with the anecdotal wisdom that suggests:

—Consumers have good foresight as to future incomes and prices.

—Consumers are fairly well informed about the transactions costs of
changing housing locations.

This study develops a model that explicitly treats transactions costs in
the consumer optimization problem in a dyramic setting. Consider a con-
sumer optimizing over 7 periods. The transactions cost of moving each
period is m. Ignoring saving and/or borrowing, if the consumer, at Time 0,
is planning over the future, and moves each period, the sum of the dis-
counted future utilities (using D = 1 + §, where § is the rate of time
preference) is

U* = M DU R, f), n

1]
where the budget constraint each period is
Y =ph+ o+ m 2)

The consumer recognizes that incurring costs m each period may de-
crease UU* below the value if the household did not move. Suppose she
solves a separate optimization in which she stays in the same unit in
Periods 1 and 2, but moves in every remaining period, leading to {/**:

Q**H .Mm b_;tﬂg**,aw*: M b_icx\%*.qw*v, @
=1 P
where the budget constraints in Periods 1 and 2 are

yi=piht o +om (4)

y2 = p2h + ¢, (5)
and for all subseguent times ¢

yi = phy + ¢+ om. (6)

If U** > {J*, then the second regime dominates the first, and she will stay
in the home for the first two periods and then move every remaining
pertod.

It is important to characterize the nature of the equilibrium that is
generated during each stay. For convenience, assume that the consumer
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is evaluating the level of utility generated by a

and lasting 7 periods. Again ignoring saving and/or borrowing, optimize

r=r

JT =2 DU, )+ My — b~ ¢ — m)

=1

r=7
+ MN Ay, — p.p
=

The variable A, signifies the marginal utility o

conditions, optimizing with respect

af7lac, = DU — A = 0, for all ¢ (8)

and

(=7
aJt/ah = > D!

=1

— ).

to # and ¢, within that stay, are

UL = \pp = 0. 9)

Substituting, and rearranging, leads to the optimum condition

-
Ui

¢

The term D'~'UY is the marginal

DUUULUY — pi)
1

m
i

(10)

utility of income in time ¢. Here, the

individual who consumes housing pver time is solving a problem similar
to the socially optimal level of a public good. Instead of the government’s
optimizing across individuals for a [specific time period, the housing con-
sumer optimizes across time periods, subject to the constraint that hous-

ing consumption remains constant.)

It
A

Equation (10) can be rewritten as

MU}, MRS, — p] = 0. (11)

.
I

An alternative formulation of this model would have the coasumer
purchase housing at the same price|as the initial period, or p,.2 For land-

lords to accept this arrangement,
present value of the rents. Consider

they must be able to maintain the
a two-period model. If the consumer

! If the price ratio p, is constant over time, then the analogy|to the public good is tightened.
? We are grateful to the anonymous referde for proposing|this formulation.

stay beginning in Period i

(7

f income. The first-order

OPTIMAL MORTGAGE DESIGN 23

pays p, each period, the moving cost would be reformulated, where r is
the interest rate:

my=m+ [pi+ pl(1 + Ok = [py + p/(1 + Nlh. (12)

Thus, if p, is less (greater) than p,, the consumer’s down payment (mov-
ing cost plus price difference) increases (decreases). Optimizing, as be-
fore, yields

MULAMRS, — (pir + p)/(1 + 1] + MULIMRS; — pa] = 0. (13)

Since we concentrate on models with capital markets in our further analy-
ses, we do not pursue this alternative formulation further.

4. BORROWING IN THE MODEL

The opportunity to borrow allows the individual to spread her payment
opportunities over the duration of the stay. To avoid the treatment of
either capital gains or bequests, assume that she sigas a contract to pur-
chase a house for a 7-period stay.? The asset owner is paid a lump-sum
payment on the first day of Period 1 by the lender, and the lender holds
the house as collateral. The consumer pays both transactions cost m and
payment z; the first day of Period 1. Thereafter, the consumer pays z, the
first day of each Period 1. The consumer vacates the dwelling at the end of
the rth period, having accumulated no equity. Consumer default on the
loan gives the lender the right to evict the borrower and to collect housing
service payments for the remainder of the term of the loan.*

Consider first a mortgage with fixed payment z. The consumer buys
housing service bundle / for price p*h and repays the loan in equal install-
ments z:

J =2 DUk, e) + My — 2 = ¢ — m)
=1

(14)

=7

+ 2 Ny — 2= ¢) + wFz — p*h),
-2

letting p* = 221 p(1 + Y and F = 2077 (1 = p)' -,

! The addition of capital gains or bequests would simply change the terminal value of the
dwelling unit from zero to some arbitrary constant, and thus would not change the analysis.

* As formulated, our model does not distinguish between buying and renting, and looks
only at the optimal mortgage instrument to fund either. We could readily permit differential
moving cosis depending on the tenure considered.
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Optimizing with respect to ¢, gives condition

spect to & and z yields

=7
alloh = > D
=1

and

3Jidz = 2 + A, + puF =

Substituting for A, and wu leads to

> MU (MRS
t=1

In contrast to the earlier analys
entire stay with respect to a discoun
the marginal price ratio p, in each
ciency in allocating consumer resq
and/or borrow allows the marginal
converge.$

Regardless of a consumer’s marg
standard fixed-rate fixed-payment
equal across all time periods. Con
payments subject only to the const

ments:’

* Recalling that the prices of the numeraire good are s
numeraire prices for each period were &,, then Eq. (17) wo

=7
> MUL (MRS
r=i

6 With a FPM, the marginal utilities of co
& DUNE

? Lenders might choose to place nonnegati
it is not necessary 1o do so. Itis also likely th)

below.

Uy = upH

d = AE*\H.V

is, the cons
ted average
period.’ Th
surces. How
utility of ing

inal utility g
mortgage re
sider instead

nsumption and

ity constraints

DI ULy = Fipt.

iR

1 (8). Optimizing with re-

=0 (15)

0. (16)

=0 (17)

imer optimizes over the
price ratio p* rather than
is results in some ineffi-
ever, the ability to save
ome A, in each period to

f income in period ¢, the
quires that payments be
the opportunity to vary

raint that the discounted value of the
variable-payment scheme equals the¢ discounted

value of the housing pay-

et at 1 in this example, if the
uld be rewritien as

¢ — tp*kF)] 5 0.

ousing adjust such that

on z,, although mathematically

at an approprtate penalty could be derived that
would allow lenders, in certain periods, to make payments

to borrowers. We discuss this
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J = M DU, ¢) + My — 20 — ey — m)

-1

(18}
+ M?Cs — )t AM {1 + At — _HMU p, (1 + 3_.@ i.
Optimizing with respect to 4, we obtain
= r=r
aJlah = M DU, — M_ (p:Al + 'y = 0. (19)
Optimizing with respect to ¢; and z,, we obtain
w=x = X1+, forall > 1. (20)
Substituting into (19) yields
Uk — Mp) + (D7WUf = Xapa) + (DU = Mpa) + - - - =0,
or, as with (1),
=
M MU .[{MRS), — p,] = 0. : 1)

Equation (21) implies that the consumer optimizes with respect to each
period’s price ratio (recall that the numeraire price for each period
is set equal to 1), as well as with respect to the overall debt level

=1zl + )i

There are several implications for purchasers of housing services. First,
the ability to access capital markets by borrowing and/or lending may
increase consumers’ utilities and change housing purchases. Ability to
borrow may change not only the timing but also the amount of the pur-
chases.

This same logic applies to a comparison of optimal VPMs to fixed-
payment mortgates (FPMs). In a well-functioning capital market, borrow-
ers could draw upon future income as necessary to adjust housing pur-
chases and expenditures. Since most borrowers are unable to borrow
perfectly against future income, VPMs allow them to adjust more pre-
cisely at the margin of the housing and nonhousing prices that must be
paid. As such, utilities rise because the constraint that z; =z, = - - - =z,
is lifted. The order of magnitude of the surplus to borrowers and lenders
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depends on the nature of the borrgwers’ utility functions, prices, and
incomes.

5. AN ANALYTICAL SOLUTION FOR A TWO-PERIOD MODEL

Although an equilibrium solution does exist, and is unique, for a multi-
period problem, analytical solutions are not readily tractable for multipe-
riod models. In this section, we use a two-period model to analyze the
impacts of changes in incomes, priges, and/or preferences. Our frame-
work explicitly models the endogeneity of the moving decision. Consider
the decision whether to move or not, given the transactions costs of
moving

(1) when optimizing each period, but having to pay moving costs,
or
(2) when oplimizing over two periods, without moving costs.

This section develops an expression for dollar jvalue v of utility lost by
staying in the same location under ghanged ecor omic conditions. Given
constant moving cost s, an increase in v implies an increased likelihood
of moving.

Consider the separable utility function where parameter ¢ reflects het-
erogeneity of tastes. 1f 8 = 1, tastes are the same in each period. If @ is
greater (less) than 1, housing is preferred more (lgss) in the future relative
to the composite consumption good:®

U*=ylne + vyl + 8 Inc + Blnh +68/(1 +8)Ink. (22)
Assume, further, perfect capital markets such that

y =y, + y/(1 + 1) vi(l +7)

(23)
= *.ﬁ_\u_ .Th_m\ 1 +l+ﬁukw;— +\w.
Solving tor ¢,, k,, we obtain
cf = y*/E, 24)
cF =11 + /4 E), (25)
kY = (Blyp X Y*E), (26)
rE = (8B/ypl(L + NI+ B Y*E), (27)

S Here,y + 8 < l;y +68<1.
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where
E=1[1+ 11+ 8]+ (B + 8/(1 + &) (28)

Alternatively, if households do not move, hy = hz, or
U = ylne) +y/(1 + 8 inc + B+ 6/(1+ Nink, 29
subject to
yr =yl t =0t ol + 1)+ 1py + paf(0 + Nl (30)
Solving for ¢y, ¢2, k, yields

et = y**E, (30
et = [(1 + A + NY*E), (32)
B = (Bly)( + 8/ + 8)/[py + pa/(1 + NIY*/E). (33)
To determine the cost of the moving constraint, let K = yE and solve

for v such that U* = U**.°
The equilibrium value of v is

v=—(1 + N0 + @Iy**/K1 = Oy — @], (34)

where

Q=B In{ll + 6/(1 + dpi/p*}.
and
0, = Bo/(1 + 8 In{[(1 + 8)/(1 + NI + 8/(1 + Sip/(8pM)]}.
If » > 0, then aw/ay** > 0. It is also easily shown that

avlap, < 0, dvlap, > 0, dv/ar < 0, av/d > 0;
as palp; > 601 + £/(1 + 8). 35

Evaluating the effect of changed heterogeneity parameter 6, we obtain
avlae > O; as 8 > [(1 + 8)/(1 + Nl paip)). (36)

9 Goodman (1992) derives the comparative statics results in more detail.
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ha/ly

Housing 4
Period 2

WASSMER

hy =hy

Housing - Period 1

FiG. 1. The impact of the immobility constraint.

These results can also be demonstrated in Fig. 1. Oo:mmaoﬂ the choice of
housing amounts 4, and A, with no m <Em costs; i.e., polnt >.\ ﬁ_.oEmmnw.
(26) and (27), the ratio h,/k is on a rgy with slope :W + nép /(1 + .vm.m .
The constraint that z, = h; is represented by the 45° line from the o:.m:m
The moving cost equivalent is that » ecessary 6 make the ::omnm.:m::m
indifference curve pass through point B, which is where the 45° line cuts

the original income constraint y**.

he more binding the constraint, i.e.,

the more the original ray differs from45°, the m:wm:.wn the loss of utility, the
higher the value of », and the mor probable will be a move between

Periods 1 and 2.

The implications for multiple periods follow dir ectly. O:mzmﬁ E prices,
incomes, and preferences may affect demand mna::. Boa.__:w in stays
prior or subsequent to the actual change. Moving one period earlier or

later changes the vector of incomes

and prices, as well as the degree of

taste heterogeneity in prior or subsgquent stays, Increased income 1n a

given period, when capital Bma.wm
change the degree of homogeneity

depending on when within the stay it occurs.

6. LENDERS’ DECISIONS

s are not perfect, may essentially
of preferences within a given stay,

In our model lenders provide resources in the|following manner: Both
the borrower and the lender know what the vector of future housing msqa
nonhousing prices will be. The lender has determined that the borrower’s
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future income is sufficient to service the debt for a term of 7 periods, after
which the borrower will move to another home.! To live in the desired
house #,, a borrower desires a loan that covers the present discounted
value of future payments. The lender is willing to make the loan as long as

the present discounted value of the future payments equals loan value L
such that

L =h MqﬁN: + =g m (1 + p't=zF. (37)

=1 =1

If a risk-neutral lender is willing to make a fixed-paymenti loan L for
term 7, she should be willing to accept any guaranteed stream of variable
payments V such that

=7 =7

V=hy 2 p(l+0=> z(l+ni~t=L (38)

1 =1

As noted above, with a VPM the optimal loan may change because of the
consumer’s opportunity to optimize.'!

The increased consumer utility due to the ability to make variable pay-
ments represents a surplus, the distribution of which could be negotiated
between lenders and borrowers. That is, one can calculate the equivalent
net present value to the consumer of the ability to pay at variable rates. It
might be argued that the fixed payments serve as signals to the lenders
that the borrowers are creditworthy and can be counted on to pay on
time. Yet certainly some portion of the surplus could serve to insure
lenders against the additional risk, even in the case of risk-averse lenders,
and still allow the borrowers to increase their utility. The order of magni-

tude of such a surplus is important, and we turn to simulations to address
this issue.

7. SIMULATION

The simulation uses a 15-period model in which each period signifies 1
year. Both housing and the composite consumption good are purchased
as streams of services. Although ihe model permits utility functions and

'* At this point, we assume that uncertainty and asymmetric information are not at issue.
We address both below.

"' As with the public good equilibrium, housing demand may increase or decrease due to
the variable payment mortgage, depending on the consumer’s prefercnces, the interest rate,
and the discount rate.
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discount rates to vary over time, for our simulations they are held con-
stant. We calculate the consumer optimum for a fixed payment morigage
(FPM) and compare it to the optimum for the optimal variable payment
mortgage (VPM).

For the simulations presented, we use a CES ut lity function of the form

U = A B:h7 + \Sm_w;m.\b.. (39)

The elasticity of substitution ¢ = 1/(] — p). For th simulations, o is set at
0.5 (p = —1.0).2 The term &, reflects diminishin marginal utility, and is
set at 0.9; 8, is always normalized such that hou ing share of income is
30% at p, = 1. Utility at time ¢ is discounted by the discount rate D),

We chose to represent the effect|that the VPM would have had on
housing consumption patterns in the] United States. Incomes and prices
were gathered for a 15-year period between 1974 and 1988. The income
measure used was the median income of a U.S. |household whose head
was aged 15 to 24 in 1974 and 35 to 44 in 1988, In 1988 dollars, these
respective values were $24,700, and $36,550 (see enson, 1990). Interme-
diate values were linearly imputed.

Housing price was specified from the Consumeér Price Index, and the
Shelter Price Index, assuming that hdusing was a 30% share of all expen-
ditures. This provides a parameter for housing prices relative to the prices
of all other goods, as implied in the optimization,”? Moving transactions
costs were arbitrarily set at 1.0. With the starting income of 24.70, this
implies costs that are about 4% of a single year’s|income.

Tables I through 111 consider the cases with interest rate r equal to (r =
6.02), less than (r = 0.01), or greater than (+ = 0.03) the discount rate (6 =
D — 1) of 0.02. With § > 0, a FPM makes the consumer pay more for
housing at the beginning of the mortgage than she would wish. The gain
from the VPM over the FPM, with § 3 0, is the abi ity to push purchasing
power forward; the cost is the interest rate on the borrowed resource.
Hence, the lower interest rate r relative to discount rate 8, the larger the
potential gain from a VPM.

Begin first in Table I with 8§ = r. Il 2 FPM simulation the consumer’s
utility maximization would include a move at the beginning of Year 9 (as
well as the initial move in Year 1), increasing housing consumption by

12 Increases in ¢ reduce mobility because t ey make the nonhousing good ¢ a better
substitute for 4. Hence, constraints on 4 are less binding. Numerous simulations have been
run for various values of o and for various values of moving costs. Recall also that the
general results do not depend on C.E.S. functions, and that any twice differentiable utility
function could be used.

1* As noted by Polinsky {1977), this is also th appropriate means for estimating housing
demand.
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TABLE I
Optimization with Interest Rate = Discount Rate

Parameters: Discount = .02

Interest = 1.02
FPM: Utility = 103.7067 (move in Year 9)
VPM: Udility = 104.2607
Housing: Hous = 9.066

8, = 2.060 (Equivalent variation)

8. = 2.310 (Compensating variation)

Variable

Fixed payment payment

morigage morigage
T INC HP CON HOUS PAYT PAYVY CONY
1 24.70 1.00 13713 8.506 7.984 2714 20.984
2 25.49 0.87 17.503 8.506 7.984 4.504 20.984
3 26.28 0.87 18.293 8.506 7.984 5.294 20.984
4 27.07 0.87 19.083 8.506 7.984 6.083 20.984
5 27.86 0.90 19.873 8.506 7.984 6.873 20.984
[ 28.65 0.93 20.663 8.506 7.984 7.663 20.984
7 29.44 1.08 21.453 8.506 7.984 8.453 20.984
8 30.23 0.99 22.243 8.506 7.984 9.243 20.984
9 31.02 1.01 19.890 9.697 10.127 10,033 20.984
10 31.81 0.99 21.680 9.697 10.127 14.823 20.984
11 32.60 1.00 22.470 9.697 10.127 11.612 20.984
12 33.39 1.03 23.260 9.697 10.127 12.402 20.984
13 34.18 1.08 24.050 9.697 10.127 13.192 20.984
14 34.97 1.10 24.840 9.697 10.127 13.982 20.984
15 36.55 1.1 26.427 9.697 10.127 15.569 20.984

Note. Optimum under I5-year FPM: I/ = 103.6077; Hous = 9.034; Payments = 8.890.

14.0% (9.697/8.506), and housing payment by 26.8% (10.127/7.984). The
fixed payment mortgage yields a utility level of 103.7067. Even though the
consumer jacurs transactions costs by moving in Year 9, the utility level
achieved is higher than the level of 103.6077 (noted at the bottom of Table
), which would have accrued with no additional move, Moving, even
with transactions costs, serves as a substitute for the capability of fully
accessing capital markets,

The availability of a VPM for a single stay indicates that the individual
would pay considerably less for housing in the first part of the stay. The
Year 1 VPM payment of 2.714 in Table 1 is 66% less than the Year 1 FPM
payment, and the Year 8 payment is 16% higher. The consumer with a
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TABLE|1I
Optimization with Discount Rate |Greater Than 1
Parameters: Discount = 1,02
Interest = 1.01
FPM: Utility = 103.6850 (move in [Year 9)
VPM: Utility = 104.7538
Housing: Hous = 9109

S8y = 4.100 (Equivalent variation)

§. = 4.770 {Compensating variation)

TABLE 111
Optimization with Discount Rate Less Than Interest Rate
Parameters: Discount =  1.02
interest = 1.03
FPM: Utility = 103.7279 {(move in Year 9
VPM: Utility = 103.9478
Housing: Hous = 9.0483

Sy = 0.780 (Equivalent variation)

S, = 0.930 (Compensating variation)

Variable

Fixed payment payment

morigage mortgage
T INC HP CON HOUS PAY? PAYY CONY
1 24.70 i.00 15.711 502 7.98¢ 0.480 23.217
2 25.49 0.87 17.501 502 7.984 2.593 22.894
3 26.28 0.87 18.29] 8.502 7.986 3.704 22.573
4 27.07 0.87 19.081 502 7.984 4.814 22.234
5 27.86 0.90 19.871 8.502 7.984 5921 21.936
6 28.65 0.93 20.661 §.502 7.984 7.026 21.621
7 26.44 1.08 21.451 8.502 7.986 8.130 21.307
8 30.23 (.99 22.241 ®.502 7.986 9.232 20(.995
9 31.02 1.01 19,887 9.692 10.130 1.332 20.685
i0 3181 0.99 21.677 9.692 10.130 11.430 20.377
I 32.60 1.00 22.467 9.692 10. 130 12.526 20.071
12 33.39 1.03 23.257 9.692 10.130 13.621 19.766
13 3418 1.08 24.047 9.692 10.130) 14,713 19.464
14 34.97 1.14 24.837 9692 10.130 15.804 19.163
15 36.55 1.t 26.424 9.692 10.130 17.690 18.864

Nate. Optimum under 15-year FPM: &/ = 103.3

FPM would then increase housing demand and payn

the VPM would still be higher (in all by
In measuring the potential gains from

309; Hous = 9|

t Year 9).
the VPM, n

018: Paymenis = 8.890.

nents in Year 9, but

ote the “‘index num-

ber problem” in measuring the wealth variation that equates the utility

level. One can either calculate the equiv
the FPM to bring the homebuyer up to th
ing variation S, necessary in the VPM to
FPM utility. "

14 See Varian (1984, pp. 264-265) for discussiol
convention of referring to both in positive terms.
tion,

alent variati

e VPM utilit

n of these two

n Sy necessary with
, or the compensat-

bring the homebuyer down to the

concepts. We adopt the

Schwab (1982) pses compensating varia-

Variable

Fixed payment payment

mortgage mortgage
T INC HP CON RHOUS PAYT PAYVY CONY
1 24.70 1.00 15.716 8.510 7.982 4.776 18.921
2 25.49 0.87 17.506 8.510 7.982 6.271 19.216
3 26.28 0.87 18.296 8.510 7.982 6.764 19.513
4 27.07 0.87 19.086 8.510 7.982 7.255 19.812
b 27.86 0.90 19.876 8.510 7.982 7.744 20.113
6 28.65 0.93 20.666 8.510 7.982 8.232 20.415
7 29.44 1.08 21.456 8.510 7.982 8.717 20.720
8 30.23 0.99 22.246 8.510 7.982 9.201 21.026
9 31.02 1.01 19.893 9.702 10.124 9.683 21.334
10 31.81 0.99 21.683 9.702 10.124 10.163 21.644
11 32.60 1.00 22.473 9.702 10.124 10.642 21.955
12 33.39 .03 23.263 9.702 10.124 1118 22.26%
13 34.18 1.08 24.053 9.702 10.124 11.593 22.584
14 34,97 1.10 24.843 9.702 10.124 12.066 22.901
15 36.55 1.11 26.430 9.702 10.124 13.334 23.220

Note. Optimum under 15-year FPM: U = 103.6830; Hous = 9.050: Payments = 8.882.

S, will generally be larger (in absolute value) than S,. Consider a dollar
supplement in the fixed payment regime. It is applied to a FPM and
supplements a weighted utility measure. Consider then the dollar deduc-
tion from the VPM. The consumer will be able to reduce payment in order
to minimize the loss of utility. Since a dollar loss with the VPM sacrifices
less utility at the margin than a dollar increase gains, it takes a larger
absolute fall in income under a VPM than absolute rise under a FPM. This
suggests that Syand §, supply lower and upper bounds to the welfare gain
from the VPM.

At & =r =0.02, 5= 2.060 and 5, = 2.310. It is wise to put this into
perspective. These amounts are more than double the moving costs (1.0)
and equivalent to 8.3% (for S;) or 9.4% (for §,) of the first year’s income.
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Alternatively, they are 25.8% (for §) to 28.9% (for §,) of the initial
housing payment under a fixed regime.

Recall that the lender’s decision relates the|borrower’s VPM to the
decision to lend with a FPM. Sy and/or S, reflect a potential surplus to a
iender. Reiterating concern about adverse selection, there is a “‘cushion™

for a lender to use for ‘‘insurance’
selection.

against the probability of adverse

Tables II and III consider the results with interest rates of 0.01 and
0.03, respectively. As expected, holding 8 constant, the benefits of a VPM
decrease with r. With » = 0.01, the value of $,(S}) is 4.100 (4.770), or 16.6

and 19.3%, respectively, of first yeal’s income.

ith r = 0.03, the value of

SAS,) is 0.780 (0.930). Clearly, the higher the yalue of r relative to the
discount rate, the less desirable the VPM. Moregver, the potential surplus
available to the lender for insurance against adverse selection grows as

the individual’s discount rate increases relativ
rate.

to the market interest

The ability to shift forward purchasing power also increases housing

demand. In the presence of hetgrogeneous

references and income

changes, the ability to vary mortgage payments has larger payoff’s and s.;__
increase housing demand. This follgws from the likelihood that constraint

thatz; = z; = - + - = z, = z in the fixed moriga

ingly costly. For example, in Table I with the

payments increases the housing demand by abo

the initial stay with the FPM. The increment is
(7.1% in Table II).

8. CONCLUSIONS

This study has considered the development of
the multiperiod optimization on the part of botl
The borrower’s decision has many lelements of
In allocating a public good, the main problem
reveal their “‘true’” preferences. In the choice

would become increas-
= r, the ability to vary
1 6.6% (9.066/8.506) over
even higher when 8 > r

[ optimal mortgages from
1 borrowers and lenders.
a public good allocation.
is getting consumers to
of a VPM schedule, the

consumer can improve her well-being by Eﬁo%:m housing payments to

her preferences. A VPM offers two ways for
utility by redistributing purchasing power from

he borrower to increase
period to period:

1. to link marginal utility of incame over time through the interest and

the discount rates.

2. to address the varying prices of housing and the numeraire good.

The absence of perfect capital markets make
come from period to period without a VPM diffi
first-period payment under a VPM (which occurs

s the redistribution of in-
cult. The generally lower
upon the purchase of the
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stream of housing services) can be treated as a housing down payment. As
such, the model makes the down payment endogenous. Considering the
first VPM payment in this manner, we show that lenders can benefit from
lowered down payments, even without the increased interest rates that
are assumed in other models.

Most importantly, the model provides useful insights into why VPMs
could be beneficial to both lenders and borrowers. It suggests that the
development of an optimal payment schedule could lead to increased
profits for the former, and increased utility for the latter.

We have attempted to be relatively conservative in our choice of simu-
lation parameters, and we have still derived substantial surpluses. As our
results indicate, the surplus increases as the individual discount rate rises
relative to the interest rate. This suggests that although a VPM will not be
appropriate for everyone, it will be highly valued by prospective home-
owners who discount the future relative to the market.

Mortgage lenders may cite the problem of asymmetric information be-
tween lenders and borrowers as the main hindrance to the implementation
of our VPM instrument. We respond in two ways. First, the lender who
would approve a fixed-payment instrument would afready have addressed
many of the information concerns in approving the loan. Second, we have
demonstrated that the potential surpluses are large enough to justify an
“up-front” percentage payment (points) to insure against nonpayment, or
a system of late-payment penalties. Both would encourage borrowers to
present their financial situations accurately to lenders. In cases such as
those analyzed, then, VPM mortgages must be considered Pareto supe-
rior to the FPM mortgages which have been so popular in the post-World
War II era.

Further research would address the issues of uncertainty and the roles
of nonhousing decisions such as the household’s portfolio choice deci-
sion. In our model, both households and lenders have perfect knowledge
regarding all future parameters and act accordingly. Uncertainty would
affect borrowers’ precautionary savings and the use of prepayment op-
tions. It would affect lenders’ concerns about mortgage default with re-
spect to possible adverse selection in the issuing of loans. With portfolio
choice theory, the consumer would choose the amount and type of mort-
gage along with the rest of her portfolio. Both extensions would broaden
the analyses yielded by the model proposed here.
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