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THE DETERMINANTS OF
HOUSING DEMAND -

Eric A. Hanushek and John M. Quigley

I. INTRODUCTION

Housing consumption, particularly of the poor, has been the subject of
active federal policy for the past half-century. During this period, a
variety of subsidy mechanisms have been introduced to alter the housing
choices of different groups in the population and to stimulate the con-
struction of new dwelling units. While government subsidies have varied
widely in form and have increased steadily (see Aaron, 1972: Bradbury
and Downs, 1981), the key to understanding their welfare implications
is knowledge of the basic parameters of housing demand and supply
schedules. If policy makers had good estimates of the income and price
elasticities of housing demand and the price elasticity of housing supply,
they would be in a position to evaluate the welfare effects of most existing
programs (cf. Murray, 1975) and to forecast the likely impact of many
proposed housing subsidy programs (cf. Hanushek and Quigley, 1981).
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222 ERIC A. HANUSHEK and JOHN M. QUIGLEY

However, after extensive empirical investigation, there remains consid-
erable uncertainty about the basic parameters of supplier and demander
behavior.

This chapter concentrates upon estimation of the demand parameters
for housing. While this appears on the surface to be a straightforward
application of consumer demand theory, certain distinctive features of
housing markets make this problem qualitatively different, and its so-
lution empirically more difficult, than in most applications. In particular,
the multidimensional character of the housing "*commodity™" introduces
important conceptual and measurement problems, beginning with simply
tl.1e appropriate definitions of price and quantity consumed. Further. the
significant transactions and adjustment costs required to modify housing
consumption imply that individual households may adjust their con-
sumption sluggishly. Thus, to understand the fundamental demand re-
lationships, particularly the long-run implications of income or price
changes. knowledge of the dynamic adjustment process is required. To-
gether, these characteristics of the housing market imply that data gen-
erated by normal housing transactions provide less clear information
about demand relationships than transactions data for most other con-
sumer goods.

In this chapter, we report the results of an analysis of the income and
price elasticities of demand for residential housing that recognizes these
complications. The research reported below is based upon samples of
longitudinal data originally gathered as a part of the Housing Allowance
Demand Experiment (HADE).' The overall HADE research design is
principally directed toward ascertaining the behavioral response of low-
income-renter households to alternative forms of cash assistance—some-
times tied in particular ways to housing consumption. This analysis is
not concerned, however, with the fundamental issues of housing policies
or ‘with the housing allowance experiments per se. but instead with
esl‘lmalion of the underlying demand parameters.’ It capitalizes on two
unique features of the data generated by the experiment: the panel aspect
of th.e data and the experimental reduction in the price of housing that
was introduced for one group of experimental households. These features
permit the direct investigation of the price and income responsiveness
of housing consumption in a dynamic context.

The following section of this chapter reviews briefly the literature on
estimation of housing demand functions. Section III introduces the con-
f:eptual model. which distinguishes between short-run and long-run ad-
Justment to changes in incomes, relative prices. and other economic
conditions. Section 1V presents the empirical analysis. The existence of
longitudinal information on individual households and their choices al-
fows an unusual opportunity to investigate the validity of the underlying
conceptual model. since it permits the empirical model to be replicated
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for two time intervals for the same households in each of two very
different local housing markets.

II. RESEARCH ON THE DETERMINANTS
OF HOUSING DEMAND

The diversity of studies and the conflicting results on the “*true’” param-
eters (income and price elasticities) of the demand curve for housing
services has generated at least three extended reviews of the literature
(de Leeuw, 1971; Polinsky, 1977; and Mayo, 1978).

Most of the controversy surrounding estimates of the income elasticity
of demand has concentrated upon the appropriate definition of income.
Housing is a highly durable commodity and is expensive to modify; at
the same time, the costs of moving are large. Presumably, therefore,
households base consumption decisions on some *‘long-run’’ notion of
income—and do not continuously adjust their housing to transitory fluc-
tuations in income. This suggests that income elasticities based upon
current income measures will understate the ““true’ income elasticity
which appropriately reflects *'long-run’ (or **permanent’’) income.’ This
logic explains, in part, the divergence of elasticity estimates derived from
individual household and aggregate market data, since average income
from a market will better reflect ‘*‘permanent’™ income.

Note. however, that the ‘‘permanent’” income argument is really a
statement about the dynamic adjustments of households. The implied
adjustment behavior can only be made explicit by defining permanent
income. For example, if permanent income is measured by a distributed
lag of income. then a specific adjustment path of housing consumption
to income changes is implied. However, the demand relationship may
include other factors that affect housing consumption—such as family
size, family composition. or workplace location. It seems equally rea-
sonable to expect adjustment lags to changes in these factors which may
be important determinants of demand. With respect to these other fac-
tors, there is no natural analog to *‘permanent’’ income, and the esti-
mation of models that explicitly consider the dynamic behavior is ap-
propriate. Importantly, the estimation of static models which include
measures of long-run income, but do not consider other dynamic elements
of housing demand, will nor yield unbiased estimates of the income
elasticity of demand unless long-run income is uncorrelated with the
other characteristics that influence demand. If a measure of long-run
income is correlated with other factors, the specification or measurement
errors in these factors will affect the estimation of the income elasticity.
In this case, however, it is not possible to indicate the direction of any
bias.

The uncertainty surrounding the price elasticity of housing demand



224 ERIC A. HANUSHEK and JOHN M. QUIGLEY

arises from the fact that housing prices are simply never observed at all
in any cross section; only housing expenditures, i.e., prices times quan-
tities, are observed directly. This has led researchers to estimate cross-
sectional models of demand across housing markets and to relate average
levels of housing consumption (i.e., total expenditures on housing) to
estimates of the **average'* cost for a **standardized’’ bundle (or quantity)
of housing services in different regions or metropolitan areas. (See Fen-
ton, 1974: de Leeuw, 1971; Carliner. 1973.) These price estimates are
typically obtained from the City Workers’ Family Budgets established
by the Bureau of Labor Statistics (BLS) or, less commonly (cf. Muth,
1960), from indices of construction costs (e.g., the Boeckh index) ob-
tained from industry surveys.

Neither of these measures of price variation is very satisfactory. The
BLS data are gathered for an arbitrarily specified dwelling unit, and no
attempt is made to control for differences in many of the important
characteristics of housing which are surely reflected in market prices.*
Construction cost indices are measures of labor and capital input costs
for newly constructed dwelling units only and do not include land costs
at all.

More important than the imprecision of such price indices, however,
is the possibility of bias arising from intraarea price variation. For ex-
ample, standard urban location models imply housing price gradients
that, if ignored, would lead to biased estimates of price responsiveness.
Polinsky (1977) considers this specific case and the statistical properties
of price and income elasticity estimates of housing demand estimated
from different types of data. He concludes that price elasticity estimates
obtained from average metropolitan area housing price indices are likely
to be biased away from zero.*

Only two papers have incorporated intrahousing market variation in
housing prices into an analysis of price responsiveness (Muth, 1971;
Polinsky and Ellwood, 1979).® These papers rely upon observations of
individual dwelling units and households within, as well as between,
housing markets to estimate the parameters of the demand curve. In
both cases, a national sample of newly constructed FHA-mortgaged
dwelling units is used to estimate the parameters of a (national) pro-
duction function for housing (assumed constant elasticity of substitution).
This allows computation of an estimated competitive unit price of hous-
ing, which can be used in a subsequent investigation of the price elasticity
of demand.’

The estimation of the production function itself requires observations,
not only of the metropolitan price of housing capital (both papers rely
upon the Boeckh index), but also of the unit price of land which varies
for each observation. For this crucial variable. the authors rely upon the
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unit price of land estimated by FHA appraisers. The reliability of these
appraisals is dubious at best, but this is crucial to the analysis, since all
intraurban variation in prices across dwelling units arises from variations
in the price of land.

These estimates of price responsiveness are quite indirect and rely
upon a series of strong assumptions 1) about the housing production
function; 2) about the accuracy of land price data; and 3) about the
homogeneity of demand relationships across areas. Nevertheless, they
represent the most persuasive evidence on the price elasticity of housing
demand developed so far: the point estimates are —0.67 to —0.70 for
purchase of newly constructed units.

-

III. A MODEL OF HOUSING DEMAND DYNAMICS

With few exceptions, past research into the operation of housing markets
has ignored dynamic considerations (see Muth, 1960, for an exception).
Analyses of housing demand based upon aggregate data or cross sections
of individual households are generally interpreted as equilibrium rela-
tionships. As we have stressed, however, the housing market is quali-
tatively different from the market for most economic commodities. There
are typically large costs associated with transforming the housing services
provided by any dwelling unit, and there are unusually high transactions
costs incurred by households in changing their particular dwelling units.
These two facts provide the point of departure for investigating the -
sensitivity of housing consumption to variations in economic conditions.
Since specific housing units are generally not very malleable (especially
rental units, see Sweeney, 1974) and since the costs of searching, moving,
security deposit, brokers fees, etc. plus any nonpecuniary costs of re-
location are sizable (see de Leeuw and Ekanem, 1971), it follows that
households’ observed consumption of residential housing in any period
may deviate significantly from their **equilibrium’’ levels of housing con-
sumption—that is, the amounts of housing freely chosen in a frictionless
world, given preferences, incomes, and relative prices. Although these
considerations may be relevant for many goods, especially consumer

“"durables, they are much more important quantitatively in the case of

housing consumption.

Dynamic considerations and the timing of household adjustment are
particularly salient in the interpretation of the HADE experiment, which
for analytical purposes is only two years in duration. If dynamic ad-
Justment is slow, as our previous analysis suggests (Hanushek and Quig-
ley, 1979), then there is reason to expect that the observed housing
consumption patterns of households at the end of the experiment will
be misleading—at least if policy makers are interested in evaluating the
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long-term effects of experimental stimuli. Consideration of the long-run
effects of short-term experiments requires some attention to market
dynamics.

Let HY., represent the **desired”” or equilibrium housing demand for
a given household—that amount of housing freely chosen in a frictionless
world, given preferences. prices, and incomes: let H, be the observed
bousing consumption at time t. With well-behaved utility functions, the
incentive to adjust housing consumption increases monotonically with
the gap between observed and desired housing consumption during the
interval t — t+1, i.e., [HY,, — H,].

The adjustment of consumption patterns by individual households can
be characterized as a simple maximization problem and the solutions,
depending on what elements one concentrates on, are fairly well known.
For example, with fixed and known relocation costs and a two-period
model. a given change in circumstances (such as a change in housing
prices or a change in income) will induce a household 10 move to its
new equilibrium consumption level if the change in utility measured in
dollars between current housing consumption and equilibrium consump-
tion exceeds relocation costs. Alternatively, if the prices of alternative
dwelling units are unknown but follow a known distribution. the house-
hold will invest in search until the point where the expected utility gain
from search equals marginal costs of search and will move if the utility
change evaluated at the best price found in search exceeds relocation
costs. Thus the consumption of housing for a given change in circum-
stances is probabilistically related to the distribution of prices.

The essential point in these conceptualizations is that the exact form
of the dynamic response of households is related directly to the form
of the underlying utility function and the distribution of prices and moving
costs, elements which are generally unobserved. Nevertheless, for given
distributions of search costs. transactions costs. etc., and for quite gen-
gral_utility functions, the expected adjustments of households to changes
In circumstances or market conditions will be monotonically related to
the gap between equilibrium consumption and current consumption of
housing.

The empirical model concentrates upon a stock adjustment represen-
tation of consumption dynamics. In particular, a convenient and. as
shqwn elsewhere (Hanushek and Quigley. 1979). a reasonable charac-
terization of market demand dynamics is that households. on average,
close the gap between desired and equilibrium housing consumption at
a constant rate a, so that

HI*I = u‘H:j'l - H!] + (le' (I)

where ¢ is | plus the rate of relative price increase during the interval.
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This formulation need not necessarily describe the precise adjustments
of individual households, but rather the overall responses of groups of
houscholds facing cither exogenous or experimental changes in
circumstances.®

A more general adjustment hypothesis is that households are more
responsive to contemporancous changes in desired levels of housing
consumption than to their accumulated levels of disequilibrium. Since
the principal method of changing housing consumption is through moving,
which involves an investment in search, households may be more re-
sponsive in any period to changes in.equilibrium demand than to their
initial levels of disequilibrium. This is necessarily true, on average, if
houscholds search by sampling without recall from an unknown distri-
bution. In this case, if an exogenous shock changes the level of dis-
equilibrium, households will sample (search) and revise priors until the
expected gain of an additional search is less than its cost. Thus an
“unlucky'’ realization will result in less search activity and hence less
observed adjustment activity in subsequent periods. To test this. the
one-period disequilibrium can be decomposed, leading to a modified
stock adjustment model:*

H.., = B[H:l - H] + ‘Y[H:j'l - H:‘] + oH,, (2)

with the hypothesis that y > B. Equation (1), or the more general expres-
sion in Equation (2). indicates the expected intertemporal path of actual
observed housing consumption, given the path of equilibrium housing
demand.

Equations (1) and (2) describe the basic dynamics of consumption,
where changes in equilibrium demand can arise from a variety of sources.
It is useful for the subsequent empirical analysis to consider explicitly
the case for which housing prices are experimentally reduced by some
fraction n (0 < m < 1). The new equilibrium housing demand H!
resulting from the price change is, by definition:

H! = HI( + en), 3)

where ¢ is the price clasticity of demand for residential housing. Sub-

_stitution into (1) and (2) yields

H,., = a[H!., - H] + aenH’., + &H, (4)
and
He.y = BIHY — H + y[H!., = H{] + BenH!

+ yen[H!., —= H] + ¢H,. (5)

Both formulations make explicit the lagged response to changes in
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housing circumstances or market conditions. For example. in Equation
(4), increases in household income increase the equilibrium demand for
housing, but in any given period the expected adjustment in observed
housing consumption is only 100a percent. In a subsequent period the
expected adjustment in housing consumption is {[00a(] - )] percent.
Similarly, the long-run response to a change 7 in housing prices is mea-
sured by the price elasticity parameter times the price change &n. How-
ever, on average, in the first period only 100« percent of this response
will be observed. In Equation (5), a unit increase in housing demand in
any period will result in an average adjustment of 100y percent by the
end of the period. In the subsequent period, the expected adjustment
is [100B(1 — v)] percent. In Equation (5), if the true price elasticity is
e, after one period the observed response to a change in housing prices
is yne. After two periods the observed response is [(v+B—-Bymel.

IV. EMPIRICAL ANALYSIS

Virtually all past research into housing demand relationships can be
viewed as attempts to estimate the equilibrium demand relationships.
For a cross section of households within the same market, all households
are viewed as facing the same set of prices, and expenditures are simply
regressed upon the assumed determinants of variations in housing de-
mand. To obtain estimates of price effects, samples of households across
markets are used: the coefficient on the average housing price across
markets is interpreted as the price responsiveness. As noted, this analysis
has been further extended to incorporate intraarea price variations that
arise from variations in land prices within areas and in capital prices
between areas. In all cases, however, dynamic adjustments are ignored.

In contrast, Equations (4) and (5) explicitly incorporate dynamic re-
sponses arising from price or income changes or from changes in any
other determinants of demand. The estimation strategy involves a two-
stage procedure in which equilibrium demands are first estimated and
then uséd as instruments in the estimation of the dynamic adjustment
models. The first stage provides estimates of the effects of income and
other (nonprice) determinants of demand at common initial prices; the
instruments for equilibrium demand are used in the direct estimation of
the adjustment models which indicate the responsiveness of households
to price variations.

Equations (4) and (5) are similar to partial adjustment models that are
frequently applied to other phenomena such as investment levels. Typ-
ically, empirical implementation involves first specifying the relationship
between desired (or “*equilibrium'") consumption and a set of exogenous
variables and then substituting this into the adjustment equation. The
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current activity level is estimated as a function of the exogenous factors
and its lagged value. In the present application, an instrumental procedure
is preferred for two basic reasons: 1) it may be unreasonable to assume
that marketwide relative prices are constant during the time period of
observation; and 2) the more complicated adjustments of Equation (5),
coupled with the short time series available (i.e., longitudinal information
for individual households is limited to three points in time), make such
substitution infeasible. Therefore, we follow a strategy of direct esti-
mation in which the equilibrium demand relationships are specified and
estimated directly; these estimates. based upon a subset of households
(discussed in Section IV.A, below), are used to form instruments for
equilibrium demands for all sample households; the resulting instruments
are used in the estimation of adjustment Equations (4) and (5) discussed
in Section 1V.B. As noted in Section IV.C, this procedure does introduce
several statistical complications, but, with one exception, these compli-
cations are precisely the same as those encountered by the more common
technique of direct substitution. Moreover, indirect evidence suggests
that this instrumental technique provides a reasonable approximation of
the underlying consumption behavior.

A. Equilibrium Relationships

Longitudinal data on individual households in the Pittsburgh and Phoe-
nix housing markets are available at the three points in time. All sample
households are renters with low annual incomes. A baseline survey was
conducted for a large sample of households (at t=0) prior to any ex-
perimental treatment. Households were subsequently assigned to a num-
ber of treatment groups and identical data were gathered after 12 months
(t=1) and, again, after another year (t=2). This analysis is based upon
a subset of all households initially interviewed and upon those households
subsequently assigned to the control group or to treatment groups re-
ceiving price discounts at t=1 and t=2. At the time of the baseline data
collection (or t =0), we assume that all households in each housing market
face the same prices for housing and other goods." We further assume
that those households recently making relocation decisions' choose to

- consume their utility-maximizing quantity of housing services, H®. This

is sufficient to identify the equilibrium demand equation at constant initial
prices. These equations are estimated cross-sectionally for housghg{ds
within each housing market (normalized arbitrarily by setting the initial
price of housing services to unity) by regressing housing expenditurgs
on household income, assets, family size, and other demographic
characteristics.

The estimated equilibrium demand relationships, discussed at length
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elsewhere (Hanushek and Quigley. 1978), are presented in Table 1. These
demand functions follow a rather conventional specification except that:
1) considerable care is exercised in the specification of life cycle effects;
and 2) the sample is confined to those households choosing equilibrium
Ievpls of housing services, identified by recent moving behavior." The
estimates reported rely upon stratification by age (below age 45 and 45
years or older for the head of household) along with linear age effects.
Also included are variables reflecting the race, education. income. and

Table 1. Equilibrium Housing Demand Equations at Initial Prices for
Recent Mover Households Stratified by Age*
Pittshurgh Phoenix
Variable Young Old* Young old*

Income 4.020 4.920 6.290 5.660
(thousands of dollars) (3.19) 2.11) (7.74) (3.14)
Assets -1.310 1.118 1.230 1.230
(thousands of dollars) (0.98) (1.58) (0.93) (1.32)
Years of Education 4.950 1.318 3.647 0.600

(5.06) (0.93) 4.91) (0.49)
Household Size sn 8.479 1.144 3.795

(1.27) (3.65) (0.99) (1.49)
Black Household -15.383  —-13.159 - 25.541 —-23.443
(1 = yes) (3.61) (1.56) (4.20) 10.41)
Other Nonwhite (Spanish) -14.93 -3.761 ~-16.370 - 4.466
(1 = yes) (0.80) .11 14.20) 0.41)
Age of Head 1.403 0.450 1.312 -{).586
(years) (4.62) (1.09 {4.90) (1.47)
Refrigerator Included in Rent 22267 -13.272 -6.470 2.295
(1 = yes) (2.89) (0.87) (1.40) (0.23)
Stove Included in Rent 1.074 25.063 22.926 - 6.868
(I = ves) (0.16) (1.80) (4.79) (0.57)
Air Conditioner Included in Rent N . 15.488 27.616
(I = yes) (2.05) (1.76)
Constant 1.283 32.408 7.418 104.907
R’ 0.318 0.359 0.315 0.247
Degrees of Freedom 33 9l S02 128

Notes:

* t ratios in parentheses.

* Head of household aged 45 or more.
¢ Not included in regression.

frE s T

The Determinants of Housing Demand 23

assets of ecach household, as well as the terms of the rental contract for
the provision of major appliances.

In general. the estimated demand functions are quite consistent with
expectations and with previous empirical inquiries. In the linear form
of the equilibrium demand relationships. the income elasticity varies with
the level of income. Thus, a range of income elasticities can be calculated
for comparision with alternative estimates of this parameter. Table 2
evaluates the estimated income elasticities at several points. The first
two columns provide income elasticity estimates at the sample mean
income and at the median Standard Metropolitan Statistical Area (SMSA)
income. The SMSA estimates of income elasticities with respect to cur-
rent income are somewhat higher than those obtained by others based
upon individual data for renters—reflecting the restriction of the sample
to recent movers. The last two columns provide estimates of the elasticity
of demand with respect to *‘permanent income.’’ These are obtained by
relying upon exogenous information about the relationship between
schooling and earnings in each metropolitan area. Note that current
income (Y) includes a permanent (Y,) and a transitory (Yy) component:
assume E(Y;) = cov(Y,.Yy) = 0. The equilibrium demand equations in
Table 1 take the form:

Hd = A() + A](Yp + Y’r) + AgED o, (6)

where ED is years of schooling. The elasticity of demand with respect
to Y, is then given by:
aH! Y,

6, = o —=[A,+A:-

1y,
= ——— | 2. 7
» = 3Y, HY 6Y,,/8ED] He @

To ascertain the relationship between permanent income and years of
schooling separate estimates of a standard earnings function.

log Y, = b, + bED = b,EX + b.EX* (8)

Table 2. Alternative Estimates of Income Elasticities
of Housing Demand

Current Income Permanent Income*
at at ar ar
Sample Mcan  SMSA Median  Sample Mean  SMSA Median

Pittsburgh 0.15 0.58 0.55 1.02
Phoenix 0.23 0.56 0.51 1.13

Note:
* Sce text for derivation.
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(where EX is experience), were made for male workers in the Pittsburgh
and Phoenix SMSAs from the 1970 Public Use Sample (see Hanushek,
1981). For Phoenix b, is estimated to be 0.060, and for Pittsburgh b, is
estimated to be 0.085. Substitution into Equation (8) yields the estimates
of elasticities of housing demand with respect to permanent income re-
ported in Table 2.

As suggested by others, the long-run income elasticities appear higher—
on the order of 1.0 for the SMSA calculations.

Importantly for this analysis, the results reported in Table | provide
a series of instruments for equilibrium demand and for changes in equi-
librium demand over time. With annual information at t=0, I, and 2
about household incomes and demographic characteristics, equilibrium
demands at initial prices (i.e., Hj, H{, and HY) can be computed for each
household.” This information, together with knowledge about experi-
mentally induced reductions in housing prices and about actual housing
consumption, permits estimation of both adjustment behavior and the
price elasticity of housing demand—estimates which incorporate direct
observations on experimentally induced variations in housing prices.

The observed housing expenditures of households (H,, H,, H.) are
normalized to eliminate an extraneous source of household price vari-
ations—those arising from duration of occupancy. Long-term occupancy
by tenants can result in significant cost savings—not only from reduced
redecorating expenditures but also from reductions in expected vacancy
rates of rental units. In a competitive market, we would expect some
or all of these savings to be passed on to tenants. Therefore, consumption
expenditures are all normalized to new occupants, consistent with the
equilibrium demand estimates in Table 1."

B. Dynamic Adjustment and Price Elasticity Estimates

Estimation of the dynamic adjustment model and the price elasticity
of demand relies upon the unique features of the HADE data: the lon-
gitudinal information for households and the experimental manipulation
of housing prices. The analysis concentrates on 810 households in Pitts-
burgh and 618 households in Phoenix. After an initial home interview,
386 households in Pittsburgh (305 in Phoenix) were assigned to the control

group which received no subsidies (i.e., 1 =0); the remaining households

in ecach sample received rent rebates (y) which varied between 20 and
60 percent of their monthly rent (i.e., 1=0.2. .... 0.6)."

Table 3 presents coefficient estimates of the adjustment models, sep-
arately for households in the Phoenix and Pittsburgh housing markets.
Within each housing market, the model is replicated in two successive
l-year intervals for the same sample of households. Assuming that the
errors are normally distributed. the estimates are obtained by maximum-
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Table 3. Estimates of Stock Adjustment Model of Housing
Consumption for Experimental and Control Households®

H.., = o [H!.,-H] + aeqH!., + &H,

Pitsburgh Phoenix .
Pooled Pooled
Time Time
0->! t->2 Periods 0->1 1->2  Periods
@ 0.223 0.155 0.185 0.407 0.273 0.352
(7.65) (6.23) (9.79) (10.01) (7.61) (13.02)
€ -0.573 -0.689 -0.642 —0.484 -~0.385 -0.453
(3.07) 2.7 4.13) (2.90) (1.80) (3.53)
) 1.028 1.036 1.033 1.085 1.058 1.074
(2.71)F (377" .70 (5.02)° (3.75¢ 6.391
R? .582 .700 .648 .535 .695 .610
Number of Observations
Control 375 361, 736 284 243 527
Experi- 424 407 831 302 265 567
mental
Tests of Parameter Equality
Control 0.292 0.043 0.863 1.039
and
Experimental
Equality*
Time Period Equality” 1.278 4.114
Notes:

* t-statistics in parentheses.

® t-statistic calculated on null hypothesis that parameter equals one: i.c.. that there were no changes
in the relative prices of housing and other goods.

¢ F-statistics.

likelihood techniques incorporating the nonlinear constraints on parameters.

Standard covariance tests suggest little difference in the estimated
parameters in the two time periods.'® Further, covariance tests indicate
that the basic adjustment behavior of those households receiving ex-
perimental housing price reductions is no different from the behavior of
control households who are unaffected by the experiment."”

The adjustment coefficient (a) indicates that, on average, 19 percent
of the gap between desired housing consumption and observed initial
consumption is closed in each 1-year period in Pittsburgh. In Phoenix,
where the average mobility rate of households is higher, the results
suggest that 35 percent of the gap is closed in any year.

In both housing markets, & is significantly greater than 1, indicating
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Table 4. Estimates of Expanded Stock Adjustment Model of Housing
Consumption for Experimental and Control Households*

Hi.o = BH' = HJ + y(H., — H] + yem [H'., - H}] + BenH! + &H,

Pittsburgh Phoenix
Pooled Pooled
Time Time
0->1 1->2 Periods 0->1 ]=->2 Periods
B 0.213 0.145 0.181 0.402 0.259 0.330
(7.24) (5.80) (9.56) (9.62) (7.09) (11.87
Y 0.466 0.444 0.376 0.462 0.534 0.512
4.23) (3.46) (4.86) {4.26) 3.7 (6.38)
E -0.278 ~-0.693 -0.359 -0.427 -0.374 -0.409
2.7% {2.68) (3.36) (2.49) (.71 (3.65)
& 1.022 1.030 1.032 1.084 1.053 1.067
(2.061 (3.12)° (4.79° (4.95" (3.43) (5.94)"
R’ .585 .702 .649 535 .697 .613
Number of Observations
Control 375 36t 736 284 243 527
Experimental 424 407 831 302 265 567
Tests of Parameter Equality
Control and 0.893 1.796 0.571 0.977
Experimental
Equality*
Time Period Equality* 2.031 2.399
B=x 5.240 5.493 6.434 0.297 3.770 6.214
Notes:

* t-statistics in parentheses.

n st , : :
F-staumc calculagcd on nuil hypothesis that parameter equals one: i.¢., that there were no changes
in the relative prices of housing and other goods.

© F-statislics.

¢ t-statistics.

modest inflation in relative prices. The rate of inflation in market prices
is consistently greater in Phoenix than in Pittsburgh.

The estimated price elasticity of demand is —0.64 in Pittsburgh and
—0.45 in Phoenix. These are estimates of the long-run responsiveness
of l.lousing consumption to price changes, i.e., the consumption changes
which would be observed after all households had fully adjusted to the
changed housing prices. The short-run elasticities—those which would
be pbserved after 1 year of altered prices—are considerably smaller.
While a 10 percent reduction in housing prices would lead eventually to
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a 6.4 percent increase in housing consumption in Pittsburgh, only a 1.2
percent increase is actually observed after the first year of the experi-
ment. Similarly, in Phoenix an increase of only 1.6 percent in housing
consumption (from a 10 percent rent reduction) is observed after the first
year, even though a 4.5 percent increase is expected in the long run.

Table 4 presents the maximum-likelihood estimates of the expanded
adjustment model, Equation (5), which distinguishes between initial lev-
els of disequilibrium in housing consumption and changes in equilibrium
demands. The estimates are replicated in two successive 1-year intervals
for the same sample of households in each market.” Again. covariance
tests indicate that the adjustment behavior of those households receiving
experimental price reductions is no different from that of the control
households. An F-test suggests that the estimated coefficients are iden-
tical for both time intervals. The results reported in Table 4 strongly
suggest that there are significant differences in the rates of adjustment
to current changes in equilibrium demands and to initial levels of dis-
equilibrium. In Phoenix, three-fourths of a gap caused by any change
in equilibrium demands is closed within 3 years: in Pittsburgh. it takes
6 years to effect this adjustment. As described below, there are statistical
reasons. if not theoretical reasons, for preferring the estimates from the
expanded models.

While the speed of adjustment is consistently greater in Phoenix than
in Pittsburgh, the estimated price elasticity is quite similar for households
in the two metropolitan areas. The point estimates of the long-run price
elasticity of demand are between —0.35 and —0.41.

C. Statistical Complications

As with alternative estimation techniques for dynamic models, there
are several potential statistical problems in the estimation of the param-
eters. With the technique of substitution. as opposed to the instrumental
estimation here. this concern centers upon the estimated adjustment
coefficient (which. after substitution, is the coefficient on the lagged

~ dependent variable); in the presence of serial correlation of the errors

(which might be induced by the substitution itself), the adjustment coef-
ficient will be biased and inconsistent, and this will also lead to biases
in the other coefficients. With this instrumental technique, the problems
are somewhat different, since the adjustment coefficients are estimated
directly from variations in the level of disequilibrium. Equations (4) and
(5) are cross-sectionally estimated. and there is no reason to believe that
errors in the adjustment equation are correlated with lagged consumption
per se. However, the equilibrium demands are themselves estimated
from the sample of households observed to be initially in equilibrium,
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and equilibrium levels of consumption are imputed to all households.
Even if the parameters of the equilibrium demand relationships reported
in Table 1 are unbiased and consistent, the estimated equilibrium de-
mands will include a stochastic error. This error includes both a random
component and a component representing unmeasured, household spe-
cific factors (e.g., taste differences). Of particular importance is the pos-
sibility of individual specific demand differences that persist over time.
If time-invariant and unmeasured taste differences persist for individual
households, this component of error will remain, even asymptotically,
and the adjustment parameters will be estimated inconsistently. The
asymptotic bias is a function of the variance in unmeasured taste dif-
ferences relative to the variance in the systematic component of equi-
librium demand. The results in Table 4 for the expanded adjustment
model do provide some evidence about this, however. First, in Equation
(5) the measure of changes in equilibrium demands eliminates any in-
dividual specific additive error component. The random (white noise)
component of error in the estimate of the initial disequilibrium can, of
course, bias the other parameter estimates; yet the estimates of y are
certainly less affected by these errors than the estimates of B. Second,
because at t =0 no household receives any subsidy, the actual estimation
form for the adjustment models differs between time periods (see note
19). Thus, any errors in variables introduced by persistent unmeasured
taste differences will have a differential effect on the parameter estimates
across time periods. If such errors do have an important impact on the
parameter estimates, one would expect the estimates to differ signifi-
cantly between the two estimation periods."” Yet they do not. Thus, the
indirect evidence indicates that systematic variations in tastes across
individuals do not have an important effect upon the parameter estimates.

VI. CONCLUSIONS

For the simple models of stock adjustment, the 95 percent confidence
interval for the price elasticity of housing demand is (—0.332 to —0.952)
for Pittsburgh households and is (—0.197 to —0.709) for Phoenix house-
holds. For the expanded models the confidence intervals are (—0.222
to —0.538) and (—0.185 to —0.633) in Pittsburgh and Phoenix respec-
tively. Although the long-run elasticity estimates obtained from the ex-
panded models are smaller, the latter models suggest a more rapid re-
sponse to price variation.

By way of comparison, the Muth (1971) analysis, which estimates the
price elasticity from the production function for new housing, reports
three estimates of the price elasticity with a 95 percent confidence interval
of (-0.511 to —0.987). Polinsky and Ellwood (1979), using an identical
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methodology, report two estimates, with a confidence interval of (—0.560
to —0.860). Again, these studies are for national samples of households
and are confined to the purchasers of new single detached, FHA-insured
housing.

Our analysis, based upon experimental manipulation, suggests that
renters are somewhat less responsive to price variation and that re-
sponses do vary across housing markets.

This analysis also suggests, regardless of the *‘true’’ price and income
elasticities of housing demand, that there are significant lags in adjustment
to market variations; policies which subsidize housing consumption by
reducing prices or increasing incomes may take some time to achieve
results—if results are measured by increases in housing consumption.
Finally, this analysis suggests that identical policies may have rather
different effects across local markets.

The ultimate effect of any price or income subsidy policy also depends
upon the elasticity of supply of housing services, and reliable estimates

Table 5. Percentage Change in Housing Consumption from a 10
Percent Reduction in Housing Prices as a Function of Demand and
Supply Price Elasticities®

Price Elasticity €
Pittsburgh Phoenix
Simple  Expanded Simple  Expanded
Adjustment Period/ Adjustment Adjustment Adjustment Adjustment
Supply Elasticity €= —409 ¢ = —~.642 e = —.359 ¢ = - 453
A. After one year 0.2 0.75% 0.81% 0.89% 1.02%
supply elasticity
0.4 0.92 1.14 1.38
0.6 0.99 1.26 1.55
1.0 1.06 1.33 1.73
= 1.19 | 1.60 2.09
B. After five years
supply elasticity 0.2 1.35% 1.13% 1.34% 1.30%
0.4 2.03 1.57 2.00 1.92
0.6 2.44 1.81 2.40 2.28
1.0 291 2.05 2.86 2.69
x 4.1 2.58 4.01 3.69
C. After full adjustment
supply elasticity 0.2 1.53% 1.28% 1.39% 1.34%
0.4 2.46 1.89 2.12 2.02
0.6 3.10 2.25 2.58 2.43
1.0 3.91 2.64 3R 2.9
x 6.42 3.59 4.53 4.09

Note: .
* Calculations based upon estimated adjustment models of demand in Tables 3 and 4, assuming constant

supply elasticities; see note 21.
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of this parameter are even more problematic. de Leeuw and Ekanem
(1971) and Struyk and Ozanne (1978) argue that the supply elasticity may
be as low as 0.4; Smith (1976) argues that it may be larger by an order
of magnitude. Table S presents some illustrative calculations of the effects
of a given price subsidy policy upon housing consumption.” As the table
indicates, in the long run, after suppliers and demanders have fully ad-
justed. such subsidies do result in significant (though inelastic) increases
in housing consumption.”' In the short run, however, the effects of price
subsidy policies are more modest, even if supply is perfectly elastic. For
example, in Pittsburgh only 64 to 72 percent of the eventual adjustment
to a price reduction is actually observed after 5 years. In contrast, about
90 percent of the total adjustment in Phoenix is accomplished after 5
years. If the supply curve for housing is inelastic, clearly the short-run
responses to price subsidies, as measured by housing consumption, are
even smaller.

Similarly, responses to pure income subsidies would evolve slowly,
even if subsidies were viewed by recipients as increases in long-run or
“permanent”’ income. The income elasticity estimates reflect consump-
tion responses in the long run—not those that would actually be observed
during a short-run experimental period.

NOTES

1. For an extensive analysis of somewhat different models of price responsiveness
using the same basic data. see Friedman and Weinberg (1978). Hanushek and Quigley
(1981) provide a review of these and other investigations of data from the Housing Al-
lowance Demand and Supply Experiments.

2. Particularly careful analytical reports on the effects of housing allowances may be
found in Friedman and Weinberg (1978, 1979). See also Bradbury and Downs (1981).

3. This follows from a simple errors-in-variables argument. If housing consumption is
a function of permanent income, the estimated income clasticity will be biased downward
when estimated on the basis of nominal. or observed. income of individual houscholds.
even if the expected value of the transitory component is zero {see Hanushek and Jackson.
1977, chapter 10).

4. See Gillingham (1975) for a detailed discussion of the limitations of these data.

5. This conclusion is based upon a consideration of residential location and housing
demand. Consider the regression of housing consumption upon income and the average
price of housing in the local market. for a sample of individual households gathered across
local markets. Standard residential location models (with some assumptions about the
fnagni(udc of demand parameters) imply that within any market (or urban area). higher-
income households will locate further from the central workplace where housing prices
are lower. In a sample of households drawn across local markets. average incomes and
housing prices are positively correlated. Thus an increase in income increases the prob-
§bilily that a household will be located in a city of higher average income. Since the relative
income of that household would be lower. it would locate closer to a city center in the
city of higher average prices. where housing prices are yet higher. With price-inelastic
demand. this overstates the change in housing consumption with respect to price. See
Polinsky (1977).
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6. Other papers (e.g.. Quigley, 1976; King, 1975: Straszheim. 1975) also utilize intra-
metropolitan housing prices, but they are of limited relevance Lo this study.

7. Analytically, this approach assumes that the production function for housing is
constant clasticity of substitution (CES) in land and nonland inputs. The elasticity of
substitution is estimated from the (logarithmic) regression of factor shares upon factor
prices. With perfect competition, the price per unit of housing equals the equilibrium cost
per unit, which can then be computed from the CES unit cost function.

8. The stock adjustment model. as conventionally applied to such behavior as invest-
ment or inventory accumulation. is often motivated by assumptions of either adjustment
costs or dynamic expectations and may be a realistic description of both aggregale changes
and individual firm responses. However, when adjustment costs have large fixed com-
ponents, il is less reasonable to presume that individuals make a series of marginal ad-
justments in approaching equilibrium. Instead, those households who overcome the inertia
generated by fixed costs might more realistically be assumed to adjust directly to their
optimum consumption levels. In this case, the stock adjustment model is a characterization
of aggregate market dynamics and the adjustment parameter is interpreted as the average
propensity of households in disequilibrium to make adjustments. either by moving or by
transforming their current dwelling units.

For most purposes. the focus upon the expected behavioral responses across the housing
market provided by the stock adjustment formulation is adequate. This formulation does
not, however, provide information about the distribution of outcomes across individual
households. For this. a more detailed consideration of individual moving behavior is nec-
essary (see Hanushek and Quigley, 1978; Weinberg et al.. 1979).

9. Note that {H:., - H,] = (H! - H] + [HL., - H]).

10. This would not be true if there were a significant housing price gradient in the
cities. However, in estimating hedonic housing price models. Merrill (1977) tests for equality
of coefficients between central city and suburban properties using a large sample of dwelling
units in these two metropolitan areas. For Piuisburgh, it is not possible to reject the
hypothesis of coefficient equality at the 5 percent level: for Phoenix, the hypothesis can
be rejected, although the standard error of estimate only changes slightly with stratification.
(See also note 14.) Independent analysis of the Pittsburgh area conducted for the NBER
Urban Simulation Model by Gregory Ingram provided no evidence of a housing price
gradient (reported in private correspondence).

11. Al households who had moved within 12 months of initial observation were assumed
to be in equilibrium. consistent with the assumed individual dynamics in note 8. above.
Note that at baseline no households receive subsidies. Therefore, all recently moving
households are used in this estimation regardless of subsequent treatment group assignment.
There are a total of 404 such households in Pittsburgh and 630 in Phoenix. Some of these
households subsequently received either constrained or unconstrained income subsidies
and are not included subsequently in the estimation of the dynamic models. Other house-
holds from the control group or “‘percent of rent’” subsidy group that had not recently
moved are included in the adjustment estimation but not in the equilibrium demand
estimation.

Implicitly. Muth (1971) and Polinsky and Ellwood (1979) make the same assumptions
about equilibrium demands since their estimates utilize data on newly purchased homes
and the behavior of recent movers.

12. Identification of equilibrium behavior on the basis of past moving behavior does
introduce the potential for bias through *selectivity™ effects. If some households intrin-
sically value housing more {in ways that are not captured by the parameterization of the
equilibrium demand relationships). we would expect them to adjust more rapidly to dis-
equitibrium in demand (holding constant adjusiment costs). This would imply that the
sample of recent movers would disproportionately sample **high demanders'* for housing.
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and the estimated income elasticities and other parameters would tend to be biased upward.
While estimation of the possible **selectivity bias'* might be possible through incorporation
of moving probabilities, it is difficult to do this in a completely satisfactory manner.

13.  Data were actually gathered at four different times by observing household infor-
mation 6 months after enrollment (that is, at t = 1), The empirical analysis reported below
was also conducted for the two 6-month periods 0 — 3, } — 1, and standard covariance
tests indicated no behavioral differences across these time periods. The results here are
reported for the two l-year periods; the results from the analysis of the shorter time
intervals are available upon request.

14. There is some empirical evidence on the relative magnitude of the reductions in
gross rent attributable to long-term occupancy. Kain and Quigley (1975) report small but
statistically significant discounts in the market rents of otherwise comparable dwelling
units attributable to longer occupancy (about 0.5 percent for each year of residence).
Schafer (1979) finds considerably larger discounts to long-term tenure in the Boston housing
market based upon the 1970 Public Use sample.

Tenure discounts were estimated in the Pittsburgh and Phoenix housing markets in an
analysis of hedonic prices conducted by Merrill (1977). In that study, log rent is regressed
upon a series of structure and quality measures of individual dwelling units and the length
of tenure of the occupying household. The regression coefficients. based on a sample of
1509 dwelling units in Pittsburgh and 1601 dwelling units in Phoenix. imply significant price
discounts for long-term residents. In Pittsburgh, the results indicate discounts of 2 percent
for households with 1-5 years of occupancy. increasing to 10 percent for households with
more than 10 years of occupancy. In Phoenix. the tenure discounts range from 4.4 percent
for households with 1-5 years of occupancy to 19 percent for households with more than
10 years of occupancy. These cocflicients permit housing consumption expenditures to be
normalized to the prices facing new occupants.

15. Households in the subsidy group received this percentage rent rebate regardless
of their subsequent housing market behavior. Further, the experimental payments were
actually received for a full year after the period examined here, so it is reasonable to
presume that the subsidy was not largely discounted because of the fixed duration of the
experiment.

In addition, about 1060 houscholds in Pittsburgh and Phoenix received various other
kinds of transfer payments under experimental housing allowance formulas which were
based upon income, family size, and certain restrictions on housing consumption. For
details, see Bradbury and Downs (1981). These households are not analyzed here.

Finally, since the experimental group is so small relative to the housing market as a
whole, there is no perceptible supply response. and the price elasticity is identified.

16. For Pheenix. the hypothesis of coefficient equality across time periods is rejected
in the simpler model at the S percent level. However, in the more complex model (Table
4), time period equality of coefficients is not rejected.

17. Since m = 0 for the contro! households. the relevant test is for equality of a and
¢ values across samples in each time period.

18. In estimating Equation (5). it must be recognized that = 0 for all houscholds at
the beginning of the experiment. Thus. for the first interval (0 — 1) the estimated model
15

H, = B[H; - Ho} + y[H} — H3} + yenH? + &H,
and for the second interval (1 — 2), the estimated model is
H: = BIHY ~ H\] + y[H! - H{] + ven[H! — H{] + BenH! + &H,.

As noted below, this difference in estimation form provides additional information about
the statistical properties of the model.
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19. The exact expressions for relative bias are not easily derived because of the large
number of parameters and the nonlinearities of the model. The measurement errors may
offer an additional explanation for the consistently smaller estimates of B compared with
Y.

20. Presumably, the rest of society is willing to provide this “inefficient”” subsidy only
because it has a direct interest in the housing consumption of low-income households.

21, The table illustrates the responsiveness of housing consumption to price subsidies
conditional upon alternative supply elasticities. These are obtained by substitution using
the uncompensated demand curve. Eatries in the table are 8¢ /(3 - ¢,), where & is the supply
elasticity and £, is the responsiveness of demand to price change after period <. (For
example, in the simple model, after one period. {, = ae and after full adjustment &, =
€.)
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