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PREFACE

This working note was prepared for the Office of Policy Develop-
ment and Research, U.S. Department of Housing and Urban Development (HUD).
It presents a plan for estimating hedonic indexes for housing service
in housing submarkets of Brown County, Wisconsin, and St. Joseph County,
Indiana, sites of the Housing Assistance Supply Experiment.

Hedonic indexes will be used to measure changes in the quantity
and price of housing service that occur in the experimental sites follow-
ing the introduction of housing allowances there. The techniqug is one
of three to be used for that purpose. The others are input accounting
and the estimation of housing service production functions.*

The hedonic index analysis plan was devised by C. Lance Barnett,
the author of this note. The draft plan was reviewed in detail by Ira
S. Lowry, who helped clarify some of the theoretical and empirical
issues with which it deals and contributed to the revision of its text.
Helpful suggestions were also received from John Enns, Kevin McCarthy,
Charles W. Noland, Daniel Relles, and C. Peter Rydell.

The successive drafts were tjped by Rachel Kuntz. Charlotte Cox
edited the typescript and supervised production of final copy.

This note was prepared pursuant to HUD Contract H-1789, Mod. 22,
Task 2.2.

*See Ira S. Lowry (ed.), General Design Report: First Draft, The
Rand Corporation, WN-8198-HUD, May 1973, Appendixes B (input accounting)
and C (production functions). For subsequent development of the latter
method, see C. Peter Rydell, Rental Housing in Site I: Characteristics
of the Capital Stock at Baseline, The Rand Corporation, WN-8978-HUD,
August 1975; and Measuring the Supply Response to Housing Allowances,
The Rand Corporation, P-5564-HUD, January 1976.
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SUMMARY

A major technical objective of the Housing Assistance Supply Ex-
periment is to measure the price elasticity of the supply of housing
services in housing markets and submarkets affected by the experimental
housing allowance program. The allowance program is expected to affect
both the quantity of housing service provided to consumers and the price
of that service. The ratio of program-induced quantity increases to
price increases (the price elasticity of supply) is a test of the ef-
ficiency of the program in meeting its housing objectives.

Because housing is a complex commodity and the flow of service
from it can be altered in many ways short of building or demolishing
dwellings, these quantity and price changes are not easily measured.
Three alternative methods of measurement are planned by HASE staff,
one of which is hedonic indexing.

Hedonic indexing of housing service is essentially a device for
reducing the separately measurable attributes of individual dwellings
(such as the number of rooms or the effectiveness of the heating system)
to a single quantity that reflects the market's consensus on the rela-
tive importance of the various attributes of each dwelling--i.e., their
market prices. Because attributes are traded only in bundles, their
separate market prices cannot be directly observed. Hedonic indexing
reveals implicit attribute prices by regressing housing rent on housing
attributes.

This working note presents a plan for using HASE survey data to
specify the attributes of housing that affect its flow of services and
to estimate the (price) coefficient of each attribute. It also explains
how these estimated prices can be used with additional survey data to
estimate changes in the quantity and price of housing service and how
the latter must be adjusted to compute a "behavioral" elasticity of
supply.

The choice of data base, the definition of relevant housing attri-
butes, the functional form of the index, and the statistical estimating
procedures are constrained on the one hand by the economic theory re-

quired to validate using a hedonic index to measure quantity and price
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changes, and on the other hand by the characteristics of the HASE data
base. 4

If the estimated coefficients of the index are to be interpreted
as implicit market prices, they must be estimated from cross-sectional
data for a housing submarket that is in equilibrium; and the housing
attributes with which they are associated must each be measured in a
unit of account such that the marginal prices per unit are equal over
the range of observed attribute values. The attributes that enter the
index should clearly contribute to the flow of housing service and should
be under the control of the supplier of the housing. Thus, they should
not include characteristics of either the supplier or consumer of the
housing or of the neighborhood in which it is located.

Housing rent, the dependent variable of the estimating equation,
is the annual cost to the occupant of a dwelling of the housing service
it provides, excluding its real estate taxes and location rent. Con-
sistent with the units of account in which attributes are measured, the
relationship between attribute quantities and housing rent should be
linear. The coefficients of the attributes can then be estimated by the
method of ordinary least squares (OLS) regression.

The presumptive data base for index estimation is one compiled from
baseline (preprogram) surveys of landlords, tenants, homeowners, and
residential buildings, subdivided by property characteristics that dis-
tinguish noncompeting submarkets. The attributes included in the index
will be chosen from the large number of housing descriptors available
from these surveys, each transformed by trial and error to appropriate
units of account. A method has been devised for estimating location
rent and excluding it from the dependent variable. The estimating equa-
tion will be tested for errors in specification that might bias the
parameter estimates.

Once baseline hedonic indexes have been estimated for each defined
submarket, they will be used with similar survey data for later years to
form conventional Laspeyres and Paasche quantity and price indexes. De~-
spite well-known ambiguities, these indexes can be used to measure changes
in the quantity and price of housing services for individual dwellings,

properties, or groups of properties.
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Estimates of the change in the price of housing service within a
submarket must be adjusted to net out the effects of changing costs of
production. HASE survey data and other sources provide the information
needed to form the appropriate production cost indexes. The ratio of
a change in the quantity of housing service provided by a residential
property to the accompanying change in producer's markup on factor costs
used in its production is very close to the behavioral measure of supply
response that we seek.

Several features of hedonic indexes for housing service make them
a promising tool for measuring the supply response to housing allowances.
In contrast to input accounting and production function estimation, he-
donic indexing leads to a measure of the flow of housing service in terms
of housing attributes as they are likely to be perceived by the consumers
of housing. They enable an analyst to distinguish different types of
change in the flow (e.g., better heating vs. more attractive landscap-
ing). They also reveal the market's consensus on the relative values of
the various attributes, enabling an analyst to calculate the marginal
effect on rent of a specified housing improvement.

Another advantage of hedonic indexing is that estimates of price
and quantity changes made by this method are less sensitive to survey
nonresponse than are the alternative methods. Once the coefficients of
the index have been estimated from a full data set, only observations on
rent and housing attributes are absolutely necessary to estimate price
and quantity changes. Moreover, observations for different years need
not encompass exactly the same sample of dwellings; any: probability
sample for a given year will serve.

Hedonic indexing also has major problems that could destroy its
usefulness for HASE. One is that the estimation of a valid index re-
quires data from a housing market that is in equilibrium, a condition
that may not be met in any year of the experiment. The second is that
the attributes of housing that should enter the index are not known
a priori, but must be found by searching the HASE data base. Erroneous
exclusion of an important attribute could seriously bias estimates of

price and quantity changes.
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I. TINTRODUCTION

A central purpose of the Housing Assistance Supply Experiment is
to measure the supply response to a fullscale housing allowance program
in a metropolitan housing market. The supply response to housing demand
created by the program is expected to include both an increase in the
quantity of housing service offered to consumers and an increase in the
price of that service. The ratio of these increases (the price elastic-
ity of supply) is a measure of the effectiveness of the program.

The quantity of housing service supplied to the market during a
given span of time is not easily measured, because housing service is
not a well-defined commodity. This working note describes a plan for
constructing a hedonic index of housing service that will enable me to
compare the quantities of service yielded by a dwelling or group of
dwellings at different times. If I succeed in constructing this index,
the remaining measurements and calculations needed to estimate the price
elasticity of supply are feasible.

Dwellings differ in both obvious and subtle ways, and they provide
a complex bundle of services to their occupants. A hedonic index of
housing service is essentially a device for capturing the distinctive
features of each dwelling unit and reducing them to a single quantity
that reflects the market's consensus on their relative importance.

To construct the hedonic index of housing service, I must first
describe the wide variety of dwellings available in the market in terms
of a manageably small number of attributes that are present in each
dwelling in varying but independently measurable quantities. (An ex-
ample of a relevant attribute might be the number of rooms in a dwelling
or the caloric output of its heating system.) Then I must discover a
strong statistical relationship between the attributes of different
dwellings and the amounts that consumers are willing to pay to occupy
them.

Such a relationship, if it exists, can usually be discovered by

regression analysis. For instance, rent can be regressed on housing



attributes for a sample of dwellings in a given housing market. The
regression coefficients may be interpreted as estimates of the prices
consumers in that market will pay for the individual attributes. Under
certain circumstances, such prices are economically meaningful weights
that can be used to aggregate the various attributes of different dwell-
ings into one-dimensional measures of the quantity of housing service
each provides. Thus, if the coefficient of "bedrooms" is 1 and the co-
efficient of "bathrooms" is 2, a house with three bedrooms and one bath
may be said to provide 5 units of housing service.

Although the illustration above is simple, constructing a valid
hedonic index and using it to measure changes in the supply of housing
services is not. The technique has both theoretical weaknesses and em-—
pirical problems. Griliches, a pioneer in the use of hedonic indexes,
notes that three practical questions must be addressed in any applica-

tion of the technique to a time series of expenditure data:

1. What is the appropriate form for the relationship between ex-
penditures for the indexed commodity and its attributes?

2. What are the relevant attributes of the commodity?

3. How can the index be used to decompose expenditure changes

into their price and quantity components?

Most builders of hedonic indexes have specified a semilogarithmic
relationship between expenditures and attributes, because it fits their
data better than tested alternatives and because this form is comsistent
with rising marginal costs of producing the attributes. At least for
housing service expenditures, I think that there is a strong theoretical
justification for a linear relationship and that the empirical findings
of other studies are consistent with this form.

The second question has usually been answered by regression analy-
sis, constrained by the characteristics of the available data and by

general intuitions about consumers' interests in various aspects of the

*
Zvi Griliches, Price Indexes and Quality Change, Harvard University
Press, Cambridge, Massachusetts, 1971.
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commodity in question. Attributes with statistically significant re-
gression coefficients are usually accepted as relevant and all others

as irrelevant. But unless an attribute is defined, measured, and tested,
its relevance is unknown.

As in other cases, my analysis will be restricted by the range of
attributes on which I have data, but I think there are important reasons
for excluding some variables that are available and have been used by
others. Among these are characteristics of consumers or producers, as
distinguished from characteristics of the commodity itself. Other vari-
ables that should be excluded from the index (but not ignored altogether)
are those describing services that benefit the occupants of a dwelling
but which are not directly controlled by the supplier of that housing.

Hedonic indexing has been more often used for cross—sectional than
for longitudinal comparisons. A special danger in longitudinal studies
is that attributes that do not vary cross-sectionally may vary longitud-
inally. If the relevant attributes are selected from a cross—sectional
data base--as I think they should be—--the invariant ones are likely to
be discarded because they lack statistical significance in the regression
analysis. I plan to be especially careful to search the data base for
such variables and to keep them in the index.

Finally, collinearity among the attributes is a frequent problem
that leads to selection of some and deletion of others, more or less
arbitrarily. 1If this problem is troublesome in my data base, I expect
to define composite attributes by factor analysis of directly measur-—
able ones and by related techniques.

The usual answer to Griliches' third question is to use the cross-
sectionally estimated attribute prices to form a Paasche or Laspeyres
quantity index, then to estimate the.price of a selected bundle of attri-
butes at different times or in different markets. Such indexes have
well-known ambiguities, more troublesome in some circumstances than in
others.* I think they are suitable for our purposes. An alternative

advocated by Court is to estimate the hedonic index from time series

* ' . . .
R.G.D. Allen, Index Numbers in Theory and Practice, Aldine Publish-
ing Co., Chicago, 1975.
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data, including a dummy variable for time to capture changes in the
price of the indexed commodity.* This method implicitly assumes that
the relative prices of the commodity's attributes are fixed over time,
an assumption that is not appealing for a market in which a housing
allowance program deliberately reshapes consumer choices by insisting
that the participants occupy housing some of whose attributes exceed
specified levels.

The comments above summarize the main features of my research
plan. The remainder of this note details and justifies them.

Section II explains why the elasticity of supply is a suitable
measure of the market response to housing allowance and how hedonic
indexing will be used along with two alternative methods to estimate
changes in the quantity of housing service supplied to the market over
the term of the Supply Experiment.

Section III presents the market theory that leads to a linear form
for the relationship between housing expenditures and the attributes of
dwellings. It also discusses the implications of this theory for appro-
priate kinds and groupings of data. Finally, it reviews three other
attempts to construct hedonic indexes for housing, commenting on their
methods and results as they relate to the present study.

Section IV describes how pertinent features of the HASE data base
will be organized to serve this study. Then it explains how housing
expenditures will be measured and how the variables to be tested as
"relevant attributes" of dwellings will be constructed.

Section V presents the plan for estimating the coefficients of the
hedonic index and explains how the estimating methods affect the inter-
pretation of those coefficients as attribute prices. This section also
proposes ways of testing the empirical relevance of the assumptions
underlying the theory of hedonic indexes.

Finally, Sec. VI shows how the index, once estimated, can be used
to measure changes in both the quantity and the price of housing ser-
vice over the term of the experiment, and how these measurements will

be used to estimate the elasticity of supply.

* 3
Andrew T. Court, "Hedonic Price Indexes with Automotive Examples,"”

in The Dynamies of Automobile Demand, General Motors Corporation, 1939,
pp. 99-117.
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II. MEASURING THE SUPPLY RESPONSE

The housing allowance program that is being tested in the Supply
Experiment offers monthly assistance payments to low-income renters and
homeowners on condition that they occupy housing that meets specified
standards of decency, safety, and sanitation. The amount of each
family's assistance is calculated to enable that family to afford the
full cost of such housing in the local market.

A major hypothesis to be tested by the experiment is that sup-
pliers of substandard housing to low-income families will improve that
housing in return for increased rents; and that homeowners, acting as
their own suppliers, will maintain or improve their homes to program
standards if aided by monthly cash transfers;*

To test this hypothesis, it is necessary to measure changes in the
flow and price of housing service that occur in the local market after
the allowance program begins. Because program participants are free to
move within the program's jurisdiction, because owners of rental property
(and perhaps speculators in homeowner properties) may undertake improve-
‘ments in anticipation of attracting program participants, and because
the program may affect housing prices for nonparticipants, the Supply
Experiment is gathering information on changes in a marketwide sample
of residential properties, not just those occupied by program partici-
pants.

The allowance program is expected to create demand for better hous-
ing by families formerly unable to afford it. Whether they can secure
better housing with the aid of their allowance depends on supply re-—
sponse. Increased housing expenditures by low-income families could in
principle cause the price of housing service to rise with no increase

in supply, or could cause an increase in the flow of housing service

*The allowance program does not provide capital for constructing
new homes or rehabilitating existing ones. It only provides assistance
that, added to the current flow of housing expenditures, should be ade-
quate to carry and amortize the capital investment necessary for pro-—
ducing housing services that meet program standards and for meeting
current expenses of household operation.
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with no increase in price; some intermediate result is more likely.

The efficiency of housing allowances as a tool for improving housing
for low-income families depends on the ratio of quantity increases to
price increases—-more exactly, on the price elasticity of supply, de-

fined (with generalized notation) as

B(S,P) = %P%% ) 2.1)

The reasons for choosing this measure are discussed at length else-
*
where. It is enough here to note that estimating the elasticity of
supply requires data on at least relative changes in both the quantity

of housing service and the price of housing service.

ESTIMATING CHANGES IN THE QUANTITY OF HOUSING SERVICE

Using data gathered in annual field surveys of residential proper-—
ties in our experimental sites, the staff of HASE has planned three
methods for calculating quantity and price changes, and thus the elas-

ticity of supply. All begin with a fundamental identity whose general

form is
R = PQ , (2.2)
where R = the annual cost of housing service to its consumer,
P = the price per unit of housing service consumed,
@ = the quantity of housing service consumed.

With qualifications discussed later, the variable on the lefthand
side of Eq. (2.2) is obtainable from survey responses. The product on
the righthand side can be decomposed analytically, given an empirical

measure of either P or Q. Here, the three planned methods diverge.

"See Ira S. Lowry (ed.), General Design Report: First Draft, The
Rand Corporation, WN-8198-HUD, May 1973, Sec. VI. The interpretation
of supply elasticity depends very much on the precise definitions of
quantities and prices, the intricacies of which are dealt with later in
this report.



Input Accounting

The first is an input-accounting method that assumes that the annual
quantity of housing service yielded by a residential property is pro-
portional to the constant—dollar value of all inputs that were used to
produce that service.*

Inputs are divided into four mutually exclusive categories—-land,
improvements, maintenance and repairs, and building services and opera-
tions. Using an appropriate price index to deflate annual expenditures
(or opportunity costs) for each input to a base year and summing these
deflated expenditures gives the constant-dollar value of the flow of
inputs. If this flow changes over time, it is inferred that the quantity
of housing service available to the occupants of the property has changed
proportionally.

Input accounting has two clear virtues as a method of quantity
measurement. One is that we can specify in advance all the items of
data needed to calculate expenditures on inputs for each property.
Another is that the sum of the deflated expenditures is a Laspeyres
quantity index whose mathematical and empirical properties are well
understood.** The clearest weakness of ‘this approach to measuring
quantity changes is the assumption that output changes proportionally

with total inputs, independently of their mix.

Transforming Inputs to Outputs

The second method we plan to use addresses this weakness. It en-—
tails using the same data to estimate the parameters of a production
function for housing service.*** Once fitted to cross-sectional data,
this function is used to transform measured inputs to estimated outputs
of housing service, taking into account shifting combinations of inputs

as well as total quantities.

*
For mathematical details of this approach, see Lowry, General
Design Report, Appendix B.

* ' .
See Allen, Index Numbers in Theory and Practice.

xkk%
See Lowry, General Design Report, Appendix C, for a general

discussion of the issues. Preliminary specification of the function
is reported in C. Peter Rydell, Rental Housing in Site I: Character-
isties of the Capital Stock at Baseline, The Rand Corporation, WN-
8978-HUD, August 1975.



Here, inputs for each residential property are divided into three
mutually ecclusive categories—-land, improvements, and all other. Sam-
ple data on input quantities and their costs are used to estimate the
parameters of the production function, which can be used to estimate
the quantity of housing service produced from observed combinations of
inputs. Although the data needed to fit the function are available, the
appropriate functional form is not derivable from theory but must be
ascertained empirically. Analysis to date indicates that a three-—factor
production function with constant elasticities of substitution among

*
the factors provides the best fit of all forms tested.

Hedonic Indexing

The third method is the one detailed in this note. It entails con-
structing a hedonic index for housing service by regressing a measure
of housing expenditures on housing attributes. The index is then used
to measure relative changes in the flow of service over time.

The method assumes that in cross-section, housing expenditures
measure the flows of housing service to the occupants of different
dwellings, and that such a flow is composed of componeht flows that are
systematically related to specific, measurable attributes of each dwel-
ling. Over time, changes in the attributes would thus change the flow
of service from the dwelling. The cross-sectional regression coeffi-
cients are weights that can be used to combine any set of measured
attributes into an estimate of the total flow of service from a given
dwelling, permitting comparisons of the quantitiesAof housing service
yielded by different dwellings in the same market, or by the same dwel-
ling at different times.

The strength of this approach is that the proxies used for the non-

observable flow of housing service are things that consumers perceive

"C. Peter Rydell, Measuring the Supply Response to Housing Allow-
ances, The Rand Corporation, P~5564, January 1976. This paper was pre-
sented at the twenty-second North American Meetings of the Regional
Science Association in Cambridge, Massachusetts, on 7 November 1975,
and is scheduled for publication by the association.
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directly in choosing their dwellings. Its weaknesses are that the full
set of relevant attributes cannot be specified on theoretical grounds

but must be identified by empirical search; that measures of attributes
tend to be clumsy and unreliable; and that their appropriate transforms

are not known a priori.

An Eclectic Strategy

The goal of all three methods described above is to estimate rela-

tive changes in the quantity of housing service that occur in our ex-
perimental sites after the introduction of the allowance program. Each
relies on different empirical assumptions, and the last uses different
data.

If all three methods produce similar estimates of change in the
quantity of housing service when they are applied to the same property
or set of properties, the credibility of each estimate is enhanced.

If the estimates disagree, then differences may be traced to the dif-
ferent assumptions or data used by the various methods and better

judgments can be made about which is the most reliable.

MEASURING THE ANNUAL COST OF HOUSING SERVICE

All three methods described above are addressed to the problem of

measuring the flow of housing service, and all require empirical obser-
vations on the payment for housing service. Housing studies differ in
their treatment of these concepts and in the methods used to measure
them. To forestall confusion, I define the concepts and measures that
will be used in this note. The concepts are consistent with those used
elsewhere in HASE publications, although the notation and our perceptions
of some of the details of measurement have shifted as we have worked with
the data from our experimental sites.

In this note, residential rent is defined as the annual cost of
occupying and operating a dwelling unit, regardless of the occupant's
tenure. For renters, this cost consists of explicit payments to the
landlord (contract rent), plus any additional payments made by the
tenant for fuel or utilities not included in contract rent. For home-

owners, the costs include all fuel and utility charges, insurance, real
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estate taxes, maintenance and repairs, mortgage interest payments, the
imputed interest on the homeowner's equity (an opportunity cost), and
the annual sum of real depreciation, less the annual amount (positive
or negative) of capital gains on the market value of the home.

Clearly, it is easier to obtain fairly exact information on resi-
dential rents for renters than for homeowners. In principle, though,
residential rents as defined here are empirically measurable for both
renters and homeowners, and our field surveys are designed to measure
them. We are thus able, for a sample of housing units in our experi-
mental sites, to track changes over time in residential rents and to
compare the rents associated with different dwellings.

Residential rents pay not only for specific services provided by
a dwelling but also for the convenience of its location, the desirability
of its surroundings, and the public services available to the residents
of the neighborhood. Benefits of the latter kind accrue to the occupant
of a given dwelling, but their flows cannot be controlled by the owner
of a residential property except in the sense that he can vary the number
of dwellings on it and therefore the number of households who share in
the floating benefits.

Without ignoring these additional benefits, I seek to measure changes
in the flow of hpusing service and relate them to the changes in its
price that motivate property owners to increase or decrease that flow.

The first step is to decompose the observable variable, residential rent,

as follows:

SR+ T (2.3)
Rg = Rh + 1t T .
where Eé = residential rent—-the annual cost of occupying and operating
- a dwelling,
*
R, = location-free housing rent—-the payment for the flow of

h *

housing service,

*
In other HASE documents, the symbol Ej has been used to mean hous-
ing rent, including location rent but excluding real estate taxes. An
asterisk is added here to avoid confusion.
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RZ = location rent--the payment to the property owner for the
benefits associated with the location of the dwelling,
T = real estate taxes on land and improvements.

Location-free housing rent (R;) is the quantity I propose to use
in this analysis of supply response; in hedonic index construction, it
is the variable to be regressed on housing attributes.

Location rent (HZ) accrues to the owner of a property and is re-
flected in the value of land, varying among neighborhoods according to
the market's consensus on their desirability. The attributes of neigh-
borhoods that differentiate them in this respect are appropriate sub-
jects for hedonic index construction but are not directly pertinent to
measuring the supply response to housing allowances.

Real estate taxes (T) have some characteristics of excise taxes
and some characteristics of benefit taxes (payments in return for public
services). But except for highly localized special assessments, the
owner of a residential property has no voice in the amount of public
service provided to his neighborhood; he cannot get more service by
offering to pay more taxes, any more than he can improve his neighbor-
hood's desirability by repairing the plumbing in his house.

In short, the housing expenditure that I propose to index consists
only of location-free housing rent, R;. The method used to isolate it
empirically from Rg is discussed in Sec. IV. First, it is necessary to
review the theoretical basis for constructing and interpreting hedonic

indexes of housing service.
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III. HEDONIC INDEXES IN THEORY AND PRACTICE

In a housing market, complex bundles of services are associated
with each structure. In principle, suppliers can vary most of the com-
ponents of these bundles independently, so that different housing units
may possess different bundles. But it is difficult for an observer to
determine whether or not one dwelling unit provides more housing service
than another and to judge whether or not the flow of service from a
given dwelling changes over time: The components of the bundles are hard
to define; the physical measures of the services they yield are not com-
mensurable; and different consumers may measure or evaluate them differ-—
ently. Hedonic indexing is a method for reducing this complex bundle
of services to a one-dimensional commodity--housing services—--which can
be measured in arbitrary but equal units of account.

This section first presents the theoretical basis for hedonic in-
dexing, linking it to generally accepted theories of markets and con-
sumer behavior. The section next details the empirical conditions
that affect the validity of a hedonic index and discusses their rele-—
vance to HASE data. Finally, it reviews three recent studies in which
hedonic indexes for housing are estimated and discusses their methods

.=

v A
and results.

THEORY OF HEDONIC INDEXES FOR HOUSING SERVICES

Legally, the occupant of a dwelling unit has the exclusive right

to "the use and enjoyment of the premises.'" This phrase describes
the economic benefits that accrﬁe to the consumer as a comnsequence of
his occupancy. As a consumer, he enjoys flows of service, paying, in
turn, a residential rent (see Sec. II) whose main component is housing
rent—-—-the payment for the flow of housing service.

The flow of housing service is composed of the services emitted
by or related to the features of the dwelling unit. These separate
flows cannot be directly observed or measured. We can only see elements

of the unit that may be physically necessary to produce a particular
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flow and we can only measure those attributes of each element that in-
tuition and experience suggest are associated with the economic benefits
of occupancy. This exposition uses the term housing element to desig-
nate a collection of physical features of the unit that serve some
specific purpose. (A roof keeps out the rain; a heating system keeps
the occupants warm.) A housing attribute is an operational measure or
descriptor that can reflect the flow of servicé from an element.

The table below gives examples of housing elements and three types

of attributes. Some attributes are physical measures, such as the number

Table

EXAMPLES OF HOUSING ATTRIBUTES THAT MAY AFFECT
THE FLOW OF HOUSING SERVICE

Unit or Method
Housing Element Housing Attribute of Measurement
Residential site Lot size Square feet
Development density Housing units per acre
Quality of landscaping Subjective rating
Residential building Building height Number of floors
Building size Number of units
Building materials Precoded list
State of repair Subjective rating
Housing unit: space Location in building Lowest floor
and layout Rooms in unit Number by type
Interior layout Subjective rating
Housing unit: condition Floors Subjective rating
of structural elements Door locks Subjective rating
Closet space Subjective rating
Interior decoration Subjective rating
Housing unit: air con- Type of heating system | Precoded list
ditioning system Thermostatic control Yes, no
Output Subjective rating
Housing unit: plumbing Full and half bathrooms| Number of each
system Condition of toilets Days out of service
Amount of hot water Subjective rating
Housing unit: electrical | Capacity vs. load Frequency of blown fuses
system Condition of switches Number inoperable
Convenience outlets Subjective rating
Housing unit: appliances | Refrigerator:
and furniture Existence Yes, no
Condition Subjective rating
Provided by landlord Yes, no
Housing unit: related Offstreet parking Yes, no
facilities and services | Laundry Yes, no

SOURCE: Abstracted from Appendix Table A-2.
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of rooms or the presence of a refrigerator. Some are indicators of the
efficiency of an element, given its quantity; these are '"condition" rat-
ings given by the occupant or a qualified observer. Special cases of
condition ratings are quality indexes, which are combinations of the
ratings for a given element. Clearly, this measurement system is make-
shift and can be verified only by statistical evidence that the chosen
elements and their attributes help to rank consumer preferences for one
dwelling over another.

The theory for hedonic indexing relies on the assumption that con-
sumers value the individual attributes of dwellings and seek those
dwellings that offer satisfying combinations of the attributes. It
also assumes that consumers have weakly separable utility functionms,
with the attributes of housing and its location constituting one branch
of that function, so that choices among the attributes can be discussed
independently of other consumption decisions.*

Although housing attributes are generally offered in bundles, the
suppliers can vary these bundles. Ordinary market transactions can thus
result in a market consensus on the price of each individual attribute,
even though the attributes are not traded separately. VThus, if two
dwellings differ only in one attribute, consumers who value that attri-
bute will bid more for the dwelling that has it than for the dwelling
that does not. The difference in the rents of the two dwellings is in
this case the marginal price of the attribute. In a market with a
large number of participants whose demand and supply schedules for the
attributes are stable, competition can clear the market for each attri-
bute individually and for all attributes jointly.

The ideal case occurs if the market for housing attributes is per-

fectly competitive and achieves equilibrium. Perfect competition implies

*For a discussion of separable utility functions and their implica-
tions for demand analysis, see Robert H. Strotz, '"The Empirical Implica-
tions of a Utility Tree," Econometrica, Vol. 25, 1957, pp. 269-280;
William M. Gorman, "Separable Utility and Aggregation,' Econometrica,
Vol. 27, 1959, pp. 469-481; and Steven M. Goldman and Hirofumi H. Uzawa,
"A Note on Separability in Demand Analysis," Econometrica, Vol. 32, 1964,
pp. 387-398.
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that the actions of a single participant cannot significantly affect
the prices of the attributes. Market equilibrium implies that all par-
ticipants face the same vector of attribute prices, which represent the
consensus of the market about the marginal rates of substitution between
each pair of attributes.

If these conditions hold in the housing market, the <th consumer
maximizes his utility by buying his preferred quantity of each housing
attribute at a fixed price per unit, other things being equal. The sum

*

of his expenditures for these attributes is Rht In vector notation,

the proposition is

%
Rhi = xiB S =1, eeey n, (3.1

*
where Rh

i the Zth consumer's housing rent,
x; = the (I X k) vector of attributes that the Zth consumer

receives,

B = the (k X 1) vector of equilibrium prices for the attributes,

7 = the number of consumers.

By assumption, Eq. (3.1) holds for all consumers, so that

T8, = Ye B - (3.2)

3 1
7 T
The equilibrium condition implies that

(B) =D, =1, ... k, 3.3
S ;(8) D;(B) 5 J

the market supply function for the jth attribute,

where Sj(B)
Dj(B)

the market demand function for the jth attribute.
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By definition, the housing rent of a dwelling unit equals the
product of the quantity of housing service emitted by that unit and
its price:

*

*
ni = Pning o (.4

R

where P;i = the location-~free price*of housing service for the Zth unit.
Under the equilibrium assumption, Phi becomes a market price, so that
its second subscript can be dropped. It is convenient to choose a unit
of measurement for th such that Ph = 1. Then, combining Egs. (3.1)
and (3.4) gives

* Ed
Ry, =P@y. =@ .=wxB, t=1, ...,m. (3.5)

In effect, Eq. (3.5) identifies the housing rent of a dwelling as a
measure (in arbitrary but equal units) of the quantity of housing ser-
vice it provides, and decomposes that quantity into the sum of the ob-
servable attribute quantities, each weighted by its market price.

If market conditions are such that Eq. (3.5) holds for all consumers,
then the vector of prices, B, is estimable from cross-sectional data for
a sample of housing units using ordinary least squares (OLS) regression.
The dependent variable in such a regression is housing rent, R;i; the
independent variables are the observed attributes, T Estimating the
unknown prices in Eq. (3.5) by OLS regression is appropriate because
that equation is linear in those prices.

At first glance, it may appear that an estimating method for simul-
taneous equations, such as two-stage least squares regression, is appro-
priate for Eq. (3.5), since the market participants determine the attribute
quantities and their prices simultaneously. Such an estimating method is
not necessary, however. First, most attribute quantities are predeter-
mined, in that at any given time the stock of existing housing is much
larger than the amount of new housing currently in production. Second,
Eq. (3.5) is the reduced form equation for the system of simultaneous
equations consisting of the supply and demand schedules for all market

participants.
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EMPIRICAL RELEVANCE OF THE ASSUMPTIONS

The relationship described above holds strictly for a market in

which an individual buyer can purchase any quantity of each attribute

at a fixed price per unit. Typically, this phenomenon is associated
with perfect competition and market equilibrium, conditions that are
seldom if ever exactly met in real markets. Minor departures from these
norms generally have little relevance for empirical work, although
serious departures can invalidate the theory presented here.

I do not know how well the housing markets to be analyzed by HASE
conform to the ideal conditions and I have no theory of hedonic indexes
that is applicable to imperfect or disequilibrated markets. However, I
can identify, a priori, some features of the markets we are studying that
imply departures from the ideal conditions. I also think the attempt to
estimate hedonic indexes for these markets can yield the information
necessary to assess the validity of the estimated attribute prices (see

Sec. V).

Perfect Competition

If the market for housing attributes is to be perfectly competitive,

several conditions must be met. Both the buyers and the sellers of
attributes must be numerous. Individual transactions must be small
relative to the total volume of transactions. Neither buyers nor sellers
can collude, Housing attributes must be homogeneous commodities. Both
buyers and sellers must have complete information and must exploit every
opportunity to increase utility and profits, respectively. And all
market participants must have access to the market on equal terms. The
most important conditions for the empirical work are the two that real
markets often fail to satisfy: that consumers and suppliers have com-—
plete information and that all have access to the market on equal terms.
Consumers are unlikely to have complete information because of the
cost of acquiring it. They learn about the prices of housing attributes
by searching the market. Comparing the rents of dwelling units that
provide similar bundles of attributes reveals, at least dimly, the prices
of the attributes; but only an extensive market search can reveal the
marginal prices of all attributes, Few consumers can afford such searches,

so discrepancies in the attribute prices across units are likely to occur.
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1f so, regression analysis yields estimates of the average rather
than of the marginal prices of the attributes. If the market satisfies
all other conditions for perfect competition, then this implication is
not particularly damaging, because in a perfectly competitive market
marginal prices equal average prices. Thus, the estimated attribute
prices should approximate the marginal prices that would exist if in-
formation were free.

It is unlikely that all consumers have access to the market on
equal terms. For example, racial discrimination that denies minority
households access to some neighborhoods may divide the market for housing
into submarkets.* The presence of such submarkets suggests that differ-
ent vectors of attribute prices may coexist in the market. If so, it
is necessary to estimate separate hedonic indexes for each submarket.

If perfect competition characterizes a submarket and it is in equilibrium,
then the attribute prices are parametric to participants in that sub-
market, and the linear form for the hedonic index specific to that sub-
market is appropriate, for the reasons given earlier.

There is a problem in using hedonic indexes when there are sub-—
markets. If the price of housing service is arbitrarily set to ome in
each submarket, it implies that a different metric is used in each to
measure the quantity of housing service, so that these quantities cannot
be directly compared. However, the reason for estimating this quantity
is to calculate the elasticity of supply for the submarket. Since an
elasticity is invariant to changes in the units of measurement, elastic-

ities are directly comparable between submarkets.

Market Equilibrium

The estimated attribute prices serve as weights for the attributes
used to construct Paasche and Laspeyres quantity indexes. The validity

of these weights depends on the assumption of market equilibrium, which

KN

“Housing submarkets may form for other reasons, such as if there
are groups of consumers with disjoint housing preferences or groups of
suppliers with distinct production technologies. The existence of sub-
markets for these reasons has the same implications for the analysis as
those indicated for the case of unequal access.
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implies that individuals face parametric prices for the attributes.
Strictly speaking, the data used to estimate these prices must be
cross—sectional and should be drawn from a market that is in equilibrium;
Our market data will derive from six years of surveys in each site.
Since the first wave of surveys is administered before the housing allow-
ance program begins, the baseline data may reflect a housing market that

is close to equilibrium. On the other hand, factors unrelated to the

o ale
"N

housing allowance may cause the market to be out of equilibrium.

The housing allowance program may disturb the housing market's
initial equilibrium. Muth estimates that a housing market adjusts to
demand changes by adding, filtering, or removing one-third of the d%i—
ference between the actual and equilibrium housing stock annually.*h"

If so, a market disturbed only by the allowance program would also be
close to equilibrium five years after the program begins. Thus, the
market is more likely to be in equilibrium during the baseline and the
sixth years than in the interval, while the allowance program is disturb-
ing the market.

The effects of the allowance program on the housing market depend
on the rate of enrollment and the impact of the allowance on housing
expenditures per family. Since enrollment occurs over a period of
months, the program's disequilibrating effect on the market may be small.
Thus, the market may also be close to equilibrium throughout the monitor-
‘ing period. However, at any time during our study, the market could be

disequilibrated by forces that are independent of the housing allowance

program.

RELATED STUDIES

Below, I review three attempts to use hedonic indexes for housing,

“See the next section for a discussion of the HASE data base and
its suitability for estimating attribute prices and constructing a
hedonic index.
""Section V discusses ways to test the assumption that the market
is in equilibrium.

k% . "o

Richard F. Muth, "The Demand for Non-Farm Housing," in The Demand

for Durable Goods, Arnold C. Harberger (ed.), University of Chicago Press,
Chicago, 1960.
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examining the types of data each analyst uses and the functional form
he chooses for the indexes. I also comment on the limitations of each
method as it applies to our purpose—-monitoring the supply response in

a single housing market.

Cross-Sectional Study of Two Metropolitan Submarkets

Kain and Quigley use a 1967 sample of approximately 1,500 dwelling
units in St. Louis, Missouri.* They partition their sample by the tenure
of the occupant, estimating separate indexes for rental and homeowner
units. After experimenting with several functional forms, they choose
a linear form for their rental index and a semilogarithmic form for their
homeowner index.** The dependent variable for the rental index is con-
tract rent; for the homeowner index, it is the natural logarithm of the
owner's estimate of the market value of his home. Their criterion for
these choices is the explanatory power of the fitted regression, as re-
flected in values of R2 for both regression equations that are slightly
greater than .70.

The most impressive aspect of their study is the wealth of data
important to constructing a hedonic index. There are 39 separate indi-
cators for each observation on neighborhood and parcel quality, which are
grouped into dwelling unit quality, structure and parcel quality, quality
of adjacent structures and parcels, and blockface quality. The data on
neighborhoods are needed to control for the effect of location on resi-
dential rents. The other data capture differences in the flows of ser-
vice from the elements of a dwelling unit. (Variables that record only
the presence or absence of an element poorly represent its efficiency as
a producer of services to the occupant.)

That Kain and Quigley choose the linear form for their index for
renters is consistent with the theory presented in the beginning of this
section. The reason the semilogarithmic form for their homeowner index

has greater explanatory power than the linear form I advocate may be a

% . ]

John Kain and John Quigley, '"Measuring the Value of Housing Quality,'
Journal of the American Statistical-Association, Vol. 65, 1970, pp. 532~
548. Their data come from a study by Alan M. Voorhees and Associates for

the St. Louis Community Renewal Program

EX 3 .
Typically, analysts use one of three functional forms for their

index: linear, semilogarithmic, or fully logarithmic.
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specification error in the dependent variable. This variable should

be the housing rent, commensurate with the flow of services provided by
the dwelling unit. The owner's estimate of the market value of his
home is an unbiased estimator of its market value* but a biased and in-
consistent estimator of his annual cost of housing, which increases less
than proportionally with the market value of a home.** Given this bias,
the natural logarithm of an owner's estimate of market value is a better
proxy for the annual cost of his housing than market value as reported.
Thus, Kain and Quigley's choice of a semilogarithmic form for the in-
dex in this case seems consistent with my argument that the correct
form for the index is linear.

Kain and Quigley cannot test how well or how poorly their hedonic
index measures temporal changes in the quantity or price of housing ser-
vice, because their data are only cross-sectional. However, their
estimates of the attribute prices seem reasonmable and their ability to

explain a large proportion of the variance in each dependent variable

is encouraging.

Nationwide Study of New Housing

An article by John C. Musgrave presents valuable evidence on the
Tkk
ability of a hedonic index to measure price changes over time. He

uses data on a sample of new single-family dwelling units sold nation-—

wide between 1963 and 1967, with approximately 7,500 observations in each

annual sample.

The dependent variable is the actual sale price of each new unit.

N

Fekkdk
Musgrave finds that a linear model fits his data best, but he

“See Leslie Kish and John B. Lansing, "Response Errors in Estimat-
ing the Value of Homes," Journal of the American Statistical Assoctationm,
Vol. 49, 1954, pp. 520-538. They find owners' estimates to be unbiased
but inefficient estimators of market value.

%k
Frank de Leeuw, ""The Demand for Housing: A Review of the Cross-

Section Evidence," Review of Economics and Statistics, Vol. 53, 1971,
pp. 1-10.

LIPS
AR

John C. Musgrave, "The Measurement of Price Changes in Construc-
tion," Journal of the American Statistical Association, Vol. 64, 1969,

pp. 771-786.
kkkk .
His sample contains only new homes, which reduces the divergence,

except for a constant of proportionality, between the actual sales price
and the annual cost of ownership.
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estimates each annual relationship using several overlapping sets of
independent variables, which generally include the number of interior
square feet, the number of bathrooms, the geographic location (he par-—
titions the U.S. into 12 regions), and whether or not the unit is
located within a Standard Metropolitan Statistical Area. The value of
R2 for almost every set of independent variables is approximately .70,
the same value Kain and Quigley report.

Using the estimated attribute prices as weights for a fixed vector
of housing attributes, Musgrave constructs ten price indexes, varying
the form (e.g., Paasche vs. Laspeyres) and the fixed vector of attributes.
His hedonic index is robust over all these variations. In each case, he
sets the value of the index to 100 in 1963. 1In 1967, the values of the
indexes range from 110.2 to 110.8, implying a 10-percent change in the
price of housing. The census index for 1967, with 1963 = 100, is 110.3;
the Boeckh index is 117.4 (1963 = 100).* The Boeckh index has a higher
value because it uses wage rates and materials prices weighted by their
importance in the cost of construction. This type of index does not
allow for productivity increases, giving it an upward bias.**

Musgrave has no information on the characteristics of the neighbor-
hoods in which his sample units are located. Because the observations
are only on new dwelling units and because most new construction occurs
in suburban areas that are likely to be similar, there may be little
variance in neighborhood attributes within his sample. If so, then
the constant term captures the effect of the neighborhood characteristics.
If not, then the included variables act as proxies for the excluded
neighborhood characteristics. It is reasonable to presume that this
proxy relationship is relatively stable during the five years covered

by his study.

* - .
U.S. Bureau of the Census, Value of New Construction Put in Place,
1962-66, Construction Reports C30-665, 1967. This report also discusses

the components and computation of the Boeckh index.
*%
See National Bureau of Economic Research, Price Statistics Review

Committee, The Price Statistics of the Federal Governmment, a report to
the Office of Statistical Standards, Bureau of the Budget, 1961. This
report is often called the "Stigler Committee" report.
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Ten-City Sample of Rental Units

Work by Gillingham indicates to what extent a hedonic index can
measure cross-sectional differences in the prices of existing rental
*
units. He uses 1961 data on a sample of apartments in multiple dwell-

ings in ten major cities; sample sizes range from approximately 250 to

O N
AR

1,000 observations. He chooses a semilogarithmic form, which provides
a better fit and displays less heteroskedasticity than a linear form.***
The set of independent variables is not large: number of rooms, age of
unit, number of bathrooms, type of heating systems, and a set that de-
scribes the census block where the unit is located. The signs and the
sizes of the estimated attribute prices are with few exceptions reason-—
able. The value of Rz is generally close to .70, ranging from .58 to .82.
Gillingham forms a Laspeyres price index for each city, using the
estimated attribute prices for the city as base prices and those of the
other cities as reference prices. The results are mixed. Although the
ranking of cities by price level is not consistent when the base city
is changed, the indexes display a limited transitivity. Detroit and
Baltimore each receive nine of ten votes as one of the three least ex-
pensive cities. Los Angeles, Washington, and Chicago receive seven,

seven, and six votes respectively as one of the three most expensive

cities.

Implications for Hedonic Indexing in the Supply Experiment

Although each paper discussed above develops hedonic indexes using
estimated attribute prices that appear reasonable, each fails to recog-
nize that its chosen sample may contain dwelling units drawn from dis-

tinct submarkets. The samples used by Kain and Quigley and by Gillingham

"Robert Gillingham, "Place to Place Rent Comparisomns,' Annals of
Economic and Soctial Measurement, Vol. &4, 1975, pp. 153-174.

s

A*The cities are Chicago, Los Angeles, Detroit, Boston, Pittsburgh,
Cleveland, Washington, Baltimore, St. Louis, and San Francisco. The

data base comes from the Comprehensive Housing Unit Survey of the Bureau
of Labor Statistics and from the 1960 census. See U.S. Bureau of Labor
Statistics, Three Standards of Living for an Urban Family of Four Persons,

Bulletin 1570-5, Spring 1967.
*hk
Heteroskedasticity affects the efficiency of the index.
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mix units located in a variety of urban and suburban neighborhoods.
Musgrave's nationwide survey almost certainly consists of congeries of
submarkets, because housing markets in different metropolitan areas are
independent. Thus, each study may have incorrectly aggregated submarkets
for which hedonic indexes should be estimated separately. The failure to
distinguish submarkets when estimating attribute prices produces esti-
mates that are weighted averages of the attribute prices of the indi-
vidual submarkets. However, the interdependence of a set of regression
coefficients makes it hard to determine the effects of such an error

on the estimates and the hedonic indexes constructed with them.

The indexes that Musgrave and Gillingham build suffer from a second
defect: Neither has independent variables that reflect differences be-
tween dwelling units in the flow of services provided by a broadly de-
fined structural element. The effect of this specification error is
smaller for Musgrave's estimated attribute prices than for Gillingham's,
because Musgrave's sample contains only new housing. However, Gillingham's
sample contains units that were recently built and others that are more
than 40 years old. It is reasonable to assume that the attribute flows
vary inversely with age, given that almost all units deteriorate with
time. If so, these flows should vary within each of Gillingham's sam-—
ples. But his specification forces each flow to be the same, which
should bias the estimates of the attribute prices.

Because the effects of the specification errors in these papers
are unknown, they provide little guidance for the present analysis.
Nonetheless, they represent the best empirical work now available on
the use of hedonic indexing for housing.

The HASE data base, however, should lead to a better index. First,
it contains much more information than any previous study on the attri-
butes of individual dwellings. Because these attributes determine the
quantity of service a dwelling yields, monitoring the market response
requires variables that accurately capture changes and differences in
these attributes.

Second, the HASE data base provides detailed information on the
characteristics of the suppliers and consumers of housing, which is
necessary to identify submarkets that may react differently to the hous-

ing allowance program. To describe the policy-relevant dimensions of
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the market response requires identifying the submarkets and construct-
ing a separate index for each.

Finally, the HASE data base furnishes the information on a unit's
location that is necessary to decompose residential rent into housing
rents, location rents, and real estate taxes. Since we want to measure
changes in the price and quantity of housing service, this decomposition

is essential.
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IV. SELECTING THE VARIABLES

Formally, a hedonic index for housing service is a regression of
the cost of housing service to its consumer on the attributes of the
dwelling that produces this service. I plan to fit such indexes to
baseline samples of housing units surveyed by the Supply Experiment.

The plan is naturally constrained by the characteristics of the survey
data that are available.

This section explains the structure of the baseline data and how
they will be organized for index estimation. Then, the theory of hedonic
indexes that was explained in Sec. IIT is used to derive a set of rules
governing the selection of variables from among the large number that
are available. Applying these rules, I specify a preliminary list of
variables, not all of which will be finally used. Then, I discuss
various transformations on the raw data that may be needed to create
variables that are properly specified for index estimation. Finally,

1 comment on data problems that may arise later, when the indexes fitted

to baseline data are used in time series analysis.

THE DATA BASE

The HASE data base has the same structure for both experimental

sites. It is a time series of observations on a marketwide probability
sample of residential properties, each consisting of a tax parcel whose
boundaries are well defined and rarely change. These properties are
stratified by location (urban, rural), by occupants' tenure (rental,
ownership), by value (average gross rent per unit for rental properties,
estimated market value for ownership properties), and by number of dwell-

ing units on the property (1, 2 to 4, and 5 or more). Properties

*See Timothy M. Corcoran, Sampling Nonresidential Properties:
Site I, The Rand Corporation, WN-8623-HUD, March 1974; Daniel A. Relles,
Selecting the Baseline Sample of Residential Properties: Site II, The
Rand Corporation, WN-9027-HUD, October 1975; and Ira S. Lowry, Monitoring
the Experiment: An Update of Sec. IV of the General Design Report, The
Rand Corporation, WN-9051-HUD, April 1975.
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selected at baseline were empaneled and each is to be surveyed annually
for five years, yielding a total of six observatioms. The annual survey
schedule includes a survey of landlords, a survey of tenants and home-
owners, and a survey of residential buildings. In addition, we collect
information on neighborhood characteristics on a 30-month cycle.

The first wave of surveys was administered in each site before the
housing allowance program began. These baseline surveys provide a bench-
mark against which to compare the effects of that program. The planned
length of the monitoring period reflects our judgment that up to five
years may elapse before the effects of the program work their way through
the housing market.

None of these surveys is specifically designed to provide data for
a hedonic index of housing services, but it is possible to build a suit-
able data base by drawing subsets of data from each survey. 1 limit
the following discussions of the individual surveys to aspects germane

to this purpose.

Survey of Landlords

The landlord survey, which is administered to the owner of each
sampled property containing at least one rental unit, elicits several
kinds of data useful for hedonic indexing. The landlord provides a com-
plete description of the property: the number of dwelling units on it,
their distribution by size, and the average contract rent for units of
each size; present and past uses of the property; and the age of the
main building.*

We also obtain detailed information from the landlord on the reve-
nues and expenditures associated with his property during the year pre-
ceding the survey. The revenue relevant to hedonic indexing is the
contract rent for each residential or commercial unit. The relevant
expense is the real estate tax bill for the property. Contract rents

£
for individual units can be used to allocate the tax bill among units.

“In other studies of housing prices, age is generally a significant
variable because it is a proxy for the overall condition of the unit and,
in some markets, other factors such as architectural style.

*%

See pp. 32-38 for the details.
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Finally, the survey elicits the landlord's perceptions of his
tenants and of the residential environment of his properties, which are

important for the reasons given below.

Survey of Tenants and Homeowners

The survey of tenants and homeowners provides three clusters of
information. The first is a detailed description by the respondent of
each sampled unit and the building in which it is located. The unit
description includes the number and types of rooms; the characteristics
and condition of the heating and plumbing systems; the types of appli-
ances and their condition; the availability of off-street parking and
other related services provided by the landlord; the number of floors
in the unit; the condition of the windows, walls, floors, and ceilings;
and the overall condition of the unit. This cluster is the major source
of data for comstructing the attributes of the unit's interior.

The second cluster details the respondent's perceptions of his
neighborhood. A unit's location rent, which affects its residential
rent, is a function of its locational attributes. If members of
the community agree that one neighborhood is a better place to live
than another, then the housing in the former will be more expensive.*

The third cluster of data from this survey details the occupant's
housing expenditures that are needed to estimate his residential rent
(annual cost of occupying his home). The survey elicits from each
tenant his contract rent and any special comsiderations that affect it,
such as rent reductions because of work performed for the landlord.
Each homeowner reports on the terms of any outstanding mortgages, the
amount of his real estate taxes, and when he acquired the property.

For both tenants and homeowners, the survey reports utility expenditures

and the occupant's expenditures for repairs or improvements to the unit.

Survey of Residential Buildings

A trained fieldworker inspects each residential building on each

sampled property and reports on the building's configuration, its

* I3
How to estimate the locational rent of a unit using such factors
as perceived neighborhood quality is explained on pp. 35-38.
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exterior materials and state of repair, its interior public area (if
any), and its immediate neighborhood. He rates the condition of all
major structural components (e.g., roof, windows, walls, foundationms,
and doors) and evaluates the overall cleanliness, attractiveness, and
landscaping of the property. He compares the quality, age, and size
of each building with others in the neighborhood. The characteristics
of the immediate neighborhood that he records include its land use
patterns, the amount of vehicular traffic, the amount of litter, the
condition of streets, and the presence of abandoned buildings.

The survey of residential buildings is our most detailed source
of information on the attributes associated with the exterior elements
of the dwelling unit. In addition, reports by trained observers who
survey many properties should help objectify responses from the owners
and occupants of individual properties to questions about the same fea-
tures of their homes and neighborhoods. If a landlord, a tenant, and a
trained fieldworker agree on the quality of a building or a neighbor-
hood, their agreement should reflect a general comsensus on these
matters. If their responses disagree, then averaging them may produce

a less subjective variable.

Survey of Neighborhoods

Each site is divided into mutually exclusive and residentially
homogeneous neighborhoods. There are 108 such neighborhoods in Brown
County and 86 in St. Joseph County. Local public records are used to
compile facts about each neighborhood, including its land use pattermns,
access to public and private services, miles and types of roads, pre-
sence and uses of waterways, and noise and air pollution. Such data
are needed to determine location rents. Since the purpose of hedonic
indexing is to measure changes in the quantity and price of housing

service, separating location rent from housing rent is essential.

Linking Data from the Surveys

The units of observation differ between these surveys. The aprop-

priate unit of observation for the index is the individual dwelling
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unit, because it is the unit of transaction between the buyers and
sellers of housing. To form a data base for estimating the attribute
prices, I must link data from each survey to individual dwelling units.

For each site, I shall partition the sample by tenure, construct-
ing two data bases: one for rental units, the other for ownership
units. There are two reasons for this partition. First, the prices
of the attributes of each type of housing unit are determined by dif-
ferent processes. The interactions of the suppliers (the landlords)
and the consumers (the renters) determine the attribute prices for
rental units, but homeowners act simultaneously as suppliers and con-
sumers. Second, when families buy homes, they maké both consumption
and investment decisions, and the two perspectives can imply different
evaluations of a given housing attribute, which must be reconciled.
Renters do not face this problem.

A record for a rental dwelling unit will have four parts. The
first is data obtained from the tenant of the unit. The second is data
obtained from the landlord. A given landlord interview may be associated
with more than one unit in the sample, because the sample includes multi-
unit properties. The third part is the residential building report for
the building in which the sampled unit is located. Two or more dwell-
ing units may be in the same building, so a given residential building
report may be associated with several units. The final part of a record
is drawn from the survey record for the neighborhood in which the unit
is located. Obviously, several units can be in the same neighborhood
and thus can be associated with the same neighborhood survey record.

The structure of the record for an ownership unit is similar to
the one for a rental unit, except that there is no landlord survey for
an ownership unit. Since these units are almost always detached single-
family houses, each residential building report should be associated
with only one dwelling unit in the ownership sample., Like rental units,
several ownership units can be in the same neighborhood and can be
associated with the same neighborhood record.

The preceding discussion indicates that each annual survey wave
provides enough information to estimate the attribute prices, but it

does not indicate the size of the data base for each site. In Site I,
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our baseline sample contained 3,044 rental properties (6,266 rental
units) and 1,282 ownership properties (1,289 ownership units).* Because
we did not interview the occupants of each dwelling unit in the baseline
sample and because some occupants that we attempted to interview did
not complete our questionnaires, the number of dwelling units that have
usable data is smaller than the number in the sample. For Site I, we
obtained 2,835 field-complete records for rental units and 886 for
ownership unlts.L* However, we do not have completed landlord inter-
views for all rental properties on which there were responsive tenants.
The number of records complete for both landlords and tenants is approx-
imately the number forming the permanent panel: 1,294 rental properties
(2,561 rental dwelling units) and 613 ownership properties (614 owner—'
ship units).***

For Site II, the baseline sample list contains 2,797 rental proper-
ties (5,321 units) and 703 ownership properties.**** There are 2,158
field-complete records for occupants of rental units and 595 such records
for occupants of ownership units.+ The permanent panel for this site
contains 1,405 rental properties (2,806 units) and 567 ownership units
(617 units).++

I have begun to form the data base for estimating a baseline hedonic
index for Site I. At present, it contains 2,172 records for rental units
and 878 records for ownership units. I expect the Site II analysis will
use slightly smaller samples, because both the baseline sample and per-
manent panel are smaller there.

* - - .
See Tiina Repnau, Characteristics of the Residential Baseline Sur-

vey Samples for Site I, The Rand Corporation, WN-8682~HUD, May 1974.

“See Larry Helbers, Audit Report for the Site I Surveys of Residen-
tial Households, The Rand Corporation, WN-9229-HUD, forthcoming.

Kok
See Tiina Repnau, Description of the Site I Panel, The Rand Cor-
poration, WN-9575-HUD, forthcoming.

KRRK

“See Relles, Selecting the Baseline Sample of Residential
Properties.

+Ben Zycher, Auditing the Baseline Survey of Tenants and Home-
owners: Site II, The Rand Corporation, WN-9576~HUD, forthcoming.

TTSee Timothy M. Corcoran, Selecting the Permanent Panel for
Residential Properties: Site II, The Rand Corporation, WN-9577-HUD,
forthcoming.
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ESTIMATING HOUSING RENT

Housing rent is the payment for the quantity of housing service
a dwelling unit provides; as explained in Sec. II, it is part of
residential rent. The discussion below shows how to construct the
residential rent of a unit from survey data and how to isolate the

housing rent part.

Calculating Residential Rent

The residential rent of a dwelling unit is the annual cost of
occupying and operating a dwelling unit, regardless of the occupant's
tenure; it depends on the location and housing rent of the unit, :and
on the real estate tax paid on the unit.

The residential rent for a rental unit is the sum of its annual
contract rent, the tenant's annual expenses for utilities (gas, elec-
tricity, fuel oil, water, and rubbish removal), and his annual expenses
(cash and noncash) for repairs. The survey of temants provides data
on each of these expenditures.

The residential rent for an ownership unit is harder to obtain;
it has more components than that for a rental unit, and some components
must be estimated. The annual cost of ownership is the sum of the annual
costs for all utilities, real estate taxes, mortgage interest payments,
the imputed interest on owner's equity (the opportunity cost of holding
an asset that does not yield a current cash flow), maintenance and re-
pair costs, insurance, and annual depreciation, less annual capital gains
(plus or minus) in the market value of the home. The first three items
are elicited by the survey of homeowners. Computing the remaining items
requires some estimating.

The opportunity cost can be calculated by multiplying the mortgage
interest rate by an estimate of the owner's equity in his home. That
equity is the difference between the current market value of the home
and the unpaid balance of the mortgage. The survey of homeowners elicits
the owner's estimate of the market value of his home and enough informa-
tion about his mortgage so that the unpaid balance can be calculated.

The owner's equity can be estimated by taking the difference of these

figures.
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Using actual maintenance and insurance expenditures to compute
the annual cost of housing can distort it, because maintenance is a
stochastic event and because not every homeowner insures his dwelling.
I plan to use expected rather than actual values.

Maintenance costs for a dwelling vary systematically with its age.*
Therefore, regression analysis can be used to estimate the expected cost,
which can then be substituted for reported maintenance expenditures.

For insurance, I shall compute a self-insurance premium for each
homeowner, using his estimate of market value to determine the amount
of the policy and insurance schedules from all major local underwriters.

Both annual depreciation and annual capital gains affect the market
value of a home, generally in opposite directions. Only their net effect
is important for calculating the homeowner's residential rent. This ef-

fect can be estimated by taking the difference of the owner's estimates

sk
N

of the market value of his home at the beginning and end of the year.

Decomposing Residential Rent

The decomposition of residential rent requires two steps. First,
real estate taxes are deducted from residential rent, then the residual
is divided between location-free housing rent and location rent.

The first step is straightforward. The real estate taxes paid on
a single-unit property are provided directly by the survey data, so that

the calculation is simply
R =R -T, (4.1)
where Rn = net residential rent,

R
g
T

residential rent whose calculation is described above,

]

real estate taxes assessed against the property.

For multiunit properties, the tax bill must be apportioned among

the units on that property. I propose to treat real estate taxes as

“See Rydell, Rental Housing in Site I.
*%

~

Estimating the net effect requires two waves of data. Since the
search for errors in time series specification also requires two waves
of data, this requirement is not unduly restricting. Note that the
net effect can also be estimated by assuming that the rate of change

of the market value of each ownership unit equals the same comnstant.
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an excise tax on housing consumption and allocate them in proportion

to residential rent:

R .=PR . (1-1¢t) and (4.2)
ni gt
p=——L (4.3)
m
) R_.
i=1 9I*

%
where the subscript 7 indexes the m residential units on the property.

Net residential rent pays both for the quantity of housing service
and for the benefits of the property's location. To separate these pay-
ments, I propose to estimate both a linear and a multiplicative specifi-
cation and choose the more efficient of the two.

The linear specification is

le = ”4;3 + & (yiy) e (4.4)
where x. = a (I x k) vector of housing attributes for the Zth dwelling,
B =a (k x 1) vector of housing attribute prices,
y; = a (1 X g) vector of locational attributes for the Zth dwelling,
2, = square feet of land per dwelling on the property containing
the <th dwelling,
Y = a (g X 1) vector of locational attribute prices,
€;=a random error term.

The first term on the right side of Eq. (4.4) is the housing rent
of the Zth unit, and the second term is its location rent. Land area
per dwelling is included in the second term because dwellings using
more land pay more for the same locational benefits. Related measures

such as square feet of floor space and square feet of private outdoor

*For the few properties with both residential and commercial units,
both must be included, since taxes are assessed against the total value
of land and improvements. For commercial units on residential properties,
our surveys provide data on contract rent, which I will use as a proxy

for F ..
gt
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space will also be included as elements of the vector of housing ser-
vice, reflecting the use of space by the occupant.
*
An alternative specification that has been used by others treats

the effects of location as a markup on the location-free housing rent:

*
R .=N.R, ., (4.5)
nt 7 hi

where N. = N, (yi), an unknown function of the locational attributes

of the Zth dwelling,
R .
nt
RZi = housing rent, excluding location rent.

]

net residential rent,

Clearly, given a value of Ni for each unit, Eq. (4.5) can be solved for

R*
hi®

unit. Let

I can use regression analysis to estimate the value of Ni for each

=
I

exp( yia) » and

(4.6)

=
i

i = exp(xié) >

where a,8 are vectors of unknown coefficients. Then, substitute Eq.
(4.6) into Eq. (4.5), take the natural logarithm of both sides of the

resulting expression and add a random error term (Vi) to obtain

= .7
(R ) =y.o+x.8+V, . (4.7)

Equation (4.7) is a regression equation that can be used to esti-
mate the markup factor. Variables representing the housing attributes
of the unit are included because these attributes and the unit's loca-
tional characteristics may covary. If they do, excluding the unit's
housing attributes would force the location variables to serve as
proxies for housing attributes, possibly biasing the estimated markup

factor and the associated estimate of its housing rent.

ASee, for example, Richard F. Muth, Cities and Housing, University
of Chicago Press, Chicago, 1969, pp. 17-63.
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The estimator for the markup factor is

N, = exply.al , (4.8)

where a is a (g x 1) vector of OLS estimates. This estimate is then

used to calculate housing rent:

R = (4.9)

These two methods of estimating a unit's housing rent have dif-
ferent implications for the specification search that identifies the
relevant attributes and for the distribution of estimated housing rent.
If the linear form, Eq. (4.4), is used, the unit's location rent and
attribute prices can be estimated simultaneously in one equation, and
the estimated housing rents should be normally distributed. If the
semilogarithmic form, Eq. (4.7), is used, the specification search for
the relevant attributes of housing requires two steps, and the esti-
mated housing rents should have a lognormal distribution.

Equation (4.7) estimates the markup factor for each unit, using
housing attributes to control for the differences in housing rents be-
tween units. The second step, Eq. (4.9), uses the estimated markup
factor for each unit to calculate its housing rent, which is the appro-
priate dependent variable for identifying the relevant attributes of
housing. Thus, before the relevant attributes are identified, they must
be included in Eq. (4.7). This apparent circularity can be broken by
first extracting a set of principal components* from the variance-
covariance matrix of variables that are candidates for the relevant
attributes, and then using these components in Eq. (4.7) to control
for the effect of a unit's housing rent on its net residential rent.

As noted, housing rents estimated by the second method will have
a lognormal distribution. If they are then used as the dependent vari-

able in a linear regression that estimates housing attribute prices,

ole

-~ .

The use of principal components analysis in a similar situation
is discussed below.
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the estimated prices will be unbiased. But because the regression
equation may be heteroskedastic, the estimated prices may not have
minimum variances. I plan to test for heteroskedasticity and make the
necessary corrections.*

Appendix Table A-1 lists the variables available from our surveys
that represent a unit's locational attributes and may affect its loca-
tion rent. Some variables describe the HASE neighborhood as a whole,
others the blockface on which the unit is located. My plan for select-—
ing and transforming location variables is similar to the one discussed
below in connection with the attributes of housing. The exception is
that none of the locational attributes in Table A-1 are arguments of

the landlord's supply functions, because individual landlords are un-

able to affect most locational attributes.

CHOOSING THE RELEVANT HOUSING ATTRIBUTES

A unit's housing rent pays for the housing service the occupant
receives. This quantity is a composite of the services that the ele-
ments (i.e., physical features) of the unit provide. 1In general, these
separate services are not measurable by direct observation. Instead,
it is necessary to use operational measures or descriptors that can
reflect the flow of service from an element of the unit. I use the term
housing attributes to designate such measures and descriptors.

Section III identifies three broad classes of attributes. The
first class contains variables for cardinal measures of housing fea-
tures. Including only these variables in the index would imply that
they completely determine the flow of service. Ordinal ratings of the
condition of each housing element form a second class. These ratings
imply a flow of service that can vary independently of the amounts of
an element. Special aggregates of the condition ratings compose the
third class.

The purpose of the hedonic index is to compress all these attributes
into a single variable--the quantity of housing service. A well-known

difficulty in calibrating a hedonic index is that of choosing the set

* .
See Sec. V. A regression equation is said to be heteroskedastic
when its error terms are not identically distributed.
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of attributes to include in the index. The theory presented in Sec.
III provides three criteria for the choices.

First, because the prices of the attributes are determined by the
interaction of suppliers and consumers, they must be arguments both of
the consumers' utility functions and the suppliers' production func-
tions. Second, the linear relationship between housing attributes and
the quantity of housing service is the reduced form of a system of
simultaneous equations consisting of individual supply and demand func—
tions. To avoid estimating these underlying equations, the index should
not include any variables that identify them, such as the occupant's
income or the landlord's wage rate. Third, the units of measurement
for each attribute should yield a constant price per unit, because this
price is estimated using ordinary least squares and because in a per-
fectly competitive market it does not vary with the size of transaction.

A relevant attribute is one that satisfies the criteria listed
above and whose estimated price exceeds its standard error. Thus it
has a statistically significant effect on housing rent.

I use one standard error rather than the traditional two as the
critical value for judging statistical significance, first because the
relevant attributes are likely to be collinear. If so, the usual test
of significance is biased towards zero, increasing the probability of
incorrectly excluding a relevant attribute from the index. Second, in-
cluding all and only those attributes whose estimated prices exceed their

standard errors minimizes the standard error of the estimate and re-

duces the prediction error for the index.** Since the estimated attribute
prices will be used to predict the change in the quantity of housing ser-
vice over time, it is reasonable to minimize the error of that prediction.
Appendix Table A-2 is a list of candidate attributes. They are
grouped by the housing elements—-major physical features of the unit——

to which they pertain. The table also shows the range of values recorded

o,

“This standard error is essentially the sum of the squared dif-
ferences between the actual and estimated values of the dependent vari-
ables. 1In the present context, it indicates the ability of the set of
relevant attributes to measure the quantity of housing service.

""See Yoel Haitovsky, "A Note on the Maximization of ﬁg," The Amer-
tean Statistician, Vol. 23, 1969, pp. 20-21, for a proof of this
assertation.



~39-

in the source for each variable and identifies that source.* Some of
the variables are binary (whether an attribute is present or absent);
others are discrete or continuous quantities; but most of them are con—
dition ratings scored on three- to five-point scales.**

The variables listed in Table A-2 are simple transcriptions of
raw survey data. Data in this form may fail to satisfy the criteria
given above, because some variables (such as the condition ratings)
are evaluated differently by different respondents, and because many
of the data are collinear (which can cause estimation problems). I
therefore expect to transform many of the raw variables in ome or more
of the following ways.

The first is by rescaling, using a monotonic transform (e.g., the
square root) of a variable, in order to define the units of account for
an attribute so that its price per unit is constant or to obtain a flow
variable from a stock variable. Variables especially likely to require
rescaling for the first reason are the condition ratings. Since they
are ordinal scales, successive differences in an element's condition
rating (good to fair vs, fair to poor) may imply unequal changes in
rent. If the flow of service from a stock variable is not proportional
to the size of that stock, then rescaling is also necessary. To most
housing analysts, for example, the flow of services increases less than
proportionally with the number of rooms in a dwelling unit, so this
variable is ordinarily rescaled by taking its natural logarithm.

Discovering variables that require rescaling depends on intuition
and a test for the linearity of the regression equation (see the next
section). Rescaled variables can be used in ordinary least squares
regression, which requires only that the equation be linear in the
attribute prices, not in the underlying variables.

A second type of transform on the raw data is a linear combination
of related variables. An example is an average of the separate condi-

tion ratings of a building provided by the landlord, the tenants, and a

*I stress that this list will probably change during the empiri-—
cal work. The ranges of values shown are those reported in the Site I
baseline surveys and may not be applicable to variables comstructed
with data from subsequent waves or from Site ITI.

* - 3
In these scales, higher values correspond to worse conditioms.
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trained fieldworker. Such ratings are subjective evaluations of a flow
of service, so that each may be colored by the respondent's tastes. An
average of several such evaluations should be a good approximation of
the market consensus.

Another example of a linear transformation is using principle com-
ponents analysis to reduce a set of collinear variables to a smaller
set of mutually independent ones. Principal components analysis is
essentially a search for structure in a set of data; its hypothesis is
that a limited number of variables--the principal components—-—-generate
the patterns of correlation in the data.* Important features of this
analysis are that the full set of principal components displays the
same variance as the original data, and that a few of these components,
typically three or four, account for a large part of the variation in
the original variables. Thus, this analysis provides one way to aggre-
gate numerous condition ratings,

Because it is always possible to extract a set of principal com-
ponents from a set of data, there is no guarantee that these components
have meaningful interpretations. Interpretation consists of examining
the correlation of the components with the original variables, looking
for logical groups. For example, in housing attribute data, the first
component may correlate with the condition ratings of the interior
structural elements; the second with the condition ratings for the
plumbing, heating, and electrical systems and the kitchen appliances;
and the third with the condition ratings for the exterior structural
elements. If so, these components can be used as aggregate condition
ratings for the interior elements, systems and appliances, and exterior
elements.

The final type of general transformation is a nonlinear combination
of related variables. For example, a property's land area might be
divided by the total number of housing units on the property to measure
the flow of "land" service an individual tenant receives. Variables

may also be combined to reflect their complementarities, the price of

“For an explanation of principal components analysis, see Phoebus
J. Dhrymes, Econometrics: Statistical Foundations and Applications,
Springer-Verlag, New York, 1974, pp. 53-64.
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one feature depending on the presence or absence of the other. One
model for this specification is

*

where B, = the price of the first attribute in the absence of the
second;

Bldl = the additional price of the first attribute in the presence

of the second;

dz = 0 if the second attribute is absent, 1 if it is present;
;= the quantity of the first attribute in the Zth unit;
€, = a random error term.

If the coefficient Bzdz is significantly different from zero, then the
price of the first attribute depends on whether the other is present.
For example, if the first attribute is the floor omn which the housing
unit is located and d] is one if the building has an elevator and O
otherwise, then a significant value for BZdZ indicates that the market
assigns a different price to the floor on which a unit is located, as
between elevator and walkup buildings. This type of transformation
can also be used to adjust the price of an attribute represented by a
variable that indicates whether or not the unit possesses a certain
element. For example, let Tis = 1 if a unit has a refrigerator and
0 otherwise; let d] = 1 if the refrigerator is in good condition and
0 otherwise. Then, a significant coefficient for Bldl indicates that
the market assigns a different price to refrigerators depending on their
condition.

This type of transform has a major weakness for an analysis such
as mine, in which many of the variables representing attributes are
dummy variables. Combining dummy variables with other dummy variables

can cause severe collinearity problems.

TIME SERIES ANALYSIS

Once a property is included in the permanent panel of properties,

we make annual attempts to complete the survey questionnaires for the
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property, the owner, and the occupants. Although the respondents to
these questionnaires may change, we will continue to survey the same
dwelling units, even though they may be remodeled or improved. Neigh=
borhoods are surveyed on a 30-month cycle because they change slowly.

A complete time series record for my analysis contains parts of
six owner-and-occupant questionnaires, six residential building reports,*
and three neighborhood records. Because of interview refusals and con-
tact failures, there will be fewer complete time series records than
the number of cross-sectional records available for any given year. We
expect that about 45 percent of the baseline sample of residential prop:
erties will have complete records at the end of the monitoring program.A*
If so, there will be about 1,000 complete records for rental units and
400 complete records for ownership units at the end of the monitoring
period for Site I. The totals in Site II should be smaller because the
baseline sample is smaller.

Once the attribute prices have been estimated from baseline data,
they can be combined with measurements of housing attributes taken at
baseline and in subsequent years to form estimates of changes in the
flow of housing services over time. * The method is adaptable to the
anticipated irregularities of the HASE time series of property and
housing-unit records.

First, estimates can be made for individual housing units over time,
even though there are gaps in the time series. This is so because attri-
bute measurement is self-contained for each annual survey cycle; complete
records for any two years provide all the data needed to estimate the

intervening change in the quantity of housing services provided by the

unit.

*Although the survey of residential buildings was planned as an
annual event, Wave 3 in Site I and Waves 2 and 3 in Site II have been
or will be skipped. The reasons are discussed in the Second Ammual
Report of the Housing Assistance Supply Experiment, The Rand Corporation,

R-1959-HUD, May 1976, p. 145.
Lowry, Monitoring the Experiment. Recent evidence from fieldwork
suggests that this estimate is optimistic.
hkk

Section VI explains how this estimation works and describes its
statistical properties.
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Second, estimates can be made for groups of housing units (such as
those that make up a submarket) from any two probability samples drawn
from that group; the samples need not be identical from year to year.
Thus, it is possible to use all complete records available each year
rather than the smaller set of those complete for all years.

Time series data may also provide information needed to correct
the hedonic index for specification error. If a housing attribute does
not vary in cross-section, then the cross-sectional regression analysis
will assign it a price of zero, leading to the possibly incorrect in-
ference that it is not a relevant attribute. However, under certain
conditions time series data can be used to estimate its price.

There are éeveral potential problems in the time series analysis.
One is the nonresponse bias that may occur if those who complete our
questionnaires differ from those who refuse them. If nonrespondents
are concentrated in a particular submarket, there may be too little data
to identify the submarket. If they tend to have more or fewer changes
in their housing over time, the estimate of the aggregate change in the
quantity of housing service may be biased. The first problem is unlikely
to occur. The second can be remedied by weighting the available records
so that measured attribute changes are more representative of the changes
that occurred in the parent population.*

Another potential problem arises from changes in the survey instru-
ments used in successive surveys. We revise the instruments periodi-
cally, making changes based on knowledge gained from previous analysis
and fieldwork. Such changes may remove from the instruments items that
are valuable in hedonic indexing. If this occurs, it will be necessary

to revise the hedonic index or to use other data in the survey instru-

ments to impute values for missing variables.

* .
See C. Peter Rydell and Richard Stanton, A Plan for Analyzing
Nonresponse Bias: Survey of Landlords, Baseline, Site I, The Rand Cor-—
poration, WN-9211-HUD, August 1975, for one way to construct such weights.
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V. ESTIMATING THE ATTRIBUTE PRICES

Given an appropriate data set and the measures of housing rent and
housing attributes that were described in Sec. IV, the next step-—esti-
mating the attribute prices--is straightforward. Housing rent will be
regressed on attribute values in a linear model whose coefficients are

interpreted as attribute prices. The formal model is

RZi = xiB + €., =1, vouy N, (5.1)
*
where Rhi = housing rent for the <th housing unit,
xi = the (I X k) vector of attributes for that unit,
B = the (k x 1) vector of attribute prices,
ei = a random error term,
n = the number of observations.

The coefficients of this model will be estimated by ordinary least
squares regression because OLS estimators have the minimum variance of
all linear unbiased estimators. Choosing the appropriate data sets,
specifying the vector of attributes, and estimating their prices will
be an iterative process. The goals of this iteration are to detect
and correct for bias in the estimators and to minimize their joint
variance.

The estimators may be biased if the data set does not conform to
the theoretical assumptions required to interpret the coefficients as
attribute prices; if the vector of attributes is misspecified; or if
there are measurement errors in the data. The remainder of this sec-
tion explains the tests that will be used to detect and, insofar as
possible, correct for the various kinds of bias. Generally speaking,
removing bias will also reduce the variance of the estimators; but if
it is necessary to partition the data set into submarkets, the smaller

sample sizes of each subset may increase the variance of the estimators.
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CHOOSING THE DATA SETS

The theory of hedonic indexing presented in Sec. III assumes that

all market participants face the same vector of attribute prices.
Otherwise, the price-weighted attribute values for different dwelling
units are noncomparable measures of the quantity of housing service
that each provides. The data sets to which Eq. (5.1) is applied should
therefore conform as nearly as feasible to this requirement.

Our data are drawn from two metropolitan housing markets, each of
which may divide into noncompeting submarkets. By definition, a sub-
market is composed of buyers and sellers of housing service who are
able to reach a consensus on attribute prices; but these prices can
differ across submarkets. One task therefore is to group observations
appropriately by submarket.

Even within a submarket, there may not always be a consensus on
attribute prices, because that consensus is reached by bargaining dur-
ing a period when the underlying supply and demand functions are stable.
The Supply Experiment does not include any controls that guarantee sub-
market equilibrium even at baseline; but I can test whether the data

are consistent with the necessary equilibrium assumption.

Identifying Submarkets

A necessary condition for the existence of submarkets is that indi-
vidual supply or demand functions can be partitioned into relatively
homogeneous groups. Our studies of baseline data for Brown County indi-
cate that this condition prevails. Housing service production functions
vary with the number of buildings and the number of residential units
on a property.* The location (urban, suburban, rural), type of building
(single-family house, multiple dwelling), and size of unit (number of
rooms) chosen by households vary systematically with household character-

Kk
istics, even controlling for income differences. In St. Joseph County,

we expect to find similar evidence of disjoint supply and demand functions,

"Rydell, Rental Housing in Site I.

“"Kevin F. McCarthy, Housing Choices and Residential Mobility in
Site I at Baseline, The Rand Corporation, WN-9029-HUD, August 1976.
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with further divisions by neighborhood that reflect racial discrimina-
tion in the marketing of housing services or in household preferences
as to neighbors.

I propose to divide the baseline observations for Brown County into
subsets by location and type of property and by size of dwelling unit,
then test which of the subsets of dwelling units constitute submarkets.
The test is to estimate fhe veétor of attribute prices for each subset
of dwelling units, using the same specification of Eq. (5,1) for each
case; then to compare the estimated vectors across subsets. If any two
vectors are not significantly different,* the two subsets do not form
distinct submarkets and can be combined.

This process is repeated at each higher level of aggregation until
further aggregation would combine subsets of observations whose esti-
mated vectors of attribute prices were significantly different. These

subsets each constitute a submarket for which a separate hedonic index

must be estimated.

Testing for Submarket Equilibrium

The Supply Experiment introduces a new element, housing allowances
for low-income households, into the housing market at each site. If
that market and its submarkets were close to equilibrium when the ex-
periment began, the allowance program would disturb the equilibrium
insofar as it changed the housing demands of participants. 1In the
absence of further disturbances, the market would normally reach a new
equilibrium after program enrollment stabilized.

Market equilibrium is a theoretical construct rather than an em-
pirical characteristic of markets, At baseline in both of our experi-

mental sites, the housing markets appeared to be relatively stable

*See Gregory C. Chow, "Tests of Equality Between Sets of Coefficients
in Two Linear Regressions," Econometrica, Vol. 28, 1960, pp. 591-605. A
variant of the Chow test is applicable to subsets of regression coeffi-
cients, and may be needed if fundamental differences in housing charac-
teristics by submarket force different specifications of the regression
model for different submarkets.
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except for exogenous inflation in fuel and utility costs. At any rate,
baseline data are more likely to reflect equilibrium conditions than
are data for the first few years after program implementation.

Tests for equilibrium conditions are not really distinct from
tests for the existence of submarkets or for specification error in the
regression model. If the method described above identifies a larger
number of submarkets than is compatible with our knowledge of structural
differences in underlying supply and demand functions, I would suspect
market disequilibrium. A further test within each submarket is whether
the estimated attribute prices have relatively large variances, indi-
cating lack of consensus on attribute prices.

That these results also follow from other causes hardly matters.

If there is a superfluity of submarkets or an overlarge variance in the
estimators of attribute prices, the hedonic index approach to measuring
changes in the quantity and price of housing service is in trouble any-
way. But if the data manifest neither problem, equilibrium conditions
must prevail.

Whether or not the baseline data are consistent with the equilibrium
assumption, I propose to estimate attribute prices independently for
each year in which surveys are conducted, using the same specification
for Eq. (5.1) in each case. A change in the estimated vector of attri-
bute prices is consistent with either equilibrium or disequilibrium.
However, an increase in the variance of the estimators, other things
being equal, suggests a decrease in the consensus on attribute prices——
the test of market equilibrium. A time series of increasing, then de-
creasing, variance in these estimators would signal a market disturbance
and subsequent return toward equilibrium.

The variance test for equilibrium applies separately to each identi-
fied submarket. It is entirely possible that closeness to equilibrium
will vary between submarkets. Indeed, it is more plausible that the
allowance program will disturb some submarkets than that it will disturb
all. Exogenous factors are more likely to disturb all submarkets. So
the time series variance test can yield important clues as to the sectors

of the market most affected by the program.
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TESTING FOR SPECIFICATION ERROR

Equation (5.1) is a general model that is made specific by defin-

ing the vector of independent variables--housing attributes--whose
coefficients are to be estimated. The candidate variables available
from HASE surveys are listed in Appendix Table A-2; Sec. IV explains
how these variables will be individually transformed or combined and
how the derived variables will be screened for inclusion in the model.

Choosing and transforming the variables will altermate between
choosing the data sets and estimating the attribute prices. The goals
are to create a set of measurable and interpretable variables that are
linearly independent, each of which is linearly related to housing rent,
the dependent variable. The chosen variables should explain as much of
the variance in housing rent as possible, and the individual errors of
estimate should be randomly and identically distributed over the range
of the dependent variable.

Not all these goals are likely to be achieved. First, the variables
available from our surveys, however transformed, are unlikely to explain
all the variance in housing rent. Second, the useful variables and their
optimal transformations must be found by trial and error, aided by the
diagnostics described below. In the absence of perfect specification,
the estimated attribute prices may be biased and wiil have more than

the minimum variance.

Cross—-Sectional Tests for Specification Error

Beginning with a candidate data set and a candidate vector of well-
defined housing attributes, the first step is to estimate (by OLS) the
coefficients of Eq. (5.1). The second step is to test whether the hous-
ing attributes have all been entered in forms such that each is linearly
related to housing rent.

The Durbin-Watson statistic (D) is an appropriate test for the
presence of nonlinearity in the regression equation.* The OLS residuals
(e) are ordered from one to m according to increasing values in the de-

pendent variable; the statistic is then computed as follows:

“S. J. Prais and H. S. Houthakker, The Analysis of Family Budgets;
Cambridge University Press, Cambridge, England, 1955, pp. 52-53.
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"
NV (5.2)

A value of D below 1.5 indicates that the true form of the regression
equation is nonlinear, but does not identify the variable or variables
that were improperly entered. They must be identified experimentally
by ancillary OLS regressions, one variable at a time, or by intuition.
Once the nonlinear felationships are identified, the variables involved
may be differently transformed until linearity is achieved and the full
equation meets the Durbin-Watson test.

After an acceptable linear regression equation has been formed by
this process, the next step is to review the contribution of individual
variables in the equation to its explanatory power. Those whose coef-
ficients are smaller than their standard errors can be dropped at this
stage without diminishing the value of the adjusted coefficient of de-
termination, R°.

The fourth step is to search the unused variables in the data set
for additional elements of the vector of housing attributes. Candidates
may be tested one at a time by regressing OLS residuals from the preced-
ing step on the new candidate variable. Those with statistically sig-
nificant coefficients may be added to the vector of relevant housing
attributes. Then all attribute prices must be reestimated, and the
revised regression equation must be once more subjected to the Durbin-
Watson test for linearity. Because of collinearities among the housing
attributes now in the equation, it may also be appropriate to delete
some variables whose coefficients were previously significant but are
no longer.

At this stage, it is also important to review the variables that
have survived to determine whether each can be plausibly interpreted
as a housing attribute that contributes to the flow of housing service.
A hedonic index composed of uninterpretable variables is umnsatisfactory,
even if its explanatory power is great.

When an otherwise satisfactory equation has been specified, there
is a final step that can reduce the error variance of the estimating

equation. This step is a correction for heteroskedastic error
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structure. The absolute values of OLS residuals are regressed on the

vector of housing attributes as follows:

lei[ =0, +xo oV, (5.3)

where o s ak unknown coefficients,

a new error term.

It

Vi

If it is possible to reject either the hypothesis that o, and ak equal
zero or that each element of Oy equals zero, then the error structure
is heteroskedastic. The correction multiplies each observation (both
housing rent and the values of housing attributes) by the inverse of
gi’ as estimated by the fitted analogue of Eq. (5.3).** Applying OLS
to the transformed system yields better estimates of the standard errors
of the coefficients in Eq. (5.1).

As explained in Sec. IV, if location rent is estimated as a multiple
of housing rent (using Eq. (4.5)), the estimates of housing rent will
have a lognormal distribution such that Eq. (5.1) is by construction

heteroskedastic. Especially in this case, the correction described

above is important.

Longitudinal Tests for Specification Error

One likely type of specification error may elude the cross-
sectional tests described above. If a relevant housing attribute hap-
pens to have little or no variance in the data set to which Eq. (5.1)
is fitted, its estimated coefficient (price) will be zero or statisti-
cally insignificant, even though the attribute is an important component

of the flow of housing service. An example might be the presence and

"If the error terms are independently and identically distributed,
then they are said to be homoskedastic. Otherwise, they are said to be
heteroskedastic. While a heteroskedastic error structure does not bias
the estimated coefficients in Eq. (5.1), it can bias upwards their esti-
mated standard errors, increasing the probability that an attribute is
incorrectly excluded from the index.

3

See H. Glejser, "A New Test for Heteroskedasticity," Journal of
the American Statistical Assoctation, Vol. 64, 1969, pp. 316-323.
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operability of a kitchen range: Virtually every dwelling has at least
one such appliance and it is in working order.

In an OLS estimate of the parameters of Eq. (5.1), the prices of
such attributes will be jointly reflected in a nonzero regression con-
stant.* Because nearly all housing units have basic features in common,
the regression constant is likely to be large. It can best be limited
by attribute measures that take account of quality or condition as well
as the presence or absence of some housing attribute.

For hedonic indexing, the specification error described above poses
a problem only if those attributes that do not vary in the cross-
section change over time. 1In that case, the appropriate correction is
to reestimate the index on a new data set, thus obtaining the missing
attribute prices; then to use the more inclusive index as the base for
measuring price and quantity differences over the two data sets.

Thus, it will be necessary to examine each annual data set for
evidence of variance in housing attributes that were invariant in pre-
vious sets. If such cases are found, the index specification may be
improved by adding the newly variable attributes to Eq. (5.1) and re-

estimating the coefficients.

ERRORS IN VARIABLES

Housing attributes are imperfectly measured by our field surveys,

for many reasons. Fieldworkers may err in their observations, respond-

ents may misunderstand a question or misreport for other reasons, sur—

vey instruments may be imprecise, mistakes can be made in editing the

data, and so on. Even random errors in these data will result in biased
o

and inconsistent estimators of attribute prices."" The problem is im-

portant only if the measurement error for a variable is large relative

to the error term of the entire equation.
Little can be dome to correct for measurement errors unless the

erroneous values can be identified. If some survey records are suspect

®

Equation (5.1) does not explicitly include a regression constant,
but one will be needed because the vector of housing attributes includes
dummy variables.

ke
~

“See J. Johnston, Econometric Methods, lst ed., McGraw-Hill, New
York, 1963,
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because of internal inconsistencies or external implausibilities, they
can be excluded from the data set to which the regression equation is
fitted. Other options are the introduction of "instrumental' variables
or the omission of a suspect variable from the equation. The first

of these options imposes conditions that are rarely met in practice,

*

and the second merely substitutes one bias for another.

WHEN TO STOP REESTIMATING

Given the large number of data sets that will be available from

HASE surveys, the large numbers of housing units in each, and the large
number of possibly relevant variables measured for each housing unit,
estimating the attribute prices for hedonic index weights could entail
endless permutations of submarket data sets, choices of variables,
alternative transformations, searches for specification error, etc.
Clearly, trial and error must cease when a satisfactory but not neces-
sarily best set of submarket indexes has been estimated.

I propose to end the specification search on any submarket data set
when the estimating equation's adjusted coefficient of determination
Cﬁz) reaches a value of .8 and the Durbin-Watsom statistic has a value
greater than 1.5. These criteria do not guarantee an index that is
robust enough to measure small changes in the price or quantity of
housing service. The lower limit of usefulness for the index is given
by its standard error of estimate for housing rent: Only larger changes
in either price or quantity can be measured. Since we as yet have no
clear indication of the size of such changes in our time series, it re-
mains to be seen how useful the index will be as a tool for measuring
the supply response to housing allowances.

*
Instrumental variables must be correlated with the true values

of the mismeasured attribute, but must be uncorrelated with its measure-

ment errors and with the error term of the regression. For a discussion

of the second option, see Michael R. Wickens, "A Note on the Use of Proxy
Variables," Econometrica, Vol. 40, 1972, pp. 759-761.
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VI. ESTIMATING THE ELASTICITY OF SUPPLY

The hedonic index constructed by the methods described in Secs.

IV and V is primarily designed to measure changes in the quantity and
price of housing service over time, either for individual housing units
or for groups of units. These measurements are a necessary step toward
a major technical objective of the Supply Experiment, estimating the
price elasticity of the supply of housing services.

This section explains how the index will be used to compute quan—
tity and price changes and how those changes enter into the calculation
of elasticity, with particular attention to the statistical properties
of the estimator used at each step.

It is easy to become confused by the several uses of the term
"index" in the discussion that follows. The hedonic index of housing
service is a number that summarizes the product of two vectors—-one
whose elements are values of housing attributes and another whose ele-—
ments are attribute prices. Holding the price vector constant and vary-
ing the attribute vector produces different values for the hedonic index.
The ratio of any two such values is a housing service quantity index.
Holding the attribute vector constant and varying the price vector also
produces different values for the hedonic index. The ratio of any two
such values is a housing service price index.

Thus, the term "index" is used here (and by others) both to denote
a summary measure and to denote a comparison between summary measures.
The classical form for a comparative index number is a ratio, often
multiplied by 100. But other forms of comparison are often appropriate—-—
for instance, the arithmetic difference between two index numbers, or
that difference divided by one of the index numbers chosen as a base.

Both housing service quantity and price indexes are expressed in
this last form--each as a change over time relative to the base year
index value--in computing the price elasticity of the supply of housing
service. This elasticity is itself an index number, the ratio between

a quantity index and a price index.
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INDEXING QUANTITY CHANGES
Suppose that the market for the attributes of housing is perfectly

competitive and in equilibrium at both time s and time ¢t (£ > s). Then
two well-defined measures of the interim changes in the quantity of

housing service provided by a given dwelling are

Aqts = (xt - xs)BS » and (6.1a)

Aqts hxt - xs)Bt R (6.1b)

ot

where Aqts = the change in the quantity of housing service between

s and t;

BS, Bt = the (k x 1) vectors of attribute prices at times & and ¢,
respectively;

Loy T, = the (I X k) vectors of attribute values for the given

dwelling at times s and ¢, respectively.

Equation (6.la) weights the changes in attribute values according
to their prices at the beginning of the period and Eq. (6.1b) uses their
prices at the end of the period. The former is a Laspeyres quantity
index; the latter is a Paasche quantity index. The two indexes will
usually have different values.

Given market equilibrium at both times, either index is meaningful
and neither is "perfect." Assuming no interim changes in consumer pre-
ferences, the Laspeyres index defines an upper bound and the Paasche
index defines a lower bound to the true quantity change.** Thus, the
measure of change is best stated as an interval rather than a point.

If the interval is small, it may be acceptable to form a point estimate

by averaging the two values.

AThroughout this section, the subscript %, denoting 'housing ser-

vice," is suppressed to simplify the notation.

A%
This proposition holds generally for homothetic preference func-—

tions. In most other cases, Laspeyres and Paasche indexes define the
upper and lower bounds, respectively, of different quantity indexes.

See H. Staehle, "A Development of the Economic Theory of Price Index

Numbers," Review of Economic Studies, Vol. 2, 1935, pp. 163-188.



-55-

If consumer preferences change, it can be shown that the relation-
ship between the Laspeyres index and the true quantity change is unde-
fined, while the Paasche index continues to define a lower bound.* In
a sense, the allowance program alters consumer preferences, since it
requires participants to live in dwellings some of whose attributes must
exceed specified levels. If the program were the only source of prefer-
ence changes, the Laspeyres index would indicate how participants would
evaluate the attribute changes that actually occurred, if they occurred
in an unconstrained market. The Paasche index, on the other hand,
answers the question, Given today's (constrained) tastes, incomes, and
production possibilities, how does the market evaluate the attribute
changes that have occurred?

The choice between a Laspeyres and Paasche index may be foreclosed
by evidence that the market is out of equilibrium at either time s or
time ¢. Given equilibrium conditions at only one time, attribute prices
then current can be used to form one index, but not the other. If
equilibrium conditions do not prevail at either time, neither index has
a clear interpretation.

For simplicity, the notation that follows assumes that a Paasche
index will be used to measure changes in the quantity of housing service.

An estimator for Eq. (6.1a) is

Aqts = (xt - xs)bt > (6.2)

where Aqts = the estimate of the change in the quantity of housing ser-

vice provided by a dwelling between times s and 7,

the (k X 1) vector of estimates for the attribute prices

by

at time t.

nk
The variance of Eq. (6.2) is

“See Franklin M. Fisher and Karl Shell, The Economic Theory of
Price Indices, The Academic Press, London, 1972, for a similar argument

for preferring a Paasche price index to a Laspeyres.

%%
The variance excludes the possible effects of errors in measuring

s and X, and is therefore biased downward. The same qualification
applies to Eqs. (6.5) and (6.7).
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’

- 2 o -1
Var(bq, ) = o (x, - x ) (2[2,) " (z, - ) (6.3)

where O the standard error of the estimate for the regression
equation used to estimate the attribute prices, Bt’

A

£Zt the (k X k) moment matrix of explanatory variables used
to estimate these attribute prices.

Our information on attribute values at times & and t is based on
sample data. To generalize beyond specific dwellings that were sur-
veyed on both occasions, it is necessary to weight the sample observa-
tions and aggregate them. These weights, though not easily calculated,
are derived from the sampling histories of each observation in our
stratified cluster sample of housing units, adjusted for nonresponse.

Using only housing units with complete data for both times s and
t, an estimator for the aggregate change in the quantity of housing

service in the population of dwellings that was sampled is

0, =) wlx,. -z_)ob (6.4)

ti st t°

where A@ts = the estimated aggregate change in the quantity of
housing service,
., £ . = the observed vectors of attributes for the Zth umnit
at times s and ¢,
7n = the number of sampled units,
w. = the inverse of the effective sampling rate for the

7th unit.

The variance of Eq. (6.4) is

Var(A@ts) = 02 w' E v, (6.5)

where w an (n X 1) vector of weights,

)

I

a variance-covariance matrix whose Zjth element is
14

-1
— ' —
(xti xsi)(ZtZt) (xtj xsj) .
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The average change and its variance can be computed by simply
dividing Egs. (6.4) and (6.5) by the sum of the weights.

The estimator described above discards survey records that are
complete for time s but not for time %, or the reverse. If much data
would be discarded because of time series nonresponse, I shall consider

an alternative that uses all complete records for each year:

N n m
£, =) wox,.- ) w ax .|b, , (6.6)
ts (72:1 ti t1 j=1 sd sg) t

where m and n are the numbers of complete records for years s and ¢,

respectively. The variance of this estimator is

!

Var(8d, ) = oF (3, - 5 )220 G, - ) 6.7)
where z is a vector of population attributes corresponding to one of
the summations in Eq. (6.6).

Although this estimator uses all the data, it also requires two
sets of sampling weights, ws and W, . Since the weights are themselves
estimates, they introduce additional variance not accounted for in
Eq. (6.7). Consequently, if the data loss is small, I prefer to use
only time series complete records and a single set of sampling weights.

Note that either estimator can be made to reflect housing construc-
tion or demolition as well as changes to existing units. If Eq. (6.4)
is used, dummy records (xsi = 0 or Ly = 0) can be added to the file
for each dwelling built or demolished during the interval. In Eq. (6.6),

such changes in inventory are accounted for in the sampling weights.

INDEXING PRICE CHANGES

Given appropriate observations on housing rent and housing attri-

butes and estimates of attribute prices, price changes can be measured
as readily as quantity changes. Just as with quantity changes, we can

choose between Laspeyres and Paasche bases for the price index:
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Apts = xS(Bt - Bs) , or (6.8a)

bp, =z, (B, - B), (6.8b)

where Apts is the change in the price of housing service between s and
t for a dwelling whose vector of attributes changed from z, to x,.

The properties of these two indexes mirror those of the corre-
sponding quantity indexes: The Laspeyres index is an upper bound and
the Paasche index is a lower bound to the true price change. The

qualifications about homotheticity and changing preferences also apply.

Choosing Consistent Price and Quantity Indexes

As with quantity changes, price changes may be indexed for indi-
vidual dwellings or for groups of dwellings. In the latter case, the
chosen version of Eq. (6.8) is solved for each dwelling in the sample
and the solution values are weighted and summed to represent the
population.

If estimates of quantity changes and price changes are to be used
together to calculate the elasticity of supply, they obviously must be
consistent with respect to base (Laspeyres or Paasche) and level of
aggregation. In fact, the two kinds of changes are complements that
sum to the change in housing rent.

An obvious shortcut to consistency makes use of this complementar-
ity, rather than working from Eq. (6.8). Expressing all changes relative
to the terminal year t, a change in a dwelling's housing rent (r*) de-

ta
~

composes as follows:

*
Ar Ap Ag Ap, Ag
ts _ ts + ts ts 'ts ) (6.9)

*
r, Py ¢ Pt

“If changes were expressed relative to the initial year s, the
sign of the last term of Eq. (6.9) would be positive.
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Housing rent and its changes over time are estimated by the procedure
described in Sec. IV. The procedure for estimating the quantity of
housing service at time t was described in Sec. V, and the procedure
for measuring its change was described above. Given values for these
variables, Eq. (6.9) can be solved for the relative change in the price

of housing service:

* -1
Ap Ar Agq Ag
ts _ ﬁs _ ts 7 - ts . (6.10)
Py v qt qy

Finally, if we select the unit of account for housing service such that
*
qp = Pys then Eq. (6.10) reduces to

*
bp, o _ (br,, - Bq,) (6.11)

pt qs

It would be equally appropriate to estimate price change first,
then calculate the quantity change as a residual; the sequence is arbi-
trary. The important points are that because the estimates of price
and quantity changes are complementary, an error in one is always matched

by an opposite error in the other; and that both estimators have essen-

tially the same variance.

Using Hedonic Price Indexes

Although our main objective is to measure the elasticity of supply,
estimates of change in the price of housing service or of cross-sectional
differences will also be useful to HASE. It is important in this connec-—
tion to distinguish between the prices of housing attributes and the
price of housing service.

The validity of a hedonic index depends on the assumption that all
participants in the market or submarket for which the index is estimated
faced the same vector of attribute prices. But all are not affected in
the same way by changing attribute prices, because each dwelling contains
a different bundle of attributes. If the price of one attribute rises

and the price of another falls, consumers whose dwellings have large
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quantities of the first attribute can experience larger rent increases
than those whose dwellings have large quantities of the second. 1In

general,

—L it (6.12)

where 7 and J are different dwellings in the same submarket and the
time subscripts are suppressed for clarity.

A general estimate of price change within a submarket can be con-
structed in various ways. One is to calculate the individual changes
and average them. A second is to sum the vectors of housing attributes
across the entire submarket, then estimate the marketwide change in the
price of housing service. A third method is to specify the attributes
of a typical dwelling, then estimate the change in its housing rent.
Each method will lead to somewhat different results, and the choice
between them depends on the analytic objective.

The third method is also useful for comparing the price of housing
service between submarkets. Sets of attribute prices are estimated
independently for each submarket, then applied in turn to a specified
vector of housing attributes. Since both the magnitude and the sign of
the calculated price differential can vary with the choice of attribute

vectors, the specification must be consistent with the analytic purpose.

ESTIMATING THE ELASTICITY OF SUPPLY

We have chosen to measure the market response to the housing allow-

ance program by evaluating the elasticity of supply in the market as a
whole and in selected submarkets. The general expression for the elastic-

ity of supply is

24/9 (6.13)

suppressing time subscripts for generality.
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If it is to be analytically useful, the elasticity of supply must
be a behavioral parameter describing the response of housing suppliers
to changes in the market price of output. Presumably, if the price
increases, suppliers are encouraged to increase output, and the reverse.
But the behavioral response to price changes depends on what causes them.

For instance, if the market price of housing service increases by
10 percent but the cost of producing that service also increases by 10
percent, the producer has no obvious motive for changing his level of
output. Only if a change in market price affects his profits could
we expect production decisions to change.*

Consequently, the behavioral parameter that we seek is more ac-

curately defined as

B(S,P) = %‘%—//%— , (6.14)

where AIl/Il is the relative change in the producer's markup (II) on factor

costs.
The relationship between changes in market prices, changes in fac-

tor prices, and changes in profits is given by

A
it 6.15
F° ( )

AP
P

%‘%
:wg

+

where AF/F is an index of factor costs and the denominators of each term
are terminal-year values.

Although hedonic indexing can lead to an estimate of AP/P, it pro-
vides no information about factor costs. Thus, to use the method of

hedonic indexing to estimate a ''behavioral' supply elasticity, I must
Kk

draw also on the input accounting approach to the same problem.

* .
See Lowry, General Design Report, pp. 152-155, for an elaboration
of this argument.

JOWR
GRS

This concept is developed in Appendix B to the General Design

Report.
Kk % . .

See Sec. II for a brief statement of this approach, which is

also being pursued by HASE staff.
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Also, it is appropriate to aggregate dwelling-unit observations to
the property level in the case of multiunit properties, since many
supply decisions are made at that level rather than for individual

dwellings.

Adjusting for Changes in Factor Prices

There are two ways to adjust the hedonic price indexes for indi-
vidual properties to account for factor price changes. One is to re-
strict the sample to properties for which input accounts as well as
housing attribute and housing rent records are complete. Then, the
change in cost of production can be indexed separately for each prop-
erty and subtracted from the change in the market price of housing
service produced by dwellings on that property. Neglecting the small
cross-product term of Eq. (6.15) and shifting to lowercase notation for

individual observations, the computation is simply

Am _Ap _ AF (6.16)
™ p f

A difficulty with this method is that it shrinks the sample of
properties, perhaps intolerably, by imposing additional completeness
conditions on record selection. A better alternative is to estimate
a cost—of-production index for each housing submarket, using expendi-
ture weights that are appropriate to that submarket in conjunction with
marketwide factor-price changes. This index (AF/F) can then be used
to adjust Ap/p for each property. The adjustment would doubtless be
less precise than the one based on expenditure weights for individual
properties, but it would not reduce the sample size for estimating
elasticity.

In principle, the HASE data base will support either method. The
field surveys gather factor—specific information on expenditures by
landlords and homeowners, and so provide a source of expenditure weights.
Independently of the surveys, we are gathering data on changes in the

%
prices of factors used to produce housing services.

*
See the Gemeral Design Report, Appendix D; and Charles W. Noland,
Indexing Production Costs for Housing Service: Site I, Baseline, The
Rand Corporation, WN-9022-HUD, forthcoming.
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The Special Problem of Land Costs

In making the adjustment described above, it is important to re-
member that land (as space) is a factor of production for housing
service, but that its price includes location rent., My analytical
model excludes location rent from the price of housing service, so
changes in location rent should not be reflected in the denominator of
the estimated supply elasticity.

If a change in the price of housing service is calculated directly
from Eq. (6.8), whose argument includes only the vector of housing attri-
butes and their prices, any change in location rent is excluded from the
calculation. Alternmatively, if Eqs. (6.9) through (6.11) are used to
decompose a change in housing rent, the effects of changes in location
rent are excluded in the computation of r;i for times s and T.

Computing housing rent for times s and £ requires independent ob-
servations on locational attributes for both dates. If locational attri-
butes and their prices are known only for time s, the effects of changes
in location rent can be approximated as follows: The observed change in
the land value of the Zth property (from assessor's records) is multi-
plied by the market rate of interest and deducted from net residential

rent at time £ to obtain housing rent.

Estimating Supply Elasticity for Submarkets

Whichever method is used to adjust the hedonic price index for
factor-cost changes, the estimator for a property's supply elasticity

n is

~ _Dg/q
n = A/ (6.17)

It must be presumed that ﬁ is distributed as a Cauchy variable.* As
Am/mw approaches zero, 7 approaches infinity for any given value of Alq,
and the reverse. Under these conditions, the estimator has infinite
sampling variance and the mean of a sample is an inconsistent estimator

of central tendency in the sampled population.

“See E. C. Fieller, "The Distribution of the Index in a Normal
Bivariate Population," Biometrika, Vol. 24, 1932, pp. 428-440.
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The severity of the problem depends on the parameters of the de-
nominator's distribution. Although these parameters are as yet unknown,
several comments on them are pertinent. First, over any brief interval
of time, Am/m is likely to have a wide range (including zero and nega-
tive values), narrowing as the interval lengthens. This is because rent
changes for individual dwellings are not made continuously, but in lumps;
and the same is true of changes in factor prices. Second, as noted
earlier, an error of measurement in Ag/q will be reflected in an oppos-—
ing error in Ap/p and therefore in Am/m.

On the other hand, as time passes, suppliers can better adjust to
shifts in market demand and factor prices; whereupon the numerator and
denominator of the elasticity ratio should move together and N should
cluster increasingly about a value that depends on technical coefficients
of the production function. Thus, the central tendency of n should de-
scribe the distribution better for long intervals than for short omes.

In any case, the variance problems inherent in a Cauchy distribution
can be avoided by using the median rather than the mean as the measure
of central tendency. The sample median of a Cauchy distribution is
asymptotically normally distributed and is an unbiased and consistent
estimator of both the population median and its mode.

My estimate of the elasticity of supply in a housing submarket will

therefore be

E(S,P) = ﬁj , (6.18)

where nj is the median of the distribution of “i”i in the submarket

sample of properties. Its sampling variance is

62 _ 3.14166 s (6.19)
ns n
where 0 = the interquartile range,
n = the number of observations.

* . . X
See Harald Cramer, Mathematical Methods of Statistiecs, Princeton
University Press, Princeton, New Jersey, 1946, pp. 246, 373, and 490.
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Table A-1

HGOD AND BLCCKFACE

EFFEZCTS ON RESIDENTTIAL LOCATION RENT IN SITE I

ATTRIRUTES TC BE TESTED FOR

Attribute

Unit or Method
of Measurement?

Range of
Coded
Values

Source of

Data

Primary

HASE
File

Neighborhood

Land use:

Residential

Industrial

Commercial

Business district

Open space

Rivers, streams, and lakes
Transportation routes:

Local streets

Major thoroughfares
Railroads

Access to local facilities:
Police station

Fire station

Hospital

Park

Public school

Parochial school

Shopping area

Central business district
Availability of services:

Public transportation

Electricity
Piped gas
Piped water
Sznitary sawer

W €

Fire alarm

zhlic school

total area
1

Percent of

Route miles in neigh-
borhood

Airline miles from
neighborhood centroid
1"

Percent of total area
(interval only)
i

0-75.
0-25.
0-13.

= o O

1
=

.

|
=

.

[

QOO C OO0
|
WY U~

O WO~

3
1
1
0
0-
1
0
0

{
—

Land use maps
1"

Land use map
n

"

Land use map
1"

Fire department
Private carters

Residants
k53
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Table A-1 (Continued)

Source of Data
Range of
Unit or Method Coded HASE
Attribute of Measurement Values Primary File
Quality of residential properties:
Buildings Average of subjective
ratings 1-4 Fieldworkers | NSOB
Landscaping " 1-4 " "
Environmental pollutants:
Noise Ratings based on
physical measurement 1-3 Fieldworkers | NLS
Particulate matter " 1-5 " "
Sulfur dioxide " 1-5 " "
Pollen " 1-5 " "
Blockface
Land use present:
Residential No, yes 0,1 Fieldworkers | SRB
Mixed residential/commercial " " " "
Retail or service " " " "
Wholesale or industrial " " " "
Park " " 1" "
Institutional " " " "
Quality of facility or service:
Street surface--A Subjective rating 1-3 Landlord LL
Street surface-—B " 1-3 Resident TH
Street surface--C " 1-4 Fieldworker | SRB
Street lighting-—A " 1-3 Landlord LL
Street lighting--B Y 1-3 Resident TH
Street lighting--C " 0,1 Fieldworker | SRB
Personal safety " 1-4 Resident TH
Public transportation " 1-3 " TH
Quality of adjacent properties:
Residential buildings--A Subjective rating 1-3 Landlord LL
Residential buildings--B " 1-3 Resident TH
Residential buildings—-C " 1-3 Fieldworker | SRB
Residential landscaping--A " 1-3 Landlord LL
Residential landscaping--B " 1-3 Resident TH
Nonresidential properties " 1-3 Fieldworker | SRB
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Table A-1 (Continued)

Source of Data

Range of

Unit or Method Coded HASE
Attribute of Measurement? Values Primary File
Environmental pollutants:

Vehicular traffic--A Subjective rating 1-3 Landlord LL
Vehicular traffic--B " 1-3 Resident TH
Vehicular traffic--C " 1-6 Fieldworker | SRB
Litter—-A " 1-3 Landlord LL
Litter—--B v 1-3 Resident TH
Litter—-C " 1-4 Fieldworker | SRB
Air pollution—-A " 1-3 Landlord LL
Air pollution--B " 1-3 Resident TH
Noise-—-A " 1-3 Landlord LL
Noise—--B " 1-3 Resident TH

SOURCE: Ann W. Wang, Doris Crocker, and Stephanie Schank, Codebook for
the Baseline Landlord Survey in Site I, The Rand Corporation, WN-8976-HUD,
March 1975; HASE Survey Group, Codebook for the Survey of Tenants and Home-
owners, Site I, Baseline, The Rand Corporation, WN-8809-HUD, December 1975;
Ann W. Wang and Charles W. Noland, Codebook for the Baseline Survey of
Residential Buildings in Site I, The Rand Corporation, WN-8810-HUD, Feb-
ruary 1975; and HASE Survey Group, Codebook for the Survey of Neighborhoods,
Site I, Baseline, The Rand Corporation, WN-8811-HUD, forthcoming.

NOTE: Survey instruments for postbaseline cycles in Site I and for all
cycles in Site II may vary in attributes reported, units or methods of
measurement, or range of coded values.

a.,. .. . . cq s

Fieldworkers who administered the survey of residential buildings were

trained in assigning "subjective' ratings. Interview respondents applied
their own standards based on question wording.

bLL = survey of landlords, TH = survey of tenants and homeowners;
SRB = survey of residential buildings, NLS = survey of neighborhoods——
local sources; NSOB = survey of neighborhoods--observations.
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Table A-2

SITE T BASELINE DATA

HOUSING ATTRIBUTES TO BE TESTED FOR
EFFECTS ON HOUSING RENTS:

Source of Data
Range of
Unit or Method Coded HASE
Attribute of Measurement” Values Primary Fileb
Residential Site
Lot size Square feet Continuous | Assessor PR
Outdoor space:
Amount Square feet Continuous | Assessor PR
Accessible to occupant " " " "
Quality or condition:
Landscaping Subjective rating 1-4 Fieldworker | SRB
Walkways " " r "
General condition " " Resident TH
Cleanliness—--A " " " A
Cleanliness~-B " " Fieldworker | SRB
Buildings on site Number 1-15 Landlord LL
Residential units on site Number 1-90 " LL
Commercial units on site Number 0-35 " LL
Residential Building
Age of building Years since construction Continuous | Landlord LL
Structural history Converted or subdivided 0,1 Landlord LL
Distance from street Feet 0-400 Fieldworker | SRB
Building height Number of floors 1-3 " "
Materials used for roof Precoded list 1-9 " "
Materials used for walls Precoded list 1-9 " "
Quality of construction Subjective rating 1-4 " "
Condition of structural elements:
Roof Presence of major defects 0,1 Fieldworker | SRB
Walls " " " "
Foundation " " " "
Windows Subjective rating 1-4 " "
Storm windows " " " "
Storm doors " " " "
Foundation " " " "
ROOf " " " 1"
Porch " 1-5 " "
Balcony " " " "

Fire escape
Exterior stairs




-71-

Table A-2 (Continued)

Source of Data
Range of
Unit or Method Coded HASE
Attribute of Measurement® Values Primary Fileb
Residential Butlding (Cont.)
Exterior summary:
State of repair—-A Subjective rating 1~4 Resident TH
State of repair—--B " " Fieldworker | SRB
General condition--A " " Resident TH
General condition--B " " Fieldworker | SRB
General condition--C " " Landlord LL
Cleanliness " " Fieldworker | SRB
Interior public area summary:
State of repair Subjective rating 1-4 Fieldworker | SRB
Cleanliness——A " . Resident TH
Cleanliness—-B " " | Fieldworker | SRB
Housing Unit: Space and Layout
Location in building Lowest floor 0-3 Resident TH
Floors in unit Number 1,2 " "
Rooms in unit Number, by precoded type 1-11 " "
Layout Privacy of bedrooms 0,1 " "
Housing Unit: Structural
Walls Subjective rating 1-4 Resident TH
Floors " " " "
Windows " " " "
Screens " 1-3 " "
Storm windows " " " "
Dooxr locks " 0,1 " "
Ventilation " " " "
Weather resistance " " " "
Kitchen counterspace " " M "
Closet space " " " "
Other storage space " " " "
Interior decoration Years since painted 0-20 " "




-72-

Table A~2 {(Continued)

Source of Data

Range of
Unit or Method Coded HASEb
Attribute of Measurement? Values Primary | File
Housing Unit: Air Conditioning System

Heating:

System type Precoded list 1-8 Resident TH

Thermostatic control | No, yes _ 0,1 " "

Output Subjective rating 1-5 " "
Cooling:

Qutput Subjective rating 1-5 " "

Housing Unit: Plumbing System
Full bathrooms Number 0-2 Resident | TH
Half bathrooms Number 0-3 " "
Condition of toilets Days out of service 0-90 " "
Condition of water taps | Number malfunctioning 1-4 " "
Condition of drains Number malfunctioning " " "
Amount of hot water Subjective rating 1-3 " "
Cold water pressure Subjective rating " " "
Housing Unit: Electrical System
Capacity vs. load Frequency of blown fuses 1-3 Resident | TH
Condition of switches Number malfunctioning 1-3 " "
Convenience outlets Subjective rating 0,1 " "
Housing Unit: Appliances and Furniture

Cooking range:

Existence No, yes 0,1 Resident | TH

Condition Subjective rating 1-5 " "

Provided by landlord | No, yes 0,1 " "
Oven:

Existence No, yes 0,1 Resident | TH

Condition Subjective rating 1-5 " "

Provided by landlord | No, yes 0,1 " "
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Table A-2 (Continued)

Source of Data
Range of
Unit or Method Coded HASE
Attribute of Measurement? Values Primary Fileb
Housing Unit: Appliances and Furniture (Cont.)
Refrigerator:
Existence No, yes 0,1 Resident | TH
Condition Subjective rating 1-5 " "
Provided by landlord No, yes 0,1 " "
Dishwasher:
Existence No, yes 0,1 Resident | TH
Condition Subjective rating 1-5 " "
Provided by landlord No, yes 0,1 " "
Clotheswasher:
Existence No, yes 0,1 Resident | TH
Condition Subjective rating 1-5 b "
Provided by landlord No, yes 0,1 " "
Clothesdryer:
Existence No, yes 0,1 Resident | TH
Condition Subjective rating 1-5 " "
Provided by landlord No, yes 0,1 " "
In—-sink garbage disposal
Existence No, yes 0,1 Resident | TH
Condition Subjective rating 1-5 " "
Furniture provided by landlord | No, yes 0,1 " "
Housing Unit: Related Facilities and Services
Offstreet parking No, yes 0,1 Resident | TH

SOURCE: Ann W. Wang, Doris Crocker, and Stephanie Schank, Codebook for the
Baseline Landlord Survey in Site I, The Rand Corporation, WN-8976-HUD, March
1975; HASE Survey Group, Codebook for the Survey of Tenants and Homeouwners,

Site I, Baseline, The Rand Corporation, WN-8809-HUD, December 1975; Ann W. Wang
and Charles W. Noland, Codebook for the Baseline Survey of Residential Build-
ings in Site I, The Rand Corporation, WN-8810-HUD, February 1975.

NOTE: Survey instruments for postbaseline cycles in Site I and for all cycles
in Site II may vary in attributes reported, units or methods of measurement, oT
range of coded values.

a.. . . . . . a1 .
Fieldworkers administering the survey of residential buildings were trained
in assigning "subjective" ratings. Interview respondents applied their own
standards based on question wording.

bLL = survey of landlords; TH = survey of tenants and homeowners;
SRB = survey of residential buildings; and PR = survey of public records.
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HASE WORKING NOTES REISSUED AS RAND NOTES

Most HASE publications that originally appeared as working notes (WN-
series) are now being reissued as Rand notes (N-series) to make them avail-
able to a wider audience. Except as noted in the preféce of each reissued
document, its text and pagination are identical with the preceding WN.
Rather than alter text citations of other reissued documents to reflect
their current publication numbers, we provide the following list of corre-
sponding numbers. Interested readers may order publications in the N-series

from The Rand Corporation's Publications Department.

Former Current Former Current Former Current
WN-7711-UI  N-1025-HUD | WN-8684-HUD N-1068-HUD WN-9709-HUD N-1113-HUD
WN-7833-HUD N-1026-HUD | WN-8686-HUD N-1069-HUD WN-9723-HUD N-1220-HUD
WN-7866-HUD N-1027-HUD | WN-8687-HUD N-1070-HUD WN-9724-HUD N-1221-HUD
WN-7883-HUD N-1028-HUD | WN-8688-HUD N-1071-HUD WN-9725-HUD N-1222-HUD
WN-7885-HUD N-1029-HUD | WN-8689-HUD N-1072-HUD WN-9726-HUD N-1223-HUD
WN-7888-HUD N-1030-HUD | WN-8715-HUD N-1073-HUD WN-9727-HUD N-1224-HUD
WN-7895-HUD N-1031-HUD | WN-8809-HUD N-1074-HUD WN-9728-HUD N-1225-HUD
WN-7901-HUD N-1032-HUD | WN-8810-HUD N-1075-HUD WN-9732-HUD N-1115-HUD
WN-7907-HUD N-1G33-HUD | WN-8811-HUD N-1076-HUD WN-9734-HUD N-1116-HUD
WN-7953-HUD N-1034-HUD | WN-8819-HUD N-1077-HUD WN-9735-HUD N-1117-HUD
WN-7974~HUD N-1035-HUD | WN-8973-HUD N-1078-HUD WN-9736-HUD N-1118-HUD
WN-7980-HUD N-1036-HUD | WN-8974-HUD N-1079-HUD WN-G737-HUD N-1119-HUD
WN-7982-HUD N-1037-HUD | WN-8976-HUD N-1080-HUD WN-9738-HUD N-1120-HUD
WN-8025-HUD N-1038-HUD | WN-8977-HUD N-1081-HUD WN-9739-HUD N-1121-HUD
WN-8029-HUD N-1040-HUD WN-8978-HUD N-1082-HUD WN-9801-HUD N-1122-HUD
WN-8034-HUD N-1041-HUD WN-8980-HUD N-1083-HUD WN-9802-HUD N-1123-HUD
WN-8054-HUD N-1042-HUD WN-8999-HUD N-1084-HUD WN-9814—-HUD N-1124-HUD
WN-8101-HUD N-1043-HUD WN-9015-HUD N-1085-HUD WN-9816-HUD N-1125-HUD
WN-8167-HUD N~-1044-HUD WN-9016-HUD N-1086-HUD WN-9895-HUD N-1126-HUD
WN-8174-HUD N-1045-HUD WN-9020-HUD N-1087-HUD WN-9901-HUD N-1127-HUD
WN-8198-HUD R-2630-HUD WN-9022-HUD N-1088-HUD WN-9949-HUD N-1128-HUD
WN-8201-HUD N-1047-HUD WN-9026-HUD N-1089-HUD WN-9979-HUD N-1129-HUD
WN-8209-HUD N-1048-HUD WN-9027-HUD N-1090-HUD WN-9980-HUD N-1130-HUD
WN-8218-HUD N-1049-HUD WN-9029-HUD N-1091-HUD WN-10029-HUD N-1131-HUD
WN-8268-HUD N-1050-HUD | WN-9051-HUD R-2630-HUD WN-10039-HUD N-1132-HUD
WN-8350-HUD N-1051-HUD WN-9070-HUD R-2630-HUD WN-10057-HUD N-1133-HUD
WN-8364-HUD N-1052-HUD WN-9079-HUD N-1094-HUD WN-10073-HUD N-1134-HUD
WN-8396-HUD N-1053-HUD WN-9098-HUD R-2630-HUD WN-10074-HUD N-1135-HUD
WN-8439-HUD N-1054-HUD WN-9211-HUD N-1096-HUD WN-10086-HUD N-1226-HUD
WN-8468-HUD N-1055-HUD WN-9229-HUD N-1097-HUD WN-10095-HUD N-1136-HUD
WN-8489-HUD N-1056-HUD WN-9292-HUD N-1098-HUD WN-10139-HUD N-1227-HUD
WN-8547-HUD N-1057-HUD WN-9307-HUD N-1099-HUD WN-10200-HUD N-1137-HUD
WN-8574~HUD N-1058-HUD WN-9390-HUD N-1100-HUD WN-10223-HUD N-1138-HUD
WN-8577-HUD N-1060-HUD WN-9400-HUD N-1101-HUD WN-10293-HUD N-1139-HUD
WN-8588-HUD N-1061-HUD WN-9430-HUD N-1102-HUD WN-10294-HUD N-1140-HUD
WN-8611-HUD N-1062-HUD WN-9444~HUD N-1104-HUD WN-10422-HUD N-1142-HUD
WN-8612-HUD N-1063-~HUD WN-9541-HUD N-1106-HUD WN-10432-HUD N-1143-HUD
WN-8623-HUD N-1064-HUD WN-9575-HUD N-1107-HUD
WN-8640-HUD N-1065-HUD WN-9576~HUD N-1108-HUD
WN-8645-HUD N-1066-HUD WN-9577-HUD N-1109-HUD
WN-8682-HUD N-1067-HUD WN-9651-HUD N-1112-HUD
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