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EXECUTIVE SUMMARY

This report describes findings from the second portion of a two-part project on temporary
buydowns. A temporary buydown is one of many creative financing techniques which
enjoyed growing popularity in the late 1970s and early 1980s. Under a typical temporary
buydown, a homebuyer’s mortgage payments during the early years of the mortgage are
subsidized by the seller, who pays a portion of the mortgage payments that would otherwise
be paid solely by the borrower. This arrangement is effected by the seller’s funding an
escrow account that is depleted as funds are used to supplement the payments made by the

mortgagor to the lender.

Because a temporary buydown offers monetary benefits to the homebuyer, a homebuyer
would be willing to pay more for a home offering a temporary buydown as a part of the
sales transaction. Indeed, findings in the first part of this project imply that on average
50 to 75 percent of the value of the buydown is capitalized into the sales price of the
home. Unless a similar buydown were offered as part of subsequent sales transactions,
however, any financing premium capitalized into the original sales price of the home would
not be recaptured at resale. This reasoning suggests that temporary buydowns may leave
the mortgage insurer more vulnerable to loss in the event of foreclosure. In addition, if the
mortgagor cannot recapture the capitalized value of the buydown upon resale, the mortgagor
has less equity than otherwise identical mortgagors who did not purchase under buydown
arrangements. Reduced equity is likely to be translated into ultimately higher default rates

for those utilizing buydowns.

Although prior studies suggest the importance of such equity considerations in default
behavior, this literature has not examined in detail the effects of temporary buydowns. The
purpose of this portion of the current project is to fill this gap in our empirical knowl-
edge. By statistically comparing default behavior on buydown and nonbuydown trans-
actions, holding other factors constant, the empirical estimates show the way in which

buydown/nonbuydown default differentials evolve as mortgages age.
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The study begins by developing an option-based model of default that is used to guide the
empirical work. Temporary buydowns are shown to have two potential effects on default.
First, as noted above, if buydowns are capitalized into sales prices, but the capitalized
value cannot be recaptured upon resale, equity is reduced and the incentive to default
correspondingly increased. A second effect works to offset the first effect. at least initially.
Because the buydown escrow reverts to the lender in the event of default, and because
buydown payments initially help to defray the mortgagor’s monthly payments, the incentive
to default is reduced during the buydown period. These two effects are e:.nected to work,
on net, to lower default rates at short durations but to raise default rates at 1wiger mortgage

durations.

Estimation of the impact of buydowns on default utilizes the same data as that used in
the first part of the project: coded data from FHA casebinders for five samples of FHA-
insured, 30-year, level-payment mortgages. Three samples consist of sales transactions
for mortgages starting in 1982 in Denver, Phoenix, and San Antonio, respectively. The
remaining two samples are for mortgages beginning in 1985 and the first seven months
of 1986 in Phoenix and San Antonio, respectively. Data drawn for these samples include

information on characteristics of the home, the sales transaction, and the buyer.

Estimation proceeds by specifying a proportional hazards model in which the probabil-
ity of default at each point in time is specified as dependent upon the initial home sales
price, the initial and current values of the buydown balance, the contemporaneous principal
balance and value of the mortgage, and other factors. The estimates confirm the two basic
predictions of buydown effects. First, in their default behavior, mortgagors act as if tem-
porary buydowns are capitalized in house prices, generally at about full present value, but
this capitalized value cannot be recaptured upon resale. This effect alone acts to increase
default probabilities under buydowns. Second, the remaining buydown balance deters de-
fault behavior. Though usually estimated with less precision than the first effect, the point

estimate for this second effect indicates a larger impact on default rates for a buydown of
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a given size. In general, the two effects together initially lower default rates but ultimately
raise default rates of mortgages with buydowns relative to otherwise identical mortgages
without buydowns. While there is a possibility that the estimates reflect, in part, differences
among mortgagors that would exist even in the absence of buydowns, the estimates imply

clear and substantial differences in default behavior associated with temporary buydowns.

Simulations of cumulative default rates for each of the estimated models utilize different
buydown patterns and a variety of economic scenarios, the latter of which are represented
by changes in house prices and unemployment rates. The simulation results show that poor
economic conditions translate into much higher default rates than good economic conditions.
Larger buydowns generally show lower cumulative default rates at low durations where the
effect of future buydown payments has a large default-depressing effect. By three years after
loan origination, however, effects on cumulative default rates are generally reversed, with
larger buydowns leading to higher cumulative default rates. The latter differences appear

to be especially dramatic when economic conditions are poor.
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I. INTRODUCTION

A temporary buydown is one of many creative financing techniques which collectively grew
in importance during the late 1970s and early 1980s. Under a typical temporary buydown, a
homebuyer’s mortgage payments during the early years of the mortgage are set at levels that
correspond to lower mortgage interest rates than are actually being paid to the lender. The
difference between the lower monthly payments made by the borrower and the higher levels
actually received by the lender is provided by the seller of the home. For loan transactions
insured by the FHA, the full difference in payments must be placed in an escrow account
at the time of sale. The escrow account, which may or may not bear interest, is gradually
drawn down through the life of the buydown as escrow funds are used to supplement the

mortgage payments provided by the mortgagor to the lender.

A temporary buydown is clearly worth something to a prospective homebuyer since
it reduces mortgage payments in the short-term and, as noted below, may have other
benefits as well. Thus, a homebuyer would be willing to pay more for a home offering a
temporary buydown as a part of the sales transaction than if no buydown were offered.
Unless a similar buydown were offered as part of subsequent sales transactions, however,
any premium captured in the original sales price of the home would not be recaptured if the
home were resold.! This possibility apparently leaves the mortgage insurer more vulnerable

to loss in the event of foreclosure.

Not only may temporary buydowns leave the insurer more susceptible to loss in the
event of mortgage foreclosure, they may also increase the likelihood of default for at least
two reasons. First, the same reason that an insurer would be exposed to a loss in the event
of default—an initially higher sales price coupled with the infeasibility or inadvisability of

offering a buydown as part of subsequent sales transactions—would reduce the incentive

1We leave open the question of whether subsequent sales transactions are in fact likely to include buy-
downs as well. The answer here turns on the fundamental issue of why buydowns exist at all and the way
in which buyer and seller separately benefit from their presence. This question is discussed below and in
greater length in a companion report (Cotterman [1992]?.
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for the original buyer to avoid default.? That is, when compared with other homebuyers
purchasing homes with the same initial sales price, those who purchase under temporary
buydown agreements have a home with a smaller resale value (in the absence of a buydown
as part of a subsequent sale). After the temporary buydown escrow is exhausted, they face
the same remaining debt burden to support this less highly valued asset, thus reducing the

incentive not to abandon the home entirely.

Second, temporary buydowns facilitate loans that result in relatively heavier housing
expense burdens. In particular, if underwriting criteria focus on initial housing expenses
relative to income, then the reduction in initial monthly mortgage payments resulting from a
temporary buydown permits a prospective homebuyer to qualify for a larger loan than would
otherwise be made. That is, the full mortgage payments based on the actual coupon rate,
which take effect after the buydown period has passed, would constrain the homebuyer to a
smaller loan than that permitted by the subsidized mortgage payments that characterize the
period of the buydown. Indeed, the fact that temporary buydowns would permit borrowers

to qualify for larger loans is a potentially important motivation for their existence.

Both direct and indirect evidence on the likely effect of buydowns reinforces the logical
arguments that suggest (a) at least partial capitalization of the buydown into the selling
price of the home, and (b) increased default activity. The first piece of evidence is that
other seller-provided financing benefits appear to be partially capitalized into sales prices
of homes. For example, recent empirical studies show that a substantial fraction of seller-
provided assumption and mortgage revenue bond financing is capitalized into house prices
(see Durning and Quigley [1985]). Moreover, findings in the first part of this study (Cotter-
man [1992]) suggest that about 50 to 75 percent of the present value of buydown payments
is capitalized into the sales prices of homes. Other evidence suggests that borrower’s equity
1s an important deterrent to default (see, for example, Foster and Van Order [1984]). If

borrowers are unable to recapture the value of the buydown upon resale, they would be

2As discussed below, the existence of the buydown funds to help finance early mortgage payments would
initially counteract this effect.



expected to exhibit a higher probability of default. A third source of evidence is the default
behavior of buyers who have graduated payment mortgages (GPMs). The rise in borrower’s
payments in the early years of a mortgage with a buydown mimics the behavior of payments
under GPMs like those issued under the FHA 245(b) program; such GPMs have been found

to have unusually high default rates.

In 1986, reasonable concerns over the effect of buydowns on the health of the FHA
mortgage insurance fund led HUD to tighten appraisal and underwriting criteria so as to (a)
limit the extent of seller financing contributions included in the prices of comparables and in
the determination of maximum mortgage amounts, and (b) end the use of temporarily lower
initial mortgage interest rates for loan-qualification purposes. These restrictive changes,

instituted in August 1986, were later relaxed somewhat in 1987.

Despite introduction of policies to cope with perceived problems of temporary buydowns,
and the apparent reduction in the use of seller financing concessions in general and tempo-
rary buydowns in particular, there remain questions regarding the actual default behavior
engendered by temporary buydowns. In particular, did mortgages that were accompanied
by temporary buydowns suffer from a higher incidence of default? This report attempts
to answer this question directly by statistically contrasting the default experience of mort-
gages accompanied by buydowns with otherwise similar mortgages in which buydowns were

absent.



II. THEORETICAL IDEAS AND EMPIRICAL IMPLEMENTATION

A. Theoretical Background and Structure of the Model

Although the housing finance literature contains numerous studies examining various kinds
of creative finance techniques and seller financing concessions in general (see, for example,
Jaffee [1984], Brueckner [1984], Agarwal and Phillips [1983 and 1984], Schwartz and Kapplin
(1984], Sirmans, Smith, and Sirmans [1983], and Durning and Quigley [1985]), there has been
little work specifically on temporary buydowns. Moreover, most of the existing literature
on seller financing concessions has focused on the capitalization question directly—that
is, asking the extent to which the sales price of a home embodies the capitalized value of
financing concessions. The findings are, in general, that seller financing concessions are
reflected in sales prices of homes but at less than full present value. The companion report
on the first part of this study (Cotterman [1992]) extends these capitalization results to

temporary buydowns.

The other strand of literature relevant to the current study is that on mortgage default.
(See, for example, Campbell and Dietrich [1983], Foster and Van Order [1984], and Cun-
ningham and Capone [1990]. Neal [1989] presents a useful summary.) This literature has
tended to focus on the structure and causes of the default decision, and in particular on
the role of ability-to-pay and/or equity considerations in generating default behavior. Little
attention has been paid to the possible role of seller financing concessions and of temporary

buydowns in particular.?

This report builds upon ideas in the option-based mortgage default literature with suit-
able modifications to allow for the features of temporary buydowns. We assume that the
individual mortgagor faces three choices at any point in time: to continue to hold the

existing mortgage, to prepay the mortgage, or to default on the mortgage. Absent such

30One exception is Cunningham and Capone (1990), whose study of default and prepayment includes a
variable defined as the remaining duration of the buydown if the buydown rate is below the contemporaneous
market rate, zero otherwise. They report that this variable has a negative and insignificant effect on the
probability of default.
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considerations as transactions costs, damage to credit rating, costs of moving, etc., three
magnitudes are relevant for this decision: the principal balance on the current mortgage
(¢}, current value of the mortgage V(t), and the current value of the home H(t).* De-
fault occurs when the value of the home is the minimum of these three magnitudes; i.e.,
H(t) < min(V/(¢), P(t)); prepayment occurs when the principal balance is the minimum of
the three, i.e., P(t) < min(V/(t), H(t)); and the mortgage continues to exist when the value

of the mortgage V/(¢) is the minimum of the three.

TABLE 1

Definitions of Variables Used in the Theoretical Development

P(t) Principal balance (at time t)

V(t) Value of the mortgage (at time t)

H(t) Home value (at time ¢)

C(t) Costs of default (at time t) as a proportion of home value
So Sales price in most recent transaction

B(t) Buydown value: the present value of remaining seller financing
concessions as of time ¢

9(t)  Growth rate of home values at time ¢

The reasoning here is straightforward. When the value of the mortgage exceeds the
principal balance, prepaying dominates the status quo because the individual can obtain a
new mortgage with a value equal to the principal balance. When the value of the home is
less than both the current principal balance and the value of the current mortgage, however,
default is optimal because one could, in principle, repurchase the same home for less than

the cost of either holding or prepaying the existing mortgage.

Now consider the introduction of costs of default. Costs of default act as a buffer,

making default less likely to occur, other things the same. Assuming for convenience that

“Table 1 lists the definitions of all variables utilized in the theoretical development.
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default costs are proportional to the value of the home (which seems reasonable for costs

like moving costs) but possibly vary with loan duration, the default condition becomes

H(t)(1+ C(t)) <min(V(¢),P(t)) (1)

where C(t) is costs of default as a proportion of home value.>  (Analogously, costs of

prepayment, which are ignored here, could be incorporated in the P(¢) term.)

Buydowns and other seller financing concessions potentially affect default in two ways.
The first way is through their implicit relation to the value of the home at the time of the
sale. Abstracting from the possibility of offering seller financing concessions as part of a
resale transaction, the current market value of a home is expected to be directly related
to the market value of the home on the date of purchase, which is in turn expressible as
the sales price of the home less the capitalized value of seller financing concessions that
were part of the original sales transaction. Specifically, we may relate the current value
of the home H(t) (in the absence of financing concessions upon resale) to the most recent
sales price So and the present value of seller financing concessions that were part of that

transaction, B(0), evaluated at the time of sale, by®

H(t) = (So — vB(0)) exp(g(t) + €(t)] (2)

where g(t) is a deterministic function of time; €(t) is a stochastic function; and g(0) = ¢(0) =
0.7 The coefficient v measures the extent to which the present value of seller financing
concessions is reflected in the sales price of the home: 4 = 1 when the buydown amount is

reflected dollar for dollar in the selling price.

SEconomic stress—loss of the mortgagor’s job, unexpected increases in medical bills, etc.—could be
treated as a negative cost of default, making default more likely to occur. An alternative model is to treat
inequality (1) and the existence of economic stress (somehow measured) as jointly necessary and sufficient
for default to occur.

6Notice that our notation draws a distinction between the most recent sales price of the home, Sy, and
its value at that time in the absence of a buydown, H(0).

"The influence of discount points could be treated in a fashion parallel to that accorded temporary
buydowns and other seller financing concessions.



Note that the default condition, (1) above, may equivalently be expressed as In H(t) +
In(1 + C(t)) — Inmin(V(t), P(t)) < 0. Taking logs of Eq. (2) and substituting, the default

condition may be expressed as

In So + In(1 — vB(0)/So) + g(t) + €(t) + In(1 + C(t)) — ln min(V (¢), P(¢)) < 0

or

In So — ¥B(0)/So + g(t) + €(t) + In(1 + C(t)) — ln min(V(¢), P(¢)) < 0 (3)

where we have used the approximation In(1 + é) &~ § for small 6.8 According to inequality
(3), an increase in the initial value of the buydown B(0), holding constant the sales price

So, would reduce the left hand side of (3), making default more likely.

A second way in which a temporary buydown affects the default calculation is through
its impact on the value of the mortgage, V/(¢). During the early years of the mortgage, the
buydown helps offset mortgage payments. Thus, until the buydown escrow is exhausted,
there remain B(t) dollars of buydown payments (evaluated in present value terms as of time
t) remaining to be applied to future monthly mortgage payments. To emphasize the fact
that, until the buydown is exhausted, the buydown reduces the value of future mortgage
payments, we let V() measure the value of the mortgage in the absence of the buydown
subsidy (i.e., if the full coupon rate were paid). Thus V/(t) — B(¢) represents the value of

the mortgage when the buydown is present.®

We assume that if the mortgage is prepaid, the present value of remaining (unused)
buydown amounts are returned to the mortgagor,!® and thus the presence of the buydown

has no effect on the incentive to prepay the mortgage.!! Hence P(t) continues to represent

SThis approximation follows from a Taylor’s series expansion: In(1 + &) = & — (1/2)62 + (1/3)8% — - - -,
for |6] < 1 and 6 # —1. When § is small, the total of all terms after the first is negligible.

9This treatment ignores the possible distinction between the present value of the remaining buydown
and its market value.

19Although the buydown escrow can be, and sometimes is, returned to the mortgagor in the event of
prepayment, our understanding is that more commonly the buydown escrow reverts to whoever funded it.

1An alternative scenario that would also render the buydown neutral in its effect on prepayment is to

assume that the buydown escrow accumulates interest, payable to the mortgagor, at the contemporaneous
market interest rate.
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the principal balance on the mortgage that must be paid to the mortgage holder in the
event of prepayment. The net mortgage balance to the mortgagor, however, is P(t) — B(t)
because B(t) would be returned to the mortgagor in the event of prepayment. Viewed
differently, although the mortgagor still owes P(t) to the lender, and this represents the
discounted value of remaining mortgage payments at the coupon rate, the value of these
payments is reduced to the extent that future buydown payments offset monthly mortgage

expenses.

Building these effects into (3), we may express the condition under which default occurs

InSo —vB(0)/So + g(t) + €(t) + In(1 + C(2)) - In(min(V (), P(¢)) — B(t)) < 0

or

In So — vB(0)/So + g(t) + e(t) + In(1 + C(t))
—lnmin(V(¢), P(2)) + (B(t)/ min(V(¢), P(t))) < 0 (4)

where we have again used the approximation In(1 + §) ~ 6 for small . Inequality (4)
clarifies and summarizes the potential role of temporary buydowns in mortgage default
behavior by isolating the two effects. The first effect is reflected in the term (=vB(0)/So).
To the extent that the value of a temporary buydown increases the purchase price of home
(¥ > 0) but cannot be recaptured upon resale of the same home, default is encouraged.
That is, when comparing homes with equal purchase prices, those bought under temporary
buydown arrangements would be expected to show greater propensity to default from this

effect alone.

Buydowns do not operate on default propensities solely through the latter channel,
however. A second effect is captured in the term (B(t)/ min(V(t), P(t))), which reflects the
effect of the buydown on the mortgagor’s payment burden. The latter impact is important
enough that the net effect of a buydown on default may well change over the early years

of the mortgage. To see this, note that the initial sales price of the home Sy will generally

-8-



exceed both the initial principal balance P(0) and the initial value of the mortgage V(0).12
If there is less than full capitalization of the value of the buydown into the sales price of

the home, then 4 < 1, and it must therefore be the case that

vB(0)/So < B(0)/ min(V(0), P(0)). (5)

In view of the default condition given by (4), the initial net effect of the buydown is thus to
make default less likely to occur. The reasoning is straightforward: when compared with
equally priced homes not having temporary buydowns, the lower resale value of a home that
is sold with a temporary buydown is initially more than offset by the buydown payments
that will be applied to the early mortgage payments. Since these buydown payments would
be sacrificed in the event of default, the likelihood of default is correspondingly reduced.’®
As the mortgage ages, the remaining buydown amount B(t) falls eventually to zero. Thus
there is some intermediate time at which the two buydown effects—one on the implied resale
value, the other on the remaining house payment burden—exactly counterbalance, leaving
the buydown with no net impact on default.’* Beyond this break-even point, which must
occur no later than the time at which buydown payments fall to zero, there is too little
buydown remaining to offset the reduced home value, and the result is a higher default rate

for homes with buydowns than for homes without buydowns.!®

12We ignore the possibility that financed closing costs and financed mortgage insurance premia could
push the initial principal balance over the initial sales price of the home.

'3With more than full capitalization (y > 1), there need not necessarily be a period during which default
probabilities are reduced.

!4Strictly speaking, this statement assumes that min(V/(t), P(t)) is continuous in ¢.

!3Allowing a buydown to occur at resale would not necessarily offset this effect, but it complicates the
analysis. Although H(t) has been defined to be the contemporaneous value of the home in the absence of a
buydown, we may more generally view H(t) as the net market value of the home under the optimal resale
strategy, whether or not this strategy dictates that a buydown be offered. If the best strategy is to include
a buydown as part of a resale, then H(t) includes the net benefit to the mortgagor of offering the buydown
as part of the sales transaction. In this more general case, there is an additional complication if the net
cost to the mortgagor of supplying a buydown differs from the net benefit to prospective buyers, for then
the net cost of defaulting could depend upon whether the individual repurchases his/her own home. That
is, once one allows the possibility of a buydown upon resale, H(t) may lose its interpretation as the unique
market value of the asset.
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B. Estimation

To turn this theoretical construct into an estimable statistical model, we formulate a
hazard model that embodies the essential features of inequality (4). To begin, we note
that inequality (4) embodies an implicit normalization in setting all coefficients (other than
that on B(0)/So) to unity. Relaxing this normalization and rearranging so that observables

appear on the right-hand side, we rewrite the default condition as

€(t) < —Boln So + BovB(0)/So — Bog(t) — Boln(l + C(t))
+050 ln min(V(t), P(t)) — Bo(B(t)/ min(V(t), P(t))) (6)

where, for notational simplicity, we now redefine €(t) to include all randomness and other

unobservables.

To translate the default inequality (6) into a probability statement, we assume that the
hazard rate for defaults A(t), which gives the probability of default at time ¢ given that
default has not occurred prior to ¢, is a function of the linear combination of observables
that appears on the right-hand side of (6). Letting X denote this vector of observables, and
letting § denote the corresponding vector of coefficients (all but one of which is ), the
right-hand side of inequality (6) may be written as X’3. Taking the special case of a propor-
tional hazards model in exponential form, the hazard function, or conditional probability

of default, is expressed as

A(t) = Ao(t) exp (X'B)

where Ao(t) is an arbitrary baseline hazard function that captures all direct dependence on

duration,'® and where for compactness of notation we have suppressed the dependence of A

on X and 8.7

'The hazard also depends indirectly on time through time variation in the X.

1"This framework may not be sufficient to capture the full range of theoretical possibilities. Specifically,
the term ¢(t) is important as a source of randomness in default behavior, but we have not been specific
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For purposes of estimation and prediction, an important feature of this framework is
that one can go from the hazard function to the survivor function, A(t), which gives the
probability that default has not occurred prior to t. The relevant relationship is given by
A(t) = —dIn A(t)/d¢; thus, the survivor function can be obtained by integrating the hazard
function. From the survivor function, the density function of default times, f(t), may be

derived by differentiation: f(t) = —dA(t)/dt.

As with most mortgage data that are available for empirical implementation of models
of default, the FHA data to be used here are characterized by censoring. That is, the data
contain two fundamental types of observations: (a) those observed to end in default at
some point over the observation period, and (b) those that do not end in default, either
because the mortgage remains active at the end of the period of observation, or because
it terminates by virtue of either prepayment or assumption by a new mortgagor over the
observation interval.!® The hazard function methodology enables one to incorporate easily
both the former (uncensored) observations as well as the latter (right-censored) observa-
tions. Defining d; to be unity when observation i is uncensored, and zero otherwise, the log

likelihood function In L(3) may be written as

In L(8) = 3_(diln f(t:) + (1 - di) ln A(t)) (7)

where t; denotes the time of default for uncensored observations and the length of the

observation interval for censored observations. (Dependence of f and A on 8 and X has

about its form. One plausible assumption is that the randomness follows a random walk. If so, the hazard
model specified may not fully capture the time dependence induced by such a process. In particular, since
the random walk specification assumes that new noise generated at each instant simply gets added to
the accumulation oF noise generated earlier, then the fact that default has not occurred prior to time t is
informative about the probability of default occurring at t. Hence the conditional probability of default
occurring at ¢ (and thus the hazard) should depend on East values of the explanatory variables. One way to
construct the hazard function so that it does embody the random walk assumption is to use the theoretical
construct to derive the distribution of first passage times, and then use the latter to derive the implied
hazard function. Unfortunately, with a boundary that is time-varying (due to variation in the V(t) and
P(t)), the task of deriving the distribution of first passage times seems difficult indeed, though it remains
a theoretical possibility.
13The fact that mortgages may terminate in prepayment, default, or assumption suggests a competin

risks framework. Budgetary constraints do not permit this extension. We simply treat prepaid and assumeg
mortgages, together with those that remain active at the close of the observation period, as right-censored
from the perspective of the default analysis. Results in Kalbfleisch and Prentice {)1980) demonstrate that
this treatment of the competing risk is appropriate.
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been suppressed for expository convenience.)

Although maximization of Eq. (7) with respect to 8 would yield estimates with the usual
(desirable) asymptotic properties, there are several practical difficulties in implementing this
procedure in the instant case. First, the data to be utilized in this study do not indicate
the exact time of default, but only the month of default. Thus, we modify the likelihood
function, Eq. (7), by replacing the density of the time of default f(¢;) with the probability
that the time of default lies in the month that starts at time 7;; and ends at time 7;:

In L(B) = > _(d:In(A(ry;) — A(7a:)) + (1 — di) In A(t:)). (8)

Second, some of the explanatory variables that we propose above (i.e., the components
of X) are time-varying. While this feature raises no new theoretical problems in that
the hazard may still be integrated to form the (log of the) survivor function, integration
becomes much messier because it must be performed separately over each interval for which
an X varies for a particular observation. When some explanatory variables vary nearly
continuously, as is true here (see the discussion below), it is unclear how finely to divide
the time interval to pick up movements in X. Finer division is more costly but presumably
provides more precise estimates. For our purposes we use a month as the time interval over

which explanatory variables are assumed to be unchanged.

Third, the data utilized in the current study are stratified according to outcomes.’® In
particular, defaults are oversampled relative to nondefaults. Following Manski and Lerman
(1977), we account for this feature by employing a weighted exogenous sampling maximum
likelihood (WESML) estimator. The WESML is formed by weighting each of the two
branches of the likelihood function, Eq. (8), by the ratio of the population share with a

particular outcome to the sample share with that same outcome.?®

19As discussed below, the data are also stratified according to city, time period, and whether the subject
home is newly constructed. These aspects are reasonably treated as exogenous to the default process, and
thus stratification in these dimensions poses no problems in estimation.

*9The computation of the asymptotic covariance matrix follows that presented in Manski and Lerman,
p. 1984.
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A fourth practical issue is how to specify the baseline hazard. In this study we employ

the log logistic baseline hazard:?!

6"

Ao(t) = T+t

6>0,¢0>0.

This two-parameter family is well-suited for this purpose because it permits a “humped”
shape that is generally thought to characterize default behavior. For § > 1, the baseline
hazard first increases with duration, i.e., the conditional probability of default at first
rises with the age of the mortgage, holding constant the net effect of other influences on
mortgage default. The baseline hazard eventually declines, however. For 0 < # < 1, the

baseline hazard decreases with duration throughout.

We emphasize that the slope and shape of the baseline hazard measure corresponding
movements in the conditional default probability while holding fired the net effect of other
mortgage default factors for which the model explicitly controls. Some of these factors—
e.g., the remaining principal balance—will necessarily vary over the course of the mortgage.
Unless offset by changes in other covariates, the net effect of these measured factors will
change over the course of a loan. Thus, even on average we expect actual default behavior
to deviate from that given by the baseline hazard. Although the baseline hazard should
not therefore be viewed as representing typical default probabilities, it can legitimately be
viewed as capturing the effects of loan duration per se on the conditional probability of

default.

Building all of the above-mentioned features into the estimation procedure, we arrive at

WESML estimates by maximizing the following quasi-likelihood:

In L(B) = Zw.-(d; In(A(m;) — A(m2)) + (1 — di) ln A(%))). 9)

where w; is the weight attached to observation ¢ (the ratio of the population share to the

sample share with the same outcome), and where the survivor function for individual i,

11t would be of interest to entertain the more general forms of duration dependence (e.g., the Box-Cox

style transformations suggested by Flinn and Heckman [1980]), but these must be numerically integrated,
adding substantially to the expense of estimation.
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evaluated at time t, is
m=M
A(t) = exp { = 3 exp(XnB)lla(l + 9(m/12)%) ~ In(1 + o((m - 1)/12)%1}

where time ¢t contains M monthly intervals, and X,,; is the value of the vector of observables

for individual ¢ during month m.
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III. THE NATURE OF THE SAMPLE AND THE SETTING

The empirical work to follow is based upon data on individual FHA-insured loans. These
data reside in hardcopy form in casebinders maintained at HUD headquarters. To automate
the hardcopy data we utilized the existing automated A43 data files maintained at HUD
to select a sample of loans meeting the criteria discussed below. For this sample of loans,
Westat coded and entered the data extracted from the individual casbinders. Analysis files
were produced by merging the casebinder data with portions of the automated data that

were already available.

The original sample design called for standard FHA-insured mortgages originating in
two HUD field offices—Denver and San Antonio—during 1982 and 1985/86. More pre-
cisely, the sample was restricted to 30-year, level-payment, non-coinsured mortgages for
single-family dwellings located in the largest SMSAs serviced by each of the two offices,
and having a loan amortization start date in 1982 (for the first part of the observation
interval), or from January 1, 1985, through July 31, 1986, inclusive (for the second part
of the observation interval).?? Loan-to-value ratios were restricted to lie between 0.6 and
1.2.2  Although limitations of the automated data that were used to select the sam-
ple precluded the elimination of refinancing transactions at the time that the sample was
drawn, refinancing transactions were eliminated when the data were coded from the FHA

casebinders.

To comstruct the strata from which samples were drawn, each case was categorized
according to the office of origination, the time period (1982 or 1985/86), whether the loan

terminated in default by September 30, 1989, and whether the home was “new” or “old.”

22The second ga.rt of the observation interval stops in mid-year in an attempt to avoid sales transactions
taking place under the revised HUD rules that placed restrictions on underwriting and appraisal in the
presence of buydowns.

3Use of the loan-to-value (LTV) ratio, as defined in the HUD automated (A43) data, is a bit problematic
because the definition of the numerator depends on the nature of the loan processor. The financed portion
of the up-front mortgage insurance premium is included in the numerator o? LTV for HUD-proceseed cases,
but is excluded from the numerator for direct endorsement cases.

Default dates are those recorded in the automated (A43) data. As noted above, defaults were oversam-
pled because they were so rare. Note that separation according to default status was based on whether the
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Homes were categorized as “new” if they were new dwellings being sold by a builder, or
were existing but not yet lived-in homes covered by blanket FHA insurance agreements
with builders. Other homes were considered “old” homes. Within each stratum defined by
the office, time period, default status, and new/old status, cases were randomly selected for

inclusion in the sample.

Some of the cases selected for inclusion in the sample turned out to be unusable for a
variety of reasons: incorrect automated data led to including some cases that did not meet
the sample selection criteria; some loans turned out to be refinances; critical forms were
missing from some cases; etc. Indeed, missing forms proved to be a large enough problem for
the 1985/86 Denver cases that coding was suspended for the corresponding strata. Having
been forced to abandon this portion of the sample, we added additional cells for Phoenix
in both 1982 and 1985/86. Table 2 summarizes features of the original cell sizes, the final
sample sizes, and the number of cases that were utilized to reach the ultimate sample for

each stratum.

Utilizing the same criteria that were used to select the sample of FHA-insured loans, but
broadening the time period covered, Figures 1 and 2 demonstrate features of the housing
market in the three sample cities during the ten year period starting in October 1979 and
ending in September 1989. Figure 1 shows the median mortgage interest rate for each city.
Note that interest rates in the first portion of the sample observation interval (1982) were
high by historic standards—reaching levels of about 17 percent—while interest rates were

substantially lower during the 1985/86 period, dipping to about 10 percent.

Not surprisingly, the behavior of FHA loan transactions over this 10-year interval mirrors
the behavior of mortgage interest rates. In particular, as shown in the three panels of Figure
2, the numbers of FHA loan transactions in total and for new homes alone were low in the

early 1980s, when interest rates were high, but rebounded to high levels in the 1985/86

original borrower defaulted. Our major interest was on the characteristics of the home and the homebuyer.
Because such information was not available for those who assumed an already existing loan, loans that were
assumed before a default ultimately occurred were classified as a non-default by the original mortgagor.

- 16 -



TABLE 2
Cell Sizes by Stratum

Default New/Old Original Final Cases
Office Year Occurred? Home Cell Size Sample Used
Denver 82 no old 1,302 174 394
Denver 82 no new 418 187 394
Denver 82 yes old 202 63 131
Denver 82 yes new 96 44 96
San Antonio 82 no old 339 256 339
San Antonio 82 no new 134 102 134
San Antonio 85/86 no old 5,471 296 606
San Antonio 85/86 no new 2,839 264 968
San Antonio 82 yes old 39 33 39
San Antonio 82 yes new 30 23 30
San Antonio 85/86 yes old 714 96 229
San Antonio 85/86 yes new 386 83 249
Phoenix 82 no old 742 226 461
Phoenix 82 no new 284 65 284
Phoenix 85/86 no old 19,012 252 669
Phoenix 85/86 no new 9,507 247 412
Phoenix 82 yes old 130 71 130
Phoenix 82 yes new 51 8 51
Phoenix 85/86 yes old 1,292 83 154
Phoenix 85/86 yes new 658 86 117
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Figure 2
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period as interest rates declined.?’

The relative frequency with which temporary buydowns were a part of the sales trans-
action changed over time and differed across cities as well. The panels of Figure 3 show,
for new and old home sales separately, the fraction of transactions in which a temporary
buydown occurred. Note that buydowns tended to be more common among new home sales
than among old. For new home sales transactions, the periods of substantial buydown ac-
tivity occurred later in Phoenix than in Denver, while San Antonio exhibited three distinct
periods of heavy buydown activity. Among old home sales, buydown activity appears to

have peaked in mid to late 1984 in all three cities.

Table 3 summarizes some of the data contained in the figures above but focuses solely
on the sample periods, 1982 and 1985/86. The first row of the table shows that new
home transactions were about one-quarter to one-third of all FHA loan transactions within
each sample period and city, but they tended to be a larger share of the transactions in San
Antonio than in Phoenix, and lower still in Denver.?® The second row shows that buydowns
were present in a larger share of all FHA transactions in the 1985/86 sample periods than
in 1982. The breakdown by old and new homes, as shown in the third and fourth lines,
illustrates that this increase in the popularity of buydown transactions occurred partly
because of dramatic increases in the share of buydowns among new home transactions; the
share of buydowns among old homes changes little from the 1982 to the 1985/86 sample

periods.

While Table 3 illustrates the potential importance of buydowns in the market by mea-
suring their relative frequency, Table 4 illustrates their importance in another dimension.
Table 4 attempts to give an indication of the monetary significance of the average buydown
by comparing it to average loan discount points. The top two rows of the table express the

buydown amount as a percentage of the sales price of the home, on average, for new and

*Loan transactions are assigned to the month in which amortization began.
*Loan transactions were classified according to the year in which loan amortization began.
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Figure 3
Fraction Having Temporary Buydowns
among FHA-Insured, 30-Year Loans on
Old and New Homes, by Month*
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TABLE 3
FHA Buydowns and New Home Loan Transactions

Phoenix Denver San Antonio
Characteristics of
FHA Loan Originations 1982 1985/86 1982 1982 1985/86
Percent New Homes 27.8 334 25.5 30.3 34.3
Percent Buydowns 6.0 11.6 21.0 11.8 20.6
Among New Homes 7.5 31.5 58.0 29.3 50.9
Among Old Homes 5.5 1.6 8.4 4.2 4.9

Source: Computations based on A43 automated data.

TABLE 4

A Comparison of Buydown Amounts with Loan Discounts

Phoenix Denver San Antonio
Characteristics of

FHA Loan Originations 1982 1985/1986 1982 1982 1985/1986

Buydown Amount as Percent of Sales Price of Home:
Among New Homes

with Buydowns 5.2 5.4 4.7 5.3 5.1
Among Old Homes
with Buydowns 5.0 4.0 4.7 4.7 4.8

Loan Discount Points Paid By Seller as Percent of Sales Price of Home:
Among New Homes with

Loan Discount Points 6.9 5.4 5.6 10.4 7.7
Among Old Homes with
Loan Discount Points 5.6 2.2 5.2 4.0 2.6

Source: Calculations based on sample data coded from FHA case files.

old home buydown transactions separately in each of the sample cities and time periods.
The bottom two rows provide the analogous figures for loan discount points, t.e., discount

points paid by the seller relative to the sales price of the home, on average, among all home
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sales in which the seller paid discount points. Notice that the orders of magnitude are quite
similar. Buydowns, when present, tend to be about five percent of the sales price of the
home, which is the approximate cost of a 3-2-1 buydown.?” There appears to be more
cross-sample variation in loan discount points; differentials between new and old homes are

especially dramatic for the San Antonio samples.

Table 5 carries the investigation one step further by presenting buyer characteristics
and behavior associated with, or perhaps engendered by, the existence of buydowns. Each
number in the body of the table presents, for a particular sample cell, an average value for
those borrowers who used buydowns; the number immediately below (in parentheses) is the
corresponding average in that same sample cell for borrowers who did not use buydowns.
The first pair of rows shows that with only one exception borrowers who used buydowns
were younger on average than those who did not. The second and third pair of rows show
that, with few exceptions, mortgagors who used buydowns tended to have lower incomes
than those who did not, a finding which suggests the use of buydowns to help buyers
qualify for loans. This idea is reinforced in the fourth pair of rows, which illustrates that
despite having lower average incomes, borrowers who used buydowns in their purchase of
old homes tended (with one exception) to buy more expensive homes than buyers who did
not use buydowns. The situation is reversed for purchasers of new homes: sales prices
were, with one exception, lower on average for transactions with buydowns than for those
without. Comparisons of average loan amounts for transactions with and without buydowns
generally follow the same pattern as that of sales prices. There are two exceptions, however:
for new home transactions in 1982 for Denver and in 1985 /86 for San Antonio, average loan
amounts for buydown transactions exceeded those for nonbuydowns even though average

sales prices are higher for the nonbuydown transactions.

27As a matter of terminology, a 3-2-1 buydown effectively lowers the borrower’s mortgage rate by three
percentage points during the first year, by two percentage points during the second year, and by one
gercentage point during the third year. That is, the borrower’s monthly mortgage payments during the

rst year are computed as if the interest rate on the loan were three percentage points below the coupon
rate; payments during the second year are computed as if the interest rate were two percentage points below
the coupon rate; and so forth. The lender always receives payments at the coupon rate, however, because
the buydown escrow makes up the difference.
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Skipping to the last pair of rows in Table 5, we see that in all but two cases a larger
fraction of buydown transactions than of nonbuydown transactions terminated in default
by September 30, 1989. This relationship is consistent with the idea that sales prices
incorporate at least part of the value of any associated temporary buydown, but that the
capitalized value of the buydown can not be recaptured on resale. However, the pattern
of defaults may be reflecting other differences between average buydown and nonbuydown
transactions. As shown in the second to the last pair of rows, the difference between
the mean sales price of the home and the mean loan amount—measured initial equity—is
generally higher for nonbuydown transactions. This difference in itself would tend to lead to
higher default rates among buydown transactions. In addition, lower incomes are coupled
with higher loan amounts for buydown transactions in many of the sample cells, suggesting
that payment-to-income ratios are ultimately higher among the buydown transactions (i.e.,
after buydown termination). To the extent that payment-to-income ratios matter in default
behavior, the observed pattern of defaults may also be partly traceable to these differences

in payment-to-income ratios.

The six panels of Figure 4 contrast graphically the default behavior of buydown and
nonbuydown transactions at various durations. These panels thus permit a glimpse into
the way in which relative default behavior changes as mortgages age. Each panel shows,
among all loans originating in a given month for a particular city and new/old home status,
the (smoothed) fraction of loans ending in default as of September 30, 1989.22 The solid
line illustrates the behavior of loans with buydowns; the dashed line illustrates the default

behavior of loans without buydowns.

Notice that for the pre-1987 period the plot for the buydowns tends generally to lie

above the plot for the nonbuydowns, indicating heavier default activity among the buydown

28More precisely, because these data were extremely volatile, they were smoothed by taking centered
seven-month moving averages of the numerators and the denominators, and then forming the ratio. For
example, to find the plotted point for buydowns in September 1984, we computed the total number of
buydowns in loan transactions for June through December of 1984, and the number among these that
ended in default by September 30, 1989. The ratio of the latter to the former was plotted as the value for
September 1984. Fractions based on denominators of less than 16 were eliminated from the plots.
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Figure 4:

Fraction of 30-Year, FHA-Insured Loans Ending in Defauit as of 9/30/89
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Figure 4, Cont. _
Fraction of 30-Year, FHA-Insured Loans Ending in Default as of 9/30/89 -
by Buydown Status and Month of Loan Origination
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transactions. This difference is especially pronounced for the data on Denver new homes
in panel (c). In contrast, the plots for the late-1987 period onward tend generally to
exhibit somewhat lower default rates for the buydowns than for the nonbuydowns. While
it would be hazardous to read too much into these simple contrasts, they do seem generally
supportive of the ideas discussed earlier. As noted above, theory suggests that default rates
for buydowns should be lower initially but higher eventually than for otherwise comparable
nonbuydowns. While the plots in Figure 4 hold few features constant (month of loan
origination, city, and old/new home status), the general tendency for cumulative default
rates to be higher for buydowns than for nonbuydowns among older mortgages, but to

exhibit the opposite pattern for younger mortgages, seems to support the theory.

Data for the larger FHA market offer additional support to the hypothesis that buydowns
temporarily lower, but ultimately raise, the conditional probability of default. Figure 5 plots
claim rates?® for FHA-insured, 30-year, level-payment mortgages by year of endorsement
and buydown status. Notice that each panel shows the contemporaneous default experience
of a set of loans that originate at (approximately) the same time. (In contrast, the previous
set of plots shows cumulative default experience, as of a fixed date, for loans originating at
various points in time.) The panels in Figure 5 show that in all but two endorsement years
(1986 and 1987), default rates for buydown transactions are lower than for nonbuydown
transactions at low durations; in all cases (other than the 1990 endorsements, for which there
is too limited a period of observation) buydown default rates are above the nonbuydown

default rates at higher durations.

Although many of these simple summaries seem consistent with the theoretical predic-
tions of differential default experience under buydowns, they do not, of course, hold fixed
many of the other default-related aspects of the mortgages at issue. To control for these
other features, we turn to a more systematic way of estimating the impact of buydowns on

default.

?%Claim rates are computed as follows: (the number of claims during the year) <+ (the number of loans
active at the start of the year minus the number of nonclaim terminations during the year).
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Figure 5
Claim Rates by Fiscal Year and Buydown Status
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Figure 5, Cont.
Claim Rates by Fiscal Year and Buydown Status
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Figure 5, Cont.
Claim Rates by Fiscal Year and Buydown Status
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Figure 5, Cont.
Claim Rates by Fiscal Year and Buydown Status

Buydowns Nonbuydowns

J. FY90 Endorsements

Percent
0.4

Fiscal Year

Source: Information supplied by HUD.
- 32 -



IV. SPECIFICATION OF THE EXPLANATORY VARIABLES

The FHA casebinder data that was gathered for this project included details on the sales
and mortgage transaction (selling price, mortgage interest rate, loan balance, etc.) and
on the financial and demographic features of the borrower (income, assets, etc.). Other

information, such as the nature and date of mortgage termination,*

if any, was obtained
from the automated A43 data. Utilizing such data to implement inequality (6) as the basis
for a hazard model is straightforward in some respects. In particular, some variables, such
as the sales price of the house Sy, are observed directly. Others, like the principal balance of
the mortgage P(t), can be computed precisely from knowledge of the terms of the mortgage
and its age. Computation of the value of the mortgage V'(t), however, is a considerably

more complex exercise in option value theory that should in principle account for a host of

future contingencies.

Lacking the basis for making such calculations, we adopt a variant of the approach used
by Foster and Van Order (1984) in which V(t) is computed as the present value of remaining
mortgage payments under the original contract, but at current mortgage rates and with
exogenously given future prepayment behavior. The Foster and Van Order procedure is to
assume that all loans prepay at 40 percent of the remaining term of the loan. In contrast, we
assume probabilistic prepayment according to the empirical annual prepayment probabilities
of FHA loans. More specifically, we estimate the current value V* of the mortgage for an
individual who, at time ¢, has already held a mortgage for duration d:

Ve = J=Z:’:6° fJ-‘P,-. +.(1 - FJ-‘)M,,
(L+1)y4(1 = Fiyy)

j=d+1

where f} and F; are the empirical monthly prepayment probability and cumulative prepay-
ment probability, respectively, at the 7** month for 30-year FHA loans;®* P; is the principal

' 3(‘;'It‘_heldefaullz date recorded in the A43 file is used here as the date of termination for mortgages ending
n default.

31The empirical %re%a.(\.'}ment probabilities for Section 203, 30-year term mort%ges were calculated from
data contained in the D-provided “Survivorship and Decrement Table as of December 31, 1989, Based
on Aggregate Insurance and Termination Experience for Home Mortgages Insured since 1970.”
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balance in month j of the loan; M, is the monthly payment on the individual’s mortgage;
and ¢; is the market interest rate for month ¢. This formulation uses the conditional density
function of prepayment at duration d to evaluate prepayment probabilities in each future
month j over the remaining months of the loan. At each such month, the individual prepays
with probability f7/(1 — Fj,,) and continues to survive (without prepaying) with probabil-
ity (1—F;)/(1 = Fj,,). Utilizing this variant assumes, of course, that the mortgagor treats
his or her anticipated prepayment probabilities as identical to those of the “representative”

FHA borrower.

Notice that when using FHA experience, we discount expected future mortgage pay-
ments (including probabilistic prepayments) at contemporaneous mortgage interest rates,
i;. The latter are obtained by taking the mortgagor’s original coupon rate and adding the
difference between the current mortgage rate and that which prevailed at the time that the

loan began.3?

Notice that we adjust the original coupon rate, rather than use the current
rate directly, to preclude the presumably unrealistic possibility that those who borrow at
above-market rates would immediately prepay to take advantage of lower interest rates. We
assume instead that each individual borrows at the best possible rate at the time of loan

origination, and that differences in contemporaneous mortgage rates across loans reflect

other aspects of the mortgage transaction that are unobservable to us.

The current value of the remaining temporary buydown balance B(¢) is similarly discounted3?

utilizing 27, the original coupon rate plus the difference in mortgage rates from the time the

32The latter difference in interest rates was derived on a monthly basis from Freddie Mac’s survey of
conventional loans. For each month, discount points and mortgage rates were combined into a single
effective interest rate under the assumption that the “typical” loan would prepay in 10 years. For each
month in our observation interval, we computed the effective interest rate as the (monthly) internal rate of
return z that would satisfy the equation

120
1-d=>"m/(1+2)'+B/(1 +2)*°.

t=1

In this expression d is discount points as a fraction of loan value, and m and B are, respectively, the monthly
payment amount and principal balance (after 10 years) on a $1 conventional, 30-year loan at current rates.

33We ignore the influence of possible prepayment behavior in valuing the buydown, but it is very unlikely
that a ]Iparallel treatment of prepayments would matter materially in the construction of this variable.
Virtua ﬁ all buydowns in the data are exhausted within three years, and the empirical FHA prepayment
profile shows a cumulative prepayment probability of less than 10 percent at the three year point.

- 34 -



loan began.

It is worth emphasizing that we ignore possible endogeneity of buydowns within the
default analysis. It seems plausible that individuals with a propensity to default—who
may even plan to default from the outset—would choose mortgage schemes that have lower
initial payments. If so, buydown amounts could pick up direct, causal effects on default, as

well as indirect effects via the buyer’s taste for defaulting.

The deterministic function g(t) in inequality (6) is intended to capture proportionate
growth in house prices. Our empirical measure is the proportionate change in the local
housing price index presented in Haurin, Hendershott, and Kim (1991).3*  Because the
latter index may not adequately measure price changes in the narrower market at issue
here, however, we also use a separate proxy for local housing demand: the number of
monthly FHA loan transactions in the local field office from which the original loan arose.
Use of the latter series can be faulted on the grounds that these data measure activity in
only one portion of the housing market—homes selling with FHA insurance. This narrow
focus may be an advantage, however, if sales activity in the FHA-insured segment of the
market is representative of the local markets in which the observations are located. That
is, swings in FHA activity may better proxy the behavior of the local markets relevant to

the sample observations than would a more broadly based measure of market activity.

We include another proxy—the monthly, national, civilian unemployment rate—that is
subject to multiple interpretations. On the one hand, it may be viewed as a business cycle
proxy that captures effects on local housing markets that are not adequately captured by

the number of sales transactions or the local house price index. On the other hand, it may

34The latter Haurin, Hendershott, and Kim (HHK) price index is annual. We imputed quarterly values by
combining this series with a quarterly National Association of Realtors (NAR) series that gave the median
sales prices of existing single-family homes in the appropriate metropolitan area (National Association of
Realtors [1991]). Using linear regressions of each NAR series on quarterly dummies, we first removed the
seasonality in the NAR data. Quarterly values for the HHK series were imputed by adjusting (multiplying)
the original HHK value for the year by the ratio of the adjusted NAR series for a particular quarter to the
adjusted first quarter value for the same year. The implicit assumption is that the annual HHK series is a
first quarter value, an assumption that seems reasonable given the nature of its construction as described
in HEK. Quarterly values were then assumed to hold for each month of the corresponding quarter.
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also be interpreted as measuring likely adverse changes in mortgagors’ earnings, which could

have an effect on default under an ability-to-pay theory.

The function C(¢) in inequality (6) is supposed to measure miscellaneous costs of default
(as a fraction of house value): transactions costs, damage to one’s credit rating, costs of
moving, etc. These costs are not observed in our data, and we instead assume that such
costs are an approximately constant fraction of house value. The constant of proportionality
will thus be embedded in the intercept term of the estimated hazard model. In some
specifications, we attempt to allow default costs to vary across observations by introducing
proxies that may capture some sources of cost variation: marital status, age, and minority

status.3®

Once again, multiple interpretations are possible, particularly for minority status.
If incomes for whites grow at a different rate than for nonwhites over the observation period,
then this variable may pick up resulting default differentials under an ability-to-pay theory
of default. Alternatively, minority status may pick up differential growth in local housing

demand if there is residential segregation combined with differential growth in housing

demand across these segregated areas.

Finally, in some specifications we include the payment-to-income ratio (PTY) for each
mortgagor, calculated by dividing total monthly housing expenses by net effective monthly
income.?® If this estimate of the prospective initial housing expense burden were a good
predictor of the actual housing expense burden, it might also predict defaults under an
ability-to-pay theory. The inaccuracy of this estimate is likely to increase substantially
as mortgage duration rises, however. Part of the problem is that base period predictions
typically have forecast error variances that increase with distance into the future. The other
part of the problem is that nominal housing expenses change when the buydown subsidy
terminates, if not before, and thus a single housing expense estimate cannot measure actual

expenses at all mortgage durations. The purpose in including PTY in the analysis here is

3%These variables were occasionally missing. When they were, the missing value was replaced with a
mean value computed within the same city and observation interval.

36Monthly housing expenses and net effective income are recorded on the mortgagor’s credit application.
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to see whether that estimate, made at the time of credit application, has any predictive

power after controlling for the remaining factors affecting default.

Tablie 6 provides additional detaiis on the independent variables included in one or more
of the empirical specifications and gives the abbreviations utilized in subsequent tables.
Simple summary statistics for these variables are presented in Table 7. In general, variables
describing financial aspects of the transaction were obtained from the settlement statement,
while variables describing the mortgagor were obtained from the mortgage application. The
major exceptions, aside from those already discussed, are the information on the amount and
timing of buydown payments, which was obtained from the buydown or escrow agreement;
the initial mortgage amount and the mortgage interest rate, which were obtained from the
mortgage note or deed of trust;*” and the national unemployment rate, which was obtained

from published sources.

37'I&he number of loan transactions in the city (see LNTRANS) was obtained from the HUD automated
A43 data.
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TABLE 6

Definitions and Abbreviations of Variables Used in Estimation

Variable
Abbreviation

Variable Definition

LNPRICE
BRATIO

DRATIO
LOGMIN

VBSHARE

LNHPIND
LNTRANS
CYCDIF

MARSTAT
MINORITY
AGE
AGESQ
PTY

Log of the sales price of the home (In ;)

The present discounted value of the monthly buydown payments, as of the
date of sale, divided by the sales price of the home(B(0)/S0)

Discount points paid by the seller divided by the sales price of the home

An estimate of In min(V/(t), P(t)), log of the minimum of the current princi-
pal balance (P(t)) and the current value of the mortgage (V' (t)), where the
latter is computed using empirical FHA prepayment probabilities

An estimate of B(t)/ min(V(t), P(t)), the present value of remaining buy-
down payments B(t) divided by the minimum of the current principal bal-
ance P(t) and the current value of the mortgage V(t). The value of the
mortgage is computed using empirical FHA prepayment probabilities.

The log of the ratio of the current housing price index to that at the time
that the loan began.

The log of the ratio of current monthly loan transactions (in that city) to
monthly transactions when the loan began.

The current national civilian unemployment rate minus the national civilian
unemployment rate in the month in which the loan began.

Indicator variable for marital status = 1 if married, 0 otherwise

Indicator variable =1 if race/ethnicity is white, non-Hispanic; 0 otherwise
Age of mortgagor (in years) at the time of mortgage application

The square of AGE.

The ratio of total monthly housing expenses to net effective monthly income.
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V. EMPIRICAL FINDINGS

The development of the empirical model above implies constraints on various components
of the coefficient vector 3. In particular, according to inequality (6), the coefficients on
the variables In Sy (LNPRICE), g(t) (LNHPIND), and B(t)/ min(V(¢), P(t)) (VBSHARE)
should be equal in magnitude and opposite in sign to the coefficient on In min(V(¢), P(¢))
(LOGMIN).*® However, the relationship between these coefficients and that on B(0)/So
(BRATIO) depends on the magnitude of the unknown capitalization rate 539

Imposing these constraints in the course of estimation would increase efficiency if, in fact,
the constraints are valid. The validity of the constraints involved here, however, presumes
the correctness of the underlying theoretical model, the completeness of the variable list,
and the absence of measurement error in the variables. In the first instance, the theoretical
constraints may not hold because the theory may not be a sufficiently accurate description
of reality. Moreover, while a correct theoretical structure would imply the validity of con-
straints between a complete set of ideally measured variables, the set of variables used here
is incomplete, and measurement may in some cases be far from ideal. If so, the theoretically
appropriate constraints may not hold because they are invalid when applied to the set of
variables as measured in practice. Iﬁdeed, given the nature of variable construction in the
instant case, there seem likely to be large differences in the extent of measurement error

across the different variables.

To see how these considerations apply, first note that the sales price used in construct-
ing LNPRICE is observed directly and is likely to be very precisely measured. On the
other hand, the V(¢) component of LOGMIN is only estimated—perhaps crudely—thus
suggesting the possibility of a large measurement error component. In addition, the rela-

tionship between LNPRICE and LOGMIN depends on the validity of the underlying option

33Constraints on the coefficient on In(1 + C(t)) in inequality (6) are irrelevant because this variable is
only proxied in the empirical work.

39Similarly, the coefficient on DRATIO depends on the extent to which discount points are capitalized
into sales prices.
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value theory, which may or may not capture the essential elements of default behavior.
VBSHARE also relies on these same calculations, as well as on the correct choice of the in-
terest rate used in computing the present value of buydown payments. Moreover, its link to
LNPRICE again depends on the adequacy of the option-value framework as embodied Lere.
The variable LNHPIND relies on the relevance of the HHK house price index; LNHPIND
could be in error because the underlying series is only estimated and because the series may
or may not be applicable to the section of the housing market at issue here. Measurement
of BRATIO relies on the choice of the interest rate. Moreover, the theoretical link between
BRATIO and the other variables depends on the unknown capitalization rate. A major
purpose of this exercise is to estimate this capitalization rate; imposing a value on prior

grounds would be entirely inappropriate.

Measurement error is thus likely to arise in different ways and to occur in varying degrees
in the different variables. In addition, the theoretical linkages among variables may or may
not be correct, and in any case these linkages are testable implications*® of the theory
that need not be imposed on prior grounds, given that the model is overidentified. Because
imposing constraints when they are invalid may do more harm than good, and because
imposing valid constraints will only improve efficiency, we begin by estimating the model in

41

unconstrained form.*! Appendix B presents additional results in which selected constraints

are imposed in estimation.

Tables 8-12 present the empirical hazard models for the five samples separated according
to city and time period.*? The inequality restrictions on the values of the parameters in
the baseline hazard are more easily imposed by transforming the basic parameters into a

new set of coefficients that will automatically embody the necessary constraints. For this

40Testability assumes away the measurement error problem.

‘“Although we hope, for example, to estimate the price effect (coefficient on LNPRICE) more precisely
by not linking it to potentially more error-ridden variables like LNHPIND, the reasoning is admittedly
informal. Error in an variabf; presumably affects the quasi-likelihood estimates of all coefficients, and
there is no guarantee that we do better (in any sense) by not contaminating better measured variables with
constraints to poorly measured variables.

42Corresponding estimates for various pooled samples—within Phoenix, within San Antonio, and
overall—are presented in Appendix A.
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reason, the likelihood function is respecified and maximized in terms of the transformed

parameters. The reported results reflect this transformation: we report In¢ (LOGPHI)

and In § (LOGTHETA) rather than ¢ and 8.

Each table contains estimates from three specifications. The second specification in-
cludes all variables that are in the first specification, but also includes the demographic
variables age (and its square), marital status, and minority status. The third specification
drops the demographic variables but adds the estimated initial payment-to-income ratio
PTY. As can be seen from these tables, the estimates that are most critical to this study—
those on the variables LNPRICE, BRATIO, VBSHARE, and LOGMIN in particular—are
fairly insensitive to the choice of specification. Indeed, even when using a broader array
of possible specifications than those presented here, these most important estimates are

generally very robust.

Consider first the variable LNPRICE. As expected, higher initial sales prices lead to
lower default hazard rates, holding constant the amount borrowed (as reflected in LOG-
MIN) and the remaining explanatory variables. This downward impact on the conditional

probability of default is generally measured with substantial precision.

The effect of a buydown on default rates*® is, as predicted, twofold. The first impact
occurs if the buydown is capitalized into the sales price of the home, but the capitalized
value cannot be recaptured if the home is resold. Under these circumstances the buydown
should positively affect default rates. The finding of a positive coefficient on BRATIO
confirms this effect in four of the five samples. The size of this capitalization effect cannot
be judged against an external standard, however, but only by comparison with the effect
of selling price itself, as measured by the coefficient on LNPRICE. That is, if the full
capitalized value of the buydown is reflected in the selling price of the home but cannot

effectively be recaptured upon resale, this will be revealed in default behavior by a response

“3In this section we use the terms default rate, default probability, and default hazard interchangeably
to refer to the conditional probability of default at a particular time, given survival to that point in time.
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to BRATIO that is equal in magnitude and opposite in sign to the effect of LNPRICE.%
Correspondingly, a coefficient on BRATIO that is larger in magnitude but opposite in sign
to the coefficient on LNPRICE implies greater than full capitalization; in parallel fashion,
a BRATIO effect that is smaller in magnitude but opposite in sign implies less than full

capitalization.

Measuring the implied capitalization effect as the ratio of the coefficient on BRATIO
to that on LNPRICE, we find that the estimated capitalization effects are close to one for
three of the samples: a value of 1.16 for Phoenix in 1985/86, 0.94 for Denver in 1982,
and 1.15 for San Antonio in 1985/86. The implied capitalization rate in the San Antonio
1982 sample is 2.38, and it is of the wrong sign in the Phoenix 1982 sample. Although the
point estimates suggest at least some variation in capitalization rates across samples, the
implied estimates are, of course, subject to sampling error. While the correct (asymptotic)
standard errors for coefficient ratios are difficult to compute, making it difficult to assess
directly the statistical significance of differences in implied capitalization effects, the case of
full capitalization is an especially useful benchmark against which to test. Utilizing the first
specification in each sample, a test of whether the coefficient on BRATIO is identical to that
on LNPRICE is never rejected at standard significance levels.*> Hence, in none of these
samples can we reject a capitalization rate of 1.6 In their default responses, mortgagors

act as if temporary buydowns are fully capitalized into the sales prices of homes.

“4That is, the coefficient on LNPRICE is an estimate of 3y in inequality (6) above; call this estimate
Bo. Similarly, the coefficient on BRATIO is an estimate of v, say iﬂ"' The ratio of these two coefficient
estimates is a consistent estimate of the capitalization rate v, ¥ = y5o/ 5.

45A standard procedure to test constraints in a maximum likelihood setting is the likelihood ratio test.
To our knowledge, however, the validity of such tests has not been established for the quasi-likelihood
procedure utilized here. For this reason, tests were instead conducted by re lacing the LNPRICE variable
with LNPRICE—BRATIO, and leaving all other variables unchanged. Under the null hgothesis that
LNPRICE and BRATIO have numerically equal but opposite effects on default, the coefficient on the
composite variable LNPRICE—BRATIO should pick up both default effects, and the coefficient on BRATIO
alone should be zero. In all cases the asymptotic normal statistic on BRATIO are insignificantly different
from zero at standard significance levels. The asymptotic normal statistics are as follows: -1.04 for Phoenix
1982, 0.56 for Phoenix 1985/86, -0.10 for Denver 1982, 1.25 for San Antonio 1982, and 0.20 for San Antonio
1985/86. We note that standard significance levels may not provide an appropriate reference (foint for these
and similar tests described later in this section. The problem is that these tests essentially demand strong
evidence against the null hypothesis (that a constraint holds) in order to reject it.

46 Appendix B presents some estimates in which we impose the constraint of a unitary capitalization rate.
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The second impact of a temporary buydown occurs via the effective reduction in monthly
mortgage payments during time over which the buydown escrow is disbursed to the mortgage
lender. Since the remaining escrow balance reduces ihe payment burden but is sacrificed 1n
the event of default, a larger remaining buydown balance should reduce default probabilities.
As shown by the negative estimated effect of VBSHARE, this theoretical prediction is borne

out in each of the samples and specifications.

The latter effect of a buydown on default is conceptually distinct from the first (cap-
italization) effect in that, as a theoretical matter, each effect can exist independently of
the other. The theoretical development above implies, however, that the coefficient on VB-
SHARE should be the same as on LNPRICE, but the point estimates of the VBSHARE
coefficient in Tables 8-12 often appear to be substantially larger than the corresponding
LNPRICE coefficient. Testing for equality of effects in the first specification for each sam-

ple, we find that equality is rejected at conventional significance levels in only one case

(Phoenix 1985/86).47

Although the estimated VBSHARE effects are generally not statistically significantly
different from the estimated effect of LNPRICE, the point estimates sometimes appear to
be much larger (in absolute value), and this feature merits discussion. One possibility is that
VBSHARE picks up other time-covarying effects not successfully captured by the remaining
variables. For example, as discussed below, the variables designed to pick up changes in the
housing market often seem to perform poorly, leaving open the possibility that VBSHARE
happens to be spuriously correlated with the true but unobserved changes in local housing
demand. Two factors seem to mitigate against such an explanation. First, the estimated
VBSHARE effect is large even in samples in which one or more of the housing market

demand variables do seem to work well, e.g., in the Denver 1982 sample. Second, the large

4"These tests were geﬁormd in manner analogous those employed in testing for equality between the
coefficients on LNPRICE and BRATIO: we replaced LNPRICE with the variable LNPRICE + VBSHARE,
and retained all of the remaining variables. The asirm totic normal statistics on VBSHARE alone are as
follows: 0.27 for Phoenix 1982, -3.05 for Phoenix 985/86, -1.42 for Denver 1982, -0.99 for San Antonio

1982, and -0.14 for San Antonio 1985/86. Appendix B presents some estimates in which the VBSHARE
response, among others, is constrained.
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estimated VBSHARE effects occur in samples that are in different cities and different time
periods, a feature that renders less plausible an explanation based on spurious correlation

with an omitted market demand variable.

An alternative explanation is that the VBSHARE variable is picking up differences in
default tendencies between buydown and nonbuydown buyers that would exist even in the
absence of buydowns. Under this theory, individuals self-sort by choosing to use or not
to use a buydown. Perhaps those who choose buydowns would have a more rapidly rising
default profile even in the absence of their buydown activity. While the latter effect could
operate even if borrowers do not choose to use buydowns with an eye towards eventual
default, the additional possibility that some borrowers may use a buydown in anticipation
of default cannot be completely dismissed. Such behavior may be reflected in initially lower
default rates that rise as the buydown subsidy vanishes; such effects will in turn be captured
in the coefficients on VBSHARE and BRATIO. It is important to recognize, however, that
the effects of self-sorting and possible “gaming” of the system are legitimately part of the
buydown effect, as long as the purpose of the analysis is to contrast actual behavior under
buydown and nonbuydown transactions. If instead, the purpose of the analysis is to ask
how a randomly selected buyer would behave if forced to accept or not to accept a buydown,

then these added effects of self-sorting and “gaming” the system should be omitted.

These caveats aside, taking the point estimates of the coefficients on BRATIO and
VBSHARE together permits us to examine the full effect of buydowns on default. Assuming
that the amount borrowed is less than the sales price of the home, the implied default hazard
for buydowns necessarily starts out below that of nonbuydowns but, in the typical case, later
overtakes and exceeds the nonbuydown hazard, other things the same. To see this, note
that the denominator of the VBSHARE variable is the minimum of the principal balance
and the value of the mortgage, and this minimum must initially be less than the sales price
of the home, which is the denominator of BRATIO. In addition the coefficient estimate
on VBSHARE is larger in absolute value than the coefficient estimate on BRATIO. Thus,
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at least initially, the downward push on the default rate from the VBSHARE effect must
dominate the upward push on the default rate from the BRATIO effect, resulting in a lower
initial default rate for buydowns, other things the same. When the buydown is used up,
however, VBSHARE goes to zero, and from this point forward only the positive effect of
BRATIO on defaults remains.*®* Thus, at least by the time that the buydown payments are
exhausted, contemporaneous default rates must be higher for buydown transactions than

for otherwise identical nonbuydown transactions.

The variable LOGMIN measures the effect on default of the minimum of the principal
balance and value of the remaining mortgage payments. Holding constant the price of the
home and the remaining explanatory variables, we expect to find the LOGMIN variable
positively related to default. Moreover, the theoretical development above, which is based
on an option value approach to default behavior, predicts that the coefficients on LOGMIN
and LNPRICE should be identical in magnitude but opposite in sign. The results in Tables
8-12 show a remarkable degree of similarity between the absolute values of the LNPRICE
and LOGMIN coefficients. With only one exception (Phoenix 1985/86), statistical tests
also fail to reject the hypothesis that these effects are equal in absolute value but opposite

in sign.®

The coeflicients on the remaining variables tend to vary more substantially across spec-
ifications. The coefficient on LNHPIND should be negative if it accurately measures the
proportionate change over time in house prices in the markets at issue. The fact that the
coefficient is often of the wrong (positive) sign may indicate that more narrowly defined mar-
kets in which the sample homes are embedded behave differently than the wider markets
over which the price indices are measured. Alternative measures of price movements—

the monthly national consumer price index or the median sales price of homes sold in the

43This discussion ignores the anomalous findings for the BRATIO effect in the Phoenix 1982 sample.

45Performing tests like those described earlier, but now replacing LNPRICE with LNPRICE—LOGMIN,
we find the following asymptotic normal statistics on LOGMIN: -0.68 for Phoenix 1982, -2.26 for Phoenix
1985/86, -0.05 for Denver 1982, -0.78 for San Antonio 1982, and 0.17 for San Antonio 1985/86. Appendix
B presents estimates in which the coefficient on LOGMIN is constrained to be equal in magnitude but
opposite in sign to that on LNPRICE; these estimates differ little from those in Tables 8-12.
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metropolitan area (as measured by the National Association of Realtors)—failed to perform

any better.

The positive coefficient on the variable CYCDIF in most specifications shows that default
probabilities rise as the national unemployment rate increases. One interpretation is that
increases in the national unemployment rate are negatively related to mortgagors’ incomes,
perhaps especially so for the FHA-insured mortgages at issue here. Under an ability-to-pay
theory of mortgage default, downward movements (or less rapid upward movements) in
income are translated into increased default activity. An alternative interpretation—one
more in keeping with the option-based default theory underlying the development here—
is that increases in the national unemployment rate are associated with lower levels of
housing demand, and these effects may be especially important in the local markets in
which the sample homes are located. Under this interpretation, increases in the national
unemployment rate are reflected in effectively reduced home sales prices, and the extent
of the reduction is not fully captured in the LNHPIND variable; the result is an increased
incentive to default picked up in the CYCDIF coefficient.

To the extent that discount points act like temporary buydowns, in the sense that they
may be capitalized into house prices but cannot be recaptured upon resale, one expects to
find DRATIO to have a positive impact on default probabilities. Only in the San Antonio
1982 sample do we see any real evidence of this effect. There the implied capitalization rate

is close to unity.

As a measure of local housing demand, LNTRANS generally does not perform well, often
having the unexpected (positive) sign.*® One possibility is that the level of FHA-insured
lending activity has a different meaning in different markets because of differences in the
characteristics of the borrowers generally served by FHA in these markets. In markets in

which FHA-insured loans are utilized more heavily at the upper end of the market, increased

50Replacing LNTRANS with an alternative housing demand proxy—the change in the number of housing
permits issued per month—failed to offer any improvement. Quarterly time series on housing starts and on
authorizations were also available over the full time period in Phoenix. These series performed no better
than LNTRANS in the Phoenix samples.
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FHA activity may indicate a generally stronger housing market. In markets in which FHA
generally services only the low end of the market, increased FHA activity may in part reflect

buyers’ substitution of lower-priced for higher-priced homes.

The second of the three specifications in Tables 8-12 introduces demographic character-
istics of mortgagors. The sign patterns on most of these coefficients tend to vary across the
samples, and coeflicients are typically measured with little precision. The onlv parameter
that has the same sign in all specifications is minority status. The coefficient estimate on
MINORITY indicates that white nonhispanics have lower default probabilities, other things
the same, but in only one case (San Antonio 1985/86) is this effect significantly different
from zero at conventional levels. As discussed earlier, this default response could indicate
differential income growth between white nonhispanics and others, or it may indicate dif-
ferences in the growth of housing demand between areas populated by white nonhispanics

and areas populated by other ethnic groups.

The variables AGE and AGESQ were introduced to permit default probabilities to vary
with age in a nonmonotonic fashion.®®  Sign patterns vary across the samples, and only
for the Phoenix 1985/86 sample are effects measured with reasonable precision. In that
specification, default probabilities are estimated to decline with age until about age 39,

after which default probabilities rise with age.

The use of PTY in the third specification is an attempt to control directly for initial
ability to pay. Although the effect is positive in all but one sample (Phoenix 1982), the
estimated impact is quite small and is never statistically significantly different from zero.
One can question whether the PTY variable, which is constructed from estimates made
at the time of credit application, is an accurate measure of even the initial payment-to-
income ratio. As discussed above, moreover, the initial payment-to-income ratio is unlikely

to be a good predictor of subsequent payment-to-income ratios, particularly for buydown

S1Specifications usinf AGE alone showed, in four of the five samples, a very weak and imarrecisely mea-
sm:d increase in default probabilities with age. In the remaining sample the effect of AGE alone was weak
and negative.
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transactions.>?

The transformed coefficients, LOGPHI and LOGTHETA, are of interest because they
indicate the shape of the baseline hazard. A value of LOGTHETA greater than zero (§ >
1) indicates that the baseline hazard rises with duration until it peaks out at duration
d = ( ‘9—;—1—)1/ %: subsequently the baseline hazard declines with duration. Since all values
of LOGTHETA exceed zero, baseline hazards are estimated to increase with duration for
each sample. In many cases, however, the estimates imply that the peak in the baseline
hazard would occur well beyond the 30-year mortgage duration. For the first specification,
the peak in the baseline occurs at about 2.7 years for the Phoenix 1985/86 sample and at
about 2.6 years for the San Antonio 1985/86 sample; in the remaining samples the peak is

estimated to occur well beyond the 30-year mark.

Two points are noteworthy in interpreting the latter findings regarding the baseline
hazard. First, the use of the log logistic baseline hazard requires the data to estimate
two parameters that determine the shape of the hazard. As revealed by the fact that we
generally find only one of these two parameters estimated with reasonable precision in a
given sample, the data have difficulty in successfully distinguishing the shape of the hazard.
This observation is perhaps not surprising, given that we employ a relatively small amount of
data and a very limited observation period over which to estimate a two-parameter family.
For the only case in which the data support fairly precise estimates of both parameters
(in the first specification)—the San Antonio 1985/86 sample—we do obtain the traditional

hump in the baseline hazard at a seemingly reasonable time.

The second point is that the baseline hazard shows how default probabilities (conditional
on survival) vary with duration if all other control variables are held constant. In contrast,
standard plots of claim rates with duration, as conventionally computed, do not attempt to

hold fixed other factors that may influence default. Indeed, even if nothing else varies with

b "]’:’qu this reason, findings here should not be taken as rejection of an ability-to-pay theory of default
ehavior.
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mortgage duration, principal balances of individual fixed-rate mortgages must decline with
age, and this effect by itself would lead to declining default rates with duration. Naturally,
other causal factors will also typically vary over time, and there can be no claim that an
empirical default profile that tracks actual aggregate experience should look like a baseline

hazard that attempts to hold constant various factors affecting default.

To display graphically how buydowns affect default, we plot estimated default profiles
separately for buydown and nonbuydown transactions. For each month of mortgage du-
ration in each sample, we first compute the average values of all explanatory variables by
buydown status. Next, we calculate the estimated hazard rates implied by the first spec-
ification in Tables 8-12. Figure 6 graphs the resulting hazards by month for each of the
samples. Note that the buydown and nonbuydown profiles may differ for two reasons. First,
the variables BRATIO and VBSHARE are necessarily zero for nonbuydown transactions,
and thus differences in these critical variables cause differences in the resulting hazard rates.
Secondly, however, buydowns and nonbuydowns differ on average in their values of other
variables, and these differences are also reflected in the estimated profiles. Since this sec-
ond source of difference between buydowns and nonbuydowns is of subsidiary interest, we
have produced a third default profile—denoted “Mixed”—that utilizes average values of
explanatory variables among those with buydowns, except that BRATIO and VBSHARE
are set to zero. Comparing this profile to the default profile for the buydown sample reve: 1=
differences due solely to the presence of BRATIO and VBSHARE, i.e., due solely to tic
presence of buydowns and not to variation arising from other differences between average

buydown and nonbuydown transactions.

With the exception of the Phoenix 1982 sample, in which BRATIO has a perverse
estimated impact on default, the plots show the expected pattern of initially lower but
ultimately higher default hazards under buydowns. While the lower hazard rates at short
durations are difficult to discern in some samples, they show up very clearly in others, e.g.,

in Denver 1982, especially when contrasting the buydown profile and the mixed profile.
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Figure 6
Estimated Hazard Rates by Loan Duration
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VI. INTERPRETATION AND RECONCILIATION OF FINDINGS

The empirical estimates of the effects of buydowns on default probabilities generally conform
to theoretical predictions and seem reasonable. As expected, buydowns tend to lower default
probabilities temporarily, but this effect is reversed by the time that the buydown subsidy
ends. The implied rates of capitalization of buydowns into selling prices of homes are also

generally reasonable when considered in isolation.

Differences do appear, however, when comparing implied capitalization rates derived
here, which often exceed 100 percent, with the estimates obtained for these same samples
in the first part of this study. (See Cotterman [1992].) Those estimates, obtained from he-
donic regressions of sales prices on house characteristics and the present value of buydown
payments, generally indicate capitalization rates of about 50 to 75 percent. Although varia-
tion in results across studies may not be at all surprising, given the very different statistical

methodologies that are employed, the differences merit discussion.

The first point to note is that despite the differences in the point estimates of the cap-
italization rate, there is common ground. All of these estimates are subject to sampling
error, and the estimates from the hedonic regressions in the first part of this study are
often measured fairly imprecisely. To illustrate the importance of sampling variation, we
note that capitalization estimates from the arithmetic hedonic price regressions differ sig-
nificantly from 100 percent in only one case (Phoenix 1982), and in that case the estimated
impact exceeds 100 percent. As noted above, the implied capitalization rates from the es-
timated default hazards in this part of the study are never significantly different from 100
percent. Thus, while point estimates of the capitalization rate tend to be lower in the he-
donic regressions than in the default hazards, the sampling distributions have large enough

variances to overlap substantially.

The differences in estimated capitalization rates that we do obtain may be partly trace-

able to statistical biases. As noted in Cotterman (1992), capitalization effects estimated
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via hedonic regressions may well be downward biased because of omitted variables. We
lack sufficient controls for house quality and strength of the housing market, and it seems

especially likely that buydowns are more prevalent in a slow market.

The same kind of bias seems much less likely to affect the implied capitalization rate
in the estimated default hazards, for here we control directly for sales price in asking how
buydowns affect default probabilities. There may well be an upward bias in the estimated
impact of buydowns on default arising from another source, however. As noted above,
buyers utilizing buydowns may be more likely to default even in the absence of buydowns.
Such differences are properly reflected in estimated buydown impacts when the purpose is to
predict differential default behavior of those who do or do not choose to use buydowns, and
for such purposes there is no bias. Implied capitalization rates, however, are biased upwards:
only part of the increased default activity under buydowns reflects capitalization of the
buydown. The rest reflects a differential tendency to default among those using buydowns,

and this behavior cannot be distinguished empirically from implicit capitalization.

In view of the possible biases in the two approaches to estimating capitalization of
buydowns, choosing a middle ground is reasonable. A capitalization rate of 100 percent, for
example, lies somewhat above the typical estimates achieved via hedonic price regressions
and somewhat below the typical point estimates derived from the default models, and
this rate is generally not rejected by either set of models. For purposes of evaluating the
likelihood of default, however, one is justified in relying solely on the estimated default

models presented above.
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VII. SIMULATIONS

In this section we use the empirical hazard models to trace out the expected cumulative
default rate for “representative” homebuyers in each sample utilizing various buydown pat-
terns in each of four specific economic scenarios. These scenarios are chosen to highlight
the special importance of house price changes for default behavior in the presence of buy-
downs. Each economic scenario consists of an assumption regarding changes in house prices
and in unemployment rates subsequent to loan origination. As a shorthand, we label the
four scenarios “Recession,” “Stagnation,” “Mild Expansion,” and “Vigorous Expansion.”
Although we have in mind local house price and business cycle scenarios, we cannot distin-

guish between local and national cycles within the structure of this model.

Table 13 summarizes the assumptions underlying each economic scenario. The critical
differences across scenarios occur in the first five years; the subsequent two years (years
six and seven) show adjustment to a long run trend that is realized in the eighth year and
beyond. The assumed long run trend for changes in house prices, realized by the eighth
year in all simulations, is annual growth at the rate of three percent.>® By the start
of the eighth year, unemployment rates are assumed to have adjusted to a long run level
of 5.2 percent. Because the 1982 unemployment rate of 9.7 percent was far higher than
the 7.2 percent level experienced in 1985, and because initia] conditions are reflected in
the estimated hazard models for the different samples, we assume different annual changes
in unemployment rates for simulations based on 1982 loan samples than for the 1985/86-
based simulations.54 Nonetheless, all assumed unemployment rate changes generate an
unemployment rate of 5.2 percent for the eighth simulation year; unemployment rates are

assumed to remain constant thereafter.

The four economic scenarios may be briefly described as follows. The recession scenario

assumes sharp declines of six percent in house prices for each of the first two years, followed

53All changes in house prices are assumed to occur with monthly compounding at the stated annual rate.
$4Constant changes in unemployment rates are assumed to occur in each month of the indicated year.
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by a three-year period of leveling and a subsequent upswing to attain a long-term growth
rate of three percent per annum. Unemployment rates are assumed to remain high (for
the 1982 loan starts) or to grow initially (for the 1985/86 starts). Starting in the third
simulation year, unemployment rates are assumed to fall rapidly for three years and then

more gradually for the following two years.

The stagnation scenario assumes no house price growth for five years, followed by a
gradual upward trend to achieve the long run rate of three percent annual growth. Un-
employment rates are assumed to fall slightly in each year when the recessionary year of
1982 is used as the starting point; unemployment rates are assumed to be initially constant
when the 1985/86 loan starts are used. For both starting points, unemployment rates are

assumed to decline more steeply in the sixth and seventh years.

The mild expansion scenario assumes that house price growth initially occurs at a rate
of 3.5 percent per year—somewhat above the assumed long-run growth rate—and then falls
to the long-run rate of three percent by the sixth year. Unemployment rates are assumed
to decline substantially over the initial five years for the 1982 loan starts, with somewhat

smaller unemployment rate declines characterizing the 1985/86 starts.

The vigorous expansion scenario assumes five percent growth in house prices for each of
the first five years, falling to normal by the eighth year. Unemployment rates are assumed
to fall substantially for both 1982 and 1985/86 starts, though more dramatically in the
former. The initial decline in unemployment rates is assumed to be so large that a small
upward adjustment of one-half percentage point is obtained in both the sixth and seventh

simulation years.

For each of the four different economic scenarios, we investigate expected default behav-
ior under four different buydown patterns: no buydown, a 2-1 buydown, a 3-2-1 buydown,
and a 5-3-1 buydown. Because one potential reason for the existence of buydowns is to

permit borrowers to obtain larger loans than they would be able to obtain in the absence
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of buydowns, we assume that larger buydowns are in fact used to support larger loans and
the purchase of higher priced homes. Specifically, we begin with the mean loan amount
for buydown purchasers in each of our samples. Since a 3-2-1 buydown appears to have
been the predominant buydown pattern in our data, we assume that the mean loan amount
observed in each sample corresponds to a 3-2-1 buydown, and that our “representative”
buyers would meet minimum income qualification standards for a loan at that buydown

rate.

When using other buydown assumptions—no buydown or 2-1 or 5-3-1 buydowns—we
modify the loan amount so that our representative borrowers again meet minimum payment-
to-income standards (based on mortgage payments in the first year of the loan). These
computations involve calculation of loan amounts under each buydown scenario and thus
require an assumption regarding mortgage rates. We use the mean coupon rate for each

sample of buydowns.

To establish a house price for representative borrowers, we calculate the maximum house
price that could be purchased with a minimal downpayment and the maximal loan amount,
where the latter is calculated as described above. The minimum downpayment is computed
as three percent of the first $25,000 of the sum of selling price and closing costs, plus five
percent of the excess over $25,000. Closing costs are assumed to be 2.5 percent of the
selling price. Table 14 summarizes the initial mortgage amounts, home sales prices, and
other features of the representative borrowers whose default behavior is examined in the

simulations.

For all scenarios we assume that interest rates start at the average coupon rate among
buydown borrowers in each sample, and then remains fixed for the next 30 years. The
assumption of unchanging interest rates helps minimize the importance of prepayment be- .
havior, which lies outside scope of the estimated model. The ratio of seller-paid discount
points to the sales price of the home (DRATIO) is set to the sample mean for buydown bor-
rowers in each sample. (See Table 14.) The variable LNTRANS, whose estimated coefficient
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Assumed Starting Values for Simulations

TABLE 14

City and Time of Loan Origination

Phoenix Phoenix Denver San Antonio San Antonio
1982 1982/86 1982 1982 1985/86

Coupon Rate 14.2 114 14.1 14.9 9.9
DRATIO 0.056 0.030 0.024 0.088 0.059
Buydown Case Loan Amount

No Buydown 50566 56651 55127 41692 51624

2-1 Buydown 58155 66784 63451 47692 61809

3-2-1 Buydown 62757 73072 68503 51311 68210

5-3-1 Buydown 74128 88998 80996 60199 84645
Buydown Case Sales Price

No Buydown 51415 57665 56100 42303 52503

2-1 Buydown 59209 68071 64648 48464 62962

3-2-1 Buydown 63935 74528 69836 52181 69535

5-3-1 Buydown 75613 90884 82666 61308 86413

is often of the wrong sign, is set to zero.

To estimate the cumulative default rate at different durations, we utilize the first speci-

fication reported in Tables 8-12, with one exception. To account for the impact of changes

in house prices we utilize the estimated coefficient on LNPRICE rather than the coefficient

on LNHPIND. In principle, these two coefficients should be equal. Inequality in the esti-

mates may reflect substantial error in the underlying price index series used to generate

LNHPIND; in contrast, LNPRICE is likely to be measured with great accuracy, and we

thus rely on its coefficient estimate.

Simulation results are summarized in Table 15, which presents cumulative default rates

at the 10-year mark for each economic scenario and each buydown pattern. Because the

hazard rate tends to become small after several years of loan duration, the 10-year cumu-
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lative rate is generally close to the cumulative rate over much longer durations. More
complete results, covering several duration points and demonstrating more clearly the initial

upswing in defaults, are presented in Table 16.

Several aspects of the simulation results are noteworthy. First, the summary in Table 15
illustrates in dramatic fashion the influence of economic conditions on default. For a given
type of buydown, the cumulative default rate tends to be much higher when house prices

and unemployment rates move adversely.

Second, as demonstrated in Table 16, cumulative default rates at the one year mark
are typically lower for larger buydowns; the only exceptions occur for the San Antonio
1985/86 simulations. That is, with the latter exception, at very low durations the initial
default-reducing effect of future buydown payments is generally large enough to offset the

default-enhancing capitalization of the buydown into the sales price.

Third, Table 16 demonstrates that larger buydowns are generally associated with higher
cumulative default rates by the end of the third year. While the cumulative default rates
exhibited for larger buydowns are often dramatically higher, there are two kinds of ex-
ceptions to this general pattern. The first kind of exception occurs for the Phoenix 1982
simulations. Because the estimated capitalization effect of buydowns on the default hazard
for the Phoenix 1982 sample is an imprecisely measured negative number (see BRATIO in

Table 8), simulated cumulative default rates are consistently lower for larger buydowns.

The second kind of exception is that there are a few instances in which 3-2-1 buydowns
are associated with slightly lower cumulative default rates than are 2-1 buydowns (or, in
one case, even no buydown at all). This kind of exception occurs in the Denver 1982 sim-
ulations under the two expansionary scenarios, and for San Antonio 1985/86 simulations
in the vigorous expansion scenario. In these exceptional cases, the default-depressing effect
of future buydown payments is large enough at very low durations that it more than com-

pensates for the continuing default-enhancing effects of buydown capitalization. That is,
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larger buydowns initially reduce hazard rates so that cumulative default rates at the end of
the first year are lower when there are larger buydowns. Even though the hazard rate rises
more steeply with duration for larger buydowns, thereby generating more default activity in
later years, the increased default activity at longer durations is, in these exceptional cases,

not large enough to offset the initially lower default rates for larger buydowns.

To illustrate this point, consider the Denver 1982 simulations under the vigorous ex-
pansion scenario in Table 16. Focusing on the columns for the 3-2-1 buydown and for no
buydown, deduct the cumulative default rate at one year duration from the cumulative
default rate at 30 years to obtain the fraction defaulting over the last 29 years of duration.
These fractions are 0.059 (= 0.114 - 0.055) for the case of no buydown, and 0.079 (=0.104 -
0.025) for a 3-2-1 buydown. The fraction defaulting after the first year is thus 0.020 higher
for a 3-2-1 buydown than for no buydown at all. However, the difference in the fraction
defaulting during the first year is reversed in sign and is larger in magnitude: 0.055 of those
with no buydowns default, versus 0.025 of those with 3-2-1 buydowns, for a difference of
0.030. Thus, putting the two pieces together, the increased default activity for 3-2-1 buy-
downs after the first year of duration is not enough to offset the lower default rate achieved
during the first year. The result is a very slightly higher cumulative rate after 30 years for

no buydown than for a 3-2-1 buydown.

It should be emphasized that the latter cases are the rare exceptions rather than the rule.
They occur only in selected instances and only under the assumptions of the expansionary
scenarios, where default rates tend to be much lower in any case. In all other cases (except
Phoenix 1982), larger buydowns soon lead to higher cumulative default rates, and the differ-
ences tend to be especially pronounced for the recessionary and stagnation scenarios. That
is, in those economic circumstances in which defaults are likely to be of greater importance
overall, larger buydowns tend ultimately to result in substantially higher cumulative default

rates.
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VIII. CONCLUSIONS

According to the option-based theory of default discussed in this paper, a temporary buy-
down is expected to have a two-fold effect on default probabilities. First, to the extent
that the capitalized value of a buydown is built into the sales price of a home but cannot
(optimally) be recaptured upon resale, one expects to find that default rates of mortgages
with buydowns are higher than for otherwise identical mortgages in which buydowns are
absent. The second effect works in the opposite direction. During the period over which
buydown payments help to lower the mortgagor’s monthly housing expense, the value of
the mortgagor’s remaining payment stream is correspondingly reduced. Because the buy-
down escrow may retain its value to the mortgagor only if the mortgage remains active or
is prepaid—t.e., it can not be cashed in if default occurs—the effectively reduced value of
the mortgage during the period of the buydown subsidy acts to decrease the incentive to
default. These two opposing buydown forces work, on balance, to reduce the likelihood of

default at low durations, but ultimately to increase the probability of default.?s

The estimation of the proportional hazard model of default generally offers strong sup-
port for the predictions of the option-based theoretical model. As revealed by the parameter
estimates themselves, as well as by estimated default profiles for buydown and nonbuydown
mortgages, default probabilities are at first lower for buydowns but eventually rise above

the corresponding default probabilities for nonbuydowns.

A comparison of the estimated effects of buydowns and of initial sales prices on default
yields an implied capitalization rate. Point estimates of the implied capitalization rate vary,
but they are often around 100 percent and are never significantly different from 100 percent.
Estimated capitalization rates presented here tend to be higher than those obtained via
hedonic regressions on the same samples, however. These differences may reflect systematic

differences in intrinsic default propensities between borrowers who use buydowns and those

5‘SSt.rictlﬁ speaking, this statement assumes that there is no more than full capitalization of the buydown,
although these results can, but do not necessarily, hold if there is more than full capitalization.
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who do not. Although such systematic differences may result in an overstatement of the
buydown capitalization rate, they do not affect the usefulness of the estimated default

models as representations of the behavior of mortgagors who use or do not use buydowns.

Simulations of the estimated models for different buydown patterns and under varying
economic conditions illustrate the importance of both factors. Poor economic conditions,
as reflected in declines in house prices coupled with high unemployment rates, produce
much higher default rates than good economic conditions. Although larger buydowns tend
to lower simulated default rates initially, cumulative default rates are generally higher by
the third year. The effects of larger buydowns in generating ultimately higher cumulative

default rates tend to be especially dramatic under poor economic conditions.

By showing conceptually how temporary buydowns affect default behavior and by esti-
mating and simulating the magnitude of effects, the default models presented in this paper
provide a useful guide to policy makers concerned with default behavior under temporary

buydowns.
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APPENDIX A
ESTIMATES FROM POOLED SAMPLES

Tables 17-19 present estimated hazard models of default based on samples that are pooled
across time periods (Tables 17 and 18) or across cities and time periods (Table 19). The
same specifications used for the separate samples are utilized here as well, and the results

are generally similar to those discussed above.

In a standard maximum likelihood setting it is possible to test for the appropriateness
of pooling through the use of a likelihood ratio test. That is, the hypothesis to be tested
is that the corresponding parameters in the two (or more) samples are the same; if so, the
samples may be aggregated. To our knowledge, however, the distribution of the likelihood
ratio test in this quasi-likelihood context has not yet been established, and thus we have
performed no tests. Indeed, the algebra implies that, under the weighting scheme used here,
the weighted log likelihood function for a pooled sample (i.e., with the constraints imposed)
may be larger than the sum of the weighted log likelihoods for the unpooled samples. To
see this, note that the quasi-likelihood procedure maximizes the weighted log likelihood

K
A= Z wkl,,
k=1

where wy is the weight attached to observation k, and /i is the (unweighted) log likelihood
for observation k. The weight wy is here defined according to cell membership: the ratio of
the proportion of the population in a cell to the proportion of the sample in the same cell.
Cells are, in turn, defined according to default status, new/old status, city, and observation
period. This approach seems conservative because it permits each of the characteristics
that defines a cell to be systematically related to the outcome (default or nondefault). The
problem that arises, however, is that when one pools across samples, the relevant population
and sample proportions change, and thus the weight attached to each observation changes

as well. This reweighting can (and does) result in weighted log likelihoods that are larger
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for pooled samples than for the sum of the individual component samples.®

%61t would be possible to renormalize the weights and compare the reweiﬁhted log likelihood for the pooled
sample to an appropriate linear combination of the reweighted log likelihoods for the individual samples.
Alternatively, one could hold weights fixed upon pooling, thus assuming that there are as many relevant
“populations” as there are sample pools.
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APPENDIX B

CONSTRAINED ESTIMATES

Tables 20-24 present the estimated hazard models that result from imposing some of the
constraints discussed in the text. The first set of estimates in each table imposes the con-
straint that LNPRICE and LOGMIN have effects that are equal in magnitude but opposite
in sign, as implied by the underlying option value framework. The variable LPR-LMN, rep-
resenting the difference between LNPRICE and LOGMIN, now replaces the two individual
variables LNPRICE and LOGMIN, thus imposing the desired constraint. Comparing these
results with the corresponding estimates in Tables 8-12, we note that the estimated effect
of the newly combined variable, LPR-LMN, is generally close to the original coefficient
estimate on LNPRICE, and the remaining coefficient estimates typically change little.

The second set of estimates in each table again imposes the constraint that LNPRICE
and LOGMIN have effects that are equal in magnitude but opposite in sign, but in addition
the coeflicient on BRATIO is now assumed to be the same as that on LOGMIN. Thus
in addition to the assumptions underlying the first set of estimates in each table, we now
impose the additional assumption that there is full capitalization of the buydown. The
variable LP-LM-B, representing LNPRICE minus LOGMIN minus BRATIO, now replaces
LNPRICE, LOGMIN, and BRATIO, thus imposing the desired constraints. Note that the
coefficient estimate on the combined effect is generally quite close to the estimate of LPR-
LMN obtained in the first set of estimates of Tables 20-24. Aside from the rather substantial
changes in the estimated effect of VBSHARE for the Phoenix 1982 and San Antonio 1982

samples, most changes in estimated effects are modest when the new constraint is imposed.

The third set of estimates in each table starts with the constraints present in the sec-
ond set (LNPRICE and LOGMIN have effects that are equal in magnitude but opposite
in sign, and the coefficient on BRATIO is the same as that on LOGMIN). Now, however,
we impose the additional constraint that the coefficient on VBSHARE is the same as that
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on LNPRICE. Thus in addition to the assumptions underlying the second set of estimates
in each table, we now impose the additional assumption that the option value framework
applies to the buydown payment stream as well. The variable LP-L-B+V, representing
LNPRICE minus LOGMIN minus BRATIO plus VBSHARE, now replaces the individual
variables LNPRICE, LOGMIN, BRATIO, and VBSHARE, thus imposing the desired con-
straints. Note that the coefficient estimate on the combined effect is generally quite close
to the estimate of LP-LM-B obtained in the second set of estimates of Tables 20~24. The

additional constraint appears to cause few changes in other estimated effects.
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