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ABSTRACT

The major purpose of this paper i1is to develop an important sumeary measure
of housing based on hedonic indices. The analysis of changes in housing

15 a central issue 1n the Demand Experament. There is, however, no gener-
ally agreed upon measure of housing and housing quality. Thls paper assesses
alternative measures of housing and proposes a general measure of housing

based on estimated hedonic indices for use in later analysais.

Hedonic indices relate rent to measures ¢f housing characteristics and thus
provide one way of aggregating the many characteristics into an overall
index of qualxty. There are several reasons why this approach 1s especially

useful to the analysis of the Demand Experiment.

First, an hedcnic aindex can incorporate a wide range of attri-
butes i1nto one measure of housing, including not only the
quality and size of the dwelling unit, but alsc many charactexr-—
istics of the neighborhood, such as the guality of its housing
stock and the gquality of public services provided.

Second, the hedonic index provides a stable and reascnable
measure of heousing over the two-year experimental period. The
change i1n the housing index i1s adjusted for a variety of factors
which may affect rent, including inflataon, discounts for long
tenure, or changes in landlord/tenant relations.

Third, the hedeonic approach permits investigation of a number

of topics which bear on the analysis and understanding of the

Demand Experiment. These include price discraimination against

residents of minority neighborhoods, other types of housing

market segmentation, and factors which result 1n some house-

holds getting a "better deal" for their money.
The derived hedonic indices presented in this report are based on evaluations
of i1ndividual units by site office staff, participant ratings of their neigh-
borhood, and cther Census and local government data. They account for from
66 to B0 percent of the variation i1n rent and confarm the importance of

dwelling unit and neighborhood amenities, as well as other nongqualaty

characteraistics, such as length of tenure, in determining market rent.
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SUMMARY

Appropriate measures of housing are essential to address most of the policy
concerns 1n the Demand Experiment, including the design of an effective
housing allowance and the comparison of the housing allowance, other hous-
ing programs, and general i1ncome maintenance, Some of the major analytac
1ssues being addressed include:

the extent to whaich the allowance 1s translated into
improved housing;

the extent to which the relative cost of housing and the
amount ¢f housing purchased vary among different demo-
graphic groups or different experimental programs;

the extent to which the cost of housing obtarned under

housing allowance programs differs from that in existing

housaing programs.
This paper describes the development of an important summary measure of
housing: a housing index derived from an hedonic model of housing. In
addition, the model has been used to explore several topics pertinent to
greater understandaing of the experimental results such as price discrimina-
tion against minorities, housing market segmentation, and the discount asso-
ciated with long-term residence 1in a rental unit. The actual application
of the housing index to measure housing change in the experament wall be

described 1n other reports.

A house or apartment 15 a complex bundle of attributes including not only

the attributes of the unit i1tself, but also i1ts nelghborhood, and the gquality
of public and private services available. Any apprecach to measuring housing
involves a decision as to which attributes of the housing bundle should enter
into the definition of housing and how they should be weighted in determainang
the overall level and quality of housing services. $Since a means of combining
and weighting attributes 1s not given, it must be derived from some external
criterion, such as market value, consumer satisfaction, or a normative con-
cept of adequacy. The approach to these issues depends on whose point of
view 18 being considered and what use i1is to be made of the quality measure.

Policymakers, health and safety planners, environmentalists, individual




consumers, and the "marketplace" may each select and weight housing attra-
butes quite differently. Thus, it should be emphasized that no single

definition of quality is likely to be i1deal for all purpecses.

Measurement of Housing Quality

Three approaches to measuring housing gquality will be used in the Demand
Experiment: a measure of housing standards, reflecting policy concerns;
individual preferences and satisfaction with their dwelling unit and neigh-
borhood, reflecting the extent to which the unit conforms to the households'
own needs and desires; and an index of housing services, reflecting market
value. Each of these approaches addresses a unique aspect of housing gqual-

1ty. Used aleone, ncne 1s 1deal but each complements the others.

In terms of policy criteria, one of the experamental programs includes a
Minimum Standards housing requirement, which participants must meet in
order to receive an allowance payment. These Minaimum Standards represent

a modified subset of the American Public Health Association code and are
very like the housing reguirements used in the Sec¢tion B8 Existing Housing
Program. They thus provide a good proxy for a policy measure of acceptable

housing.

at the same time, whether a unit passes or fails such standards provides a
very limited measure of housaing guality. Units are either acceptable or
not; there are no gradations of guality. Furthermore, the measure 1is
limited to a few features of the unit 1tself; 1t provides no indication of
neighborhoed quality, nor any reflection of recipient satisfaction with
housing. Finally, the Minimum Standards themselves are not irrefutable.

Any specific i1tem may be challenged.

Another method for rating the gquality of units is to use the tenant's
expressed satisfactlon with the unit and 1its neighborhood. Such measures
are discussed in other reports (Weinberg et al., 1977; Atkinson and Phipps,
1977). These measures complement the Minimum Standards and the housing
index by taking explicit account of recipients'® own sense of the adequacy

of their housing.

While all three measures are discussed, this paper 1s devoted largely to

the hedonic index approach for measuring housing quality. The report



applies the hedonic approach to data from Pittsburgh and Phoenix and

explores the meaning and limitations of the resulting indices. In addition
to separate housing indaces for Pittsburgh and Phoenix, a common index which
combines the data for the two cities has been developed to be used in cer-

tamn analyses,

The hedonic approach assumes that, for the market as a whole, rent i1s strongly
related to the guality and gquantity of housing, in the sense that highexr
priced units reflect a general consensus that they offer more or bettexr hous-
ing. However, rent 1s also determined by a variety of other factors not re-
lated to housing. Inflation, by defainition, raises the dollar amcunt of rent
without changing quality. BAlso, long-established tenants may pay lower rents
because they are known to the landlord as good tenants, or because long res-
idency may veduce landlord costs, or simply because i1t 15 easier for land-
lords to adjust rents upward when a unit is turning over. Racial discrim-
ination may force mnorities to pay more for comparable units. Indivadual
households may simply obtain better deals, paying less than others for a

given guality unit,

Hedonic indices essentially attempt to sort out the influence of housing and
nonhousing factors in determining the market value of units (their rent).
This allows the construction of indices which are sensitive to both unit and
neighborhood characteristics and which do not i1nclude nonhousing factors

suc¢h as inflation, tenure conditions, or racial discriminaticn.

Summary of the Results

The results of research done on hedonic indices, summarized below, describe
both the characteristics of the hedonic model and the results of some of the
applications of the model to assessing market segmentation, stabilaty over
the experimental peried, and the extent of differences an the Pattsburgh
and Phoenix housing markets.
1. The explanatory power of the hedonic estimates in Pittsburgh
and Phoenix 1s ¢uate high.
In Pattsburgh, 66 percent of the variation in rent (and in the
logarithm of rent) is explained by the available data; in

Phoenix, nearly 80 percent of the variation 1s explained.



These results give scome assurance that the hedonic approach
provides reascnable measures of housing guality.

A large number of variables representing housing attributes
are significant; furthermore, they represent attributes from
all major component groups of the housing bundle.

The significant variables represent dwelling unit facilaties,
dwelling unit quality, dwelling unit size, and neighborhcod
public services and amenities. 'Thus, the measure of quality
will be sensitive to changes in the consumption of a very
broad range of housing services. Moreover, 1f interest
centers on the derivation of subindices representing dwelling
unit qualaity or neighborhocd gquality, these subaindices should
also be sensitive to changes in many indrvidual attributes.
Many tenure characteristics are significant in explaining
variations in rent.

The equations show that conditiong of tenure (particularly
length of residence, but alsco relationship to landlord, or
presence of landlord in the same burlding) do, an fact, have
an 1mportant effect on observed expenditures. This finding
confirms the need to adjust for such factors when assessing
¢hanges 1in housaing quality. For example, the estimated
discount associated with a ten~year length of residence is
about $15 per month in Pattgburgh and over $20 in Phoenix.
The hedonic model appears to provide stable and reasonable
estimates over the two-year experimental period.

The change 1in housing during the experaiment 1s evaluated with
reference to an index formed at the baseline pericd. This
was done primarily because the baseline sample of households
is by far the largest sample appropriate for estimation.

In fact, the baselaine model predicts at two years just as
efficiently as a model estamated at the two-year period.
There 1s some evidence of price discriumination against
residents of black submarkets in Pittsburgh.

Extensaive tests for price discrimination, on the basis of

race of household and submarkets of different racial



composition, were conducted in Phoenix and in Pirttsburgh.
Residents of ghetto areas in Pittsburgh--that 1s, in sub-
markets where more than 50 percent of the residents are
black--appear to pay a price premium. It i1s small, however
--about 4 percent. No evidence of price discrimination

against either black households or Spanish American house-
holds was found in Phoenix.

Housing market segmentation dees not appear to pose any

serious wproblems for the use of hedonic indices to measure
housing qualaity.

To test for housing market segmentation, separate equations
were estimated for central city and suburban areas as well

as for racial submarkets. No evidence of central city/
suburban segmentation exists in either Patisburgh or Phoenix.
While there 1s some evidence of segmentation between minority
and white neighborhoods (Census tracts) and/or between minoraity
and white households, 1t 1s manimal. The price markup found in
Pittsburgh ghetto neighborhoods does not affect use of the
index. Thus, 1t seems approprlate to use one housing index

for all participants within each city.

An index derived from Pittsburgh and Phoenix data combined
provides an approximate way to make direct cross-site comparisons.
Housing outcomes within each site will generally be described
using the specific index derived for the site. However, 1f a
direct comparison 1s desirable, a common 1ndex 1S necessary.
While the common index appears reasonable, the Pittsburgh and
Phoenix housing markets are 1n fact different and a common index
must be viewaed as an approximate measure,

Estimates of the rate of ainflation a1n Pittsburgh and Phoesnax
confirm the need to adjust for inflation in evaluating the
change in housing.

Two different estimates have been made ain each city of the rate
of inflation during the two-year experimental period. One is
based on the hedonic estimates and one 1s based on the change

an actual rent for households that did not move. Waithin each




city these estimates are close to each other. The inflation
rate in rental housing costs over two years (roughly 1973-13273)
appears to be about 13 to 15 percent ain Pattsburgh and 7 to 10

percent in Phoenix.



CHAPTER 1
INTRODUCTION

One of the major tasks of the Housaing Allowance Demand Experiment 1s to
compaxre the housing cbtained by allowance recipients under different
allowance programs with the housing obtained by nonrecipients. Thas, of
course, requires the abilaty to measure housing to determine whether one
house 1s better than another and by how much. But housing 1s a multi-
dimensional concept. Many types of attributes define a house, and a given
dwelling unit may be adequate in some respects, but not cthers. Overall
comparison of different units requires that attraibutes somehow be aggre-
gated into a summary measure. Unfortunately, there 1s no single,
“ocbjective" approach to defining and weighting housing attributes that
satisfies all policy or analytical concerns. Different groups-—such as
individuals, policymakers, and the "market"--attach different importance
to the various attributes. And, since these orderings are not generally
cbserved, some external criterion--such as consumer satisfaction, social
adequacy, or market rent—-must be chosen in order to derive relevant
welghts. Thus, three major issues arise in defining an appropriate pro-

cedure for measuring housing:

Which of the many dwelling unit and neighborhood attributes
are relevant in descrabing housing?

How should these attributes be defined?

How can these attributes be combined into a summary measure
-~that 1g, since weights are net observed, how should they

be derived?
Policymakers, for example, may focus on a selected number of dwelling unit
characteristics that concern safety or adequacy. Attributes are frequently
defined on a binary basis, that i1s, as "adequate"™ or "inadeguate." Since
different policymakers and planners have different concerns, however, many

sets of attributes and many approaches to welghting these attributes may

evolve.




Thus, for example, one of the programs tested in the Demand Experiment

includes a specific set of Minimum Standards for housing, including phys-
1cal standards for recipient dwellang unlts.l These standards are based
in part con the American Public Health Association model housing code and
resemble the standards adopted for the Section 8 Existing Housihg Program.
Yet although the Minimum Standards requirement or similar requirements
can serve as a reasonable proxy for the policy adegquacy of a unit, it
would be difficult to argue that they are the single policy standard.
Indivaidual policymakers would undoubtedly quarrel with the inclusion or

exclusion of certain reguirements or with their relative importance.

Since the Minimum Standards requirement includes neither nerghborhood
characteristics nor certain dwelling unit attributes, measures based on

them fall short of describing overall quality. In addition, because they

are defined on a pass/fail basis, the standards are extremely insensitive;

no improvement 1s recorded unless all itens pass and major and mainor repairs
cannot be differentiated. Some of these disadvantages can be lessened by
using the Minimum Standards components to form an index, such as the sum

of the components that are passed by the dwelling unit. However, neighbor-
hood attrabutes are still left ocut, and the equal weights given the various
components in forxming the index do not necessarily reflect any policy weight-

ing of component importance.

Housing may also be measured in terms of individual household needs and
satisfaction. 1In this case, the measure is idiosyncratic; each household
defines 1ts own needs and thus whether its housing i1s adequate. Without
a general consensus concerning reasonable levels of housing, however,

measures based on expressed household dissatisfaction may only reflect

lThe definition of Minimum Standard housing is found in Appendix V.
Standards for 15 attributes of the dwelling unit, such as plumbing, heating,
electrical facilities, and interior and exterior quality are included.
Minamum Standards are one part of the requirements used in the Housing Gap
Minimum Standards program tested in the Demand Experiment. In order for
households 1in this program to receive Ffull payments, their dwelling units
must meet all the physical requirements of Minimum Standards, as well as
an cccupancy requirement. The occupancy requirement 1s also described in
Appendix V. Alternative standards levels are described in Abt Associates
Inc., Working Paper on Early Findings, Cambridge, Mass., Janunary 1975.




unreasonable desires or the inadequacy of a unit in terms of the house-
hold's unigue carcumstances and needs. Likewise, expressed satisfaction
may be attacked as reflecting not only whether a unit 1is adequate, but also
the extent to which the individual has simply given up his just hopes and

aspirations in the face of apparently hopeless odds.

The credibility of individually based measures of housing can be improved
by identifying some common consensus about what constitutes adequate or

inadequate, or better or worse, housing. Thus, for example, expressed

housing preferences and the housing actually purchased by different house-
holds may be examined to rdentify and weirght some underlying set of basic
housaing attributes. However, given the wide variety of i1ndividual tastes
and specific housing needs in terms of c¢limate, household size, household
composition, and lafestyle, 1t may be extremely difficult to identify such

4 COonsensus in a Convincllkyy way.

One approach to this problem 1s to regard a unit's market value (its rent)
as reflecting, at least 1n part, a general consensus about the amount and
quality of housing services that the unit prevides. The problem in thas

case 18 to sori out the relation between rent and housing services in order

to identify a general index of housing. Such measures are market specific;
they do not claim te rdentify either underlying indavidual preferences or
any long-run production function, and they may vary from city to caty and
over tame. Within a specific market, however, they can provide the basis
for a sensitive index of housing based on a wide variety of unit and neigh-

1
borhood attxibutes.

This report concentrates on the development of a broad index of housing
based on market values. This 1s the hedonic approach to housing measure-—
ment, which assumes that the dwelling unit and 1ts location {or neighbor-
hood) may be defined in terms of various attributes and summarized by a
particular weighted sum of these attributes. Since the weights cannot bhe
cbserved directly, they are estimated by regressing rent on the various

attributes. The estimated coefficients are then used to aggregate housing

1
For a more complete discussion of the theory of hedonic indices,
see Appendix I.



attributes into an overall index of housing services. In effect, the
hedonic index of housing reflects the noticn that, in the market as a whole,
the relatave rent commanded by a unit reflects the housing services that it
rrovides. If rent were related only to housing services, then hedomic
indices would be unnecessary; rent could be used to evaluate the unit .
directly. Relying solely on expenditures to measure gquality poses certain
problems, however, A discussion of these problems also indicates how an

hedonic measure of quality will be ugseful in analysis.

Some portion of the variation 1n unit rents may be due to factors not
directly related to housing services, such as inflation in housing prices,
the possible rent premiums paid by recent movers, or other particular condi-
tiong of tenure, such as being related to the landlerd. The result is that
different amounts of housing may be purchased at a given level of rent. The
hedonic regression attempts to sort out the influence of such nonhousing

factors on rent.

Variation in rents may alsco reflect the existence of submarkets. The use of
expenditures as a measure of guality assumes that the housing market is uni-
fied, so that all households have equal access to every unit. If the market
is segmented into submarkets because of neighiborhood characteristices, the
socioeconomic preferences of residents, or racial discrimination, rent/
quality differentials may exist, and individuals paying the same amount of
rent may obtain different housing. The hedonic approach provides a method
for assessing the extent of market segmentation. However, the existence of
independent submarkets, in which the relative prices of attributes are
markedly different, could undermine the use of a unified (market-wide)

hedonic i1ndex by clouding interpretation of the housing attraibutes weights.

Finally, some households may be more able, or careful, or lucky, than others
in shopping for housing. Thus individual households may achieve a given
quality at a rent below the average market cost for that qualaity. In fact,
differences i1n the incentives provided by the different programs tested in
the Demand Experiment may add to existing differences in shopping abilaity or
search behavior. For example, the Housing Gap Minimum Standards plan may
encourage shopping practices different from the Minimum Rent or Percent of

Rent plan to the extent that more care i1s taken to find housing meeting the
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1 .
Minimum Standards at the lowest available rent. The hedonic approach
allows for an assessment of this behavior and more generally provides a
means for adjusting individual drfferences by estimating a general market-

wide relationship between rent and quality.

Several other analytical i1ssues may be addressed by using hedonic measures
of housing quality. For households that do not move, but whose rent in-
creases, 1t 18 useful to determine whether any detectable change in quality
accompanied the rent increase. This 1s particularly relevant in ‘evaluating
Minimum Rent households that do not move, but whose rent increases suffi-
crently to meet the Minimum Rent requirement. A housing index méy’also he
useful 1n assessing the approximate value of changes for Minimum Standards

households that upgrade and comparing this with any increases 1n rent.2

In addition, dafferences in the relationship between rent and quality may
affect a household's level of satisfaction, 1ts propensity to move, and
possably 1ts desire to participate in the experiment. For example, house-
holds that get a better deal for their money may have less incentive to
move or Lo participate in the program. Thus, hedonic measures of rent/
quality ratios may be useful in analyzing the response of households to

the housing allowance program.

Like all aggregate indices, hedonic indices may mask rmportant information
about specific aspects of housing change. In addition to examining changes
in individual attrabutes, hedonic indices may also be used to form sub-
indaices. Thus, for example, 1f unit size, neighborhocd characteristics,
and other dwelling unit descriptors are all entered in the hedonic index,
subaindices may be formed for neighborhood and unit attraibutes or for unit

quality in terms of a gaiven unit saize.

On the other hand, some quality features may have no rent value. Por

example, although high quality paint, copper water pipes and craftsmanship

1
See Appendix IV for a brief description of the plans tested in
the Demand Experiment.

21t 1s unciear whether hedonically derived indices waill be sensi-
tive enough to provide a complete analysis of such 1ssues. Fortunately,
other data, particularly survey responges, are avallable on the changes
made i1n the units of households that do not move.
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commonly command some market price in purchased housing, they probably do
not affect rent. Returns to a landiord take place through lowered mainten-—
ance costs or longer building 1:ife, not directly through higher rent.
Similarly, many features required by law, especially if the reqﬁlrement
varies by building size, may command no rent value and affect only profit
and less. Other items, valued by consumer and policymaker alike, such as
the absence of lead-hased paint, may have no effect on rent because they
are samply not visible. If buyers are unaware of whether the hazard
exists, they will not pay more to avoid it. Thus the hedonic index cannot
fully replace more explicaitly policy-oriented measures such as those based

on the Minimum Standards used in the experiment.

Likewise, while thé hedonic index may claim to reflect an overall market
consensus about the amount and quality of housing services provided by a
unit, 1t does not assess the extent to which a unit meets the needs of an
individual household. Thus, in particular, a Minimum Standards requirement
may requlre househclds to purchase units that meet Minimum Standards at the
cost of sacraificing qualitaies of space or location that the household would
prefer., Differences in expressed satisfaction, on the other hand, may pro-
vide a much better measure of the extent to which an individual household's

housing preferences are met.

To summarize, an hedonic index attempts to provide an overall index of
housing, independent of the effects of tenure characteristics, inflatzon,
price discriminatlion, and shopping ability. It facailitates an analysis of
housaing change for households that do not move but upgrade their unats, as
well as for households that move. The relationship between the index and
rent may help assess experimentally induced differences in shopping abilaity
and may contribute to an analysis of satasfaction, moving behavior, and

partacipation.

No general agreement exists, however, on a unigue definition of guality,
nor, from a policy perspective, on the "goodness” of dwelling unit attra-
butes. BAn hedonic index, for example, cannot differentiate housaing
quantity and quality; rather, this distainction must be made by the house-
held or a normative gstandard. Thus, in the analysis, the term housing

guality, in the broad sense, includes several other measures, such as the

12



Minimum Standards, expressed satisfaction, measures of crowding, and
andividual attributes of the dwelling un:t and neighborhood. The hedonic
index 15 used 1n conjunction with these measures to provide a more com-—

plete pacture of housing change.

The next four chapters (Chapters 2=5) consider the hedonic approach to
guality measurement. This depth of coverage is necessary because the
development and interpretation of an hedonic regression is complex.
Chapter 2 describes the general hedonic approach to indexing housing, ...
discusses the functional form of the equation, and outlines the regres-
sion strategy used to define a "good" equation. The estimated hedonic
equations are presented in Chapter 3. Chapter 4 assesses the stabilaty
of the hedonic weights within and between the two Demand Experiment sites

and over time. Finally, Chapter 5 1llustrates the use of hedonic indaces

in considering the effects of racial and ethnic segregation.
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CHEAPTER 2
THE HEDONIC APPROACH

Empirically, the hedonic approach refers to systematic regressions of rent
on housing characteristics. This approach has been applied to housing for

a variety of analytical purposes,

Robert Gillingham (1975}, for example, has used hedenic equations to con-
struct price indices for housing across cities. Thomas King (1973) employed
hedonic regressions to analyze the effects of property tax rates on housing

price——that 1s, to determine the extent to which taxes are capitalized into

location value.

Analysis of the effects of neighborhood amenities and public services on
housing price and locational choice 1s frequently based on hedonic regres-
sions. The measurement i1ssues associated with defining appropriate neigh-
borhood attributes have been analyzed by John Kain and John Quigley (1970)
and by Thomas King (1973). Interest has centered both on general neirghbor-
hood quality and on specific attributes such as school and police quality.
The effect of air pollution on preoperty values has been estimated using

hedonic regressions (Ridker and Henning, 1967).

Hedonic regressions have also been used extensavely i1n analyses of price
diserimination against minority househelds. To the extent that hedonic
equations permit "standardization" of the housing bundle, the question of
whether minority households pay more than nonminorities for equivalent

housing can be addressed dlrectly.l

Finally, much recent analysis has focused on determaning the extent to
which local housing markets are segmented into discrete submarkets, each

with 1ts own price structure, In order to assess the extent of market

lThe effect of racial discrimanation on housing prices has been
analyzed in: Ridker and Henning, 1967; Haugens and Heins, 1969; Kain and
Quigley, 1975; King and Mieszkowski, 1973; Quigley, 1974; Stengel, 1973;
Schnare, 1974; Gillingham, 1975; Muth, 1969; Rapkin, 1966; Bailey, 1966;
Lapham, 1971; Daniels, 1975; Berry and Bednary, 1975; Merrill, 1976.
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segmentation, hedonic equations have been stratified by numerous neighbor-

hoed attraibutes, by tenure and structure type, by politacal jurisdictions,
and by househeld characterlsta.cs.l In several cases, the regression coceffa-
cients have been used as attribute prices in estimating demand functions for
housing attrabutes. Both King (1973} and Strazhemn (1975), for example,
have assessed the variation in demand for attributes in response to varia-

tion in their prices {see Strazheim, 1975; King, 1973).
The hedonic model estimated for housing i1s generally of the form
(1) R = ¥{(D,N,A,T,H).

Rent (R} i1s expressed as a function of dwelling unat characteristics (D),
neirghborhood attributes and amenities {N), access characteristics (a), and
conditions of tenure (T). Frequently, household characteristics (H), such
ag race, are also included in order to test for price differentials bhased

on these characteristics.

The determinants of rent in Equat:ion {1l) include rtems, such as tenure
conditions or household characterastics, that do not invoelve the gualaty
of the unit 1tself. Thus, af Xl rs the vector of guality attraibutes for a
particular unit, and Zl 1s the vector of nonguality attributes, one can

estimate
2 R =F(X ,2 ,e
(2) L = F(X,2 ,e)

where el 1s stochastic and use ﬁl = ﬁ{xl,EATO}as an index of housing quality,

where El represents some fixed values for nonguality items.

Humerous questions must be addressed, however, in order to make the model
operaticnal. First, there are many potential measures of housing attributes,
many of which are highly correlated with one another. 2As usual, some basic
strategy must be adopted for variable definition, wvariable inclusieon, and
assessment of the remaining collinearaity among variables. These issues are

discussed in Section 2.1,

lSee for example, Stragzheam, 1973; Quigley, 1973; Schnare and Struyk,
1974; Kain and Quaigley, 1975.
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Second, theory provides little or no guidance as to the form of the hedonic
function, except that 1t may often be nOnllnear.l Section 2.2 discusses
and compares the twe functional forms dealt with in this report--a linear

and semzlogarithmic form.

Finally, the exact use of the hedonic index depends to some extent on the
form adopted and on the interpretation developed for the estimated coeffi-

cilents and residuals. Thiais issue 1s discussed in Section 2.3.

2.1 SPECIFICATION OF THE HEDONIC EQUATION

Derivation of the "best" or final form of the hedonic equaticon s a complex
and often ad hoc empirical process., Neither the other types of models used
1n housang market analysis nor the general hedonic model provides much
guidance in the selection or defanition of appropriate variables. There

are many potential variables and they are often highly correlated, so that
empirical tests often do not readily distinguish among alternative subsets,
This section describes the sample and basic procedure used in estimating the

final hedonic eqguation,

Sample and Data Sources Used for Estaimation

The sample used to estimate the hedonic equations 1s based on all households
enrolled in the experiment. The sampling procedure used to select partici-
pants 15 described i1n detall elsewhere (Abt Associates Inec., 1973). Two
summary comments are relevant, however., First, the sample does not repre-
sent a random selection of dwelling units; rather, 1t 1s a random and unh-—
stratified sample of renter households that meet certain eligibility require-
ments, pramarily an income limit that varies with household size. Second,
based on an examination of participant and Census data, the distribution of
democgraphic characteristics in the sample 1s quite similar to the daistribu-
tion of these characterastics in the city as a whole for households within

the same income la.mlts.2

lSee Appendix I.

2

For a complete description of the demographic characteristics of
the participants, refer to Abt Associates Inc., Working Paper on Early
Findings, Cambridge, Mass., January 1975,
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The necessary data were collected using several different instruments. The
dependent variable used in the hedonic regression 1s contract rent adjusted
to execlude utaility costs.l The housing attributes used in the regression
were of several types: most physical descraiptors of the unit were taken
from housing evaluations performed by site office staff in Pittsburgh and
Phoenlx; data on participant perceptions of their neighborhoods and on some
attributes of the dwelling unit were collected in the Baseline Interview;

various neighborhood descriptors were taken from the 1970 Census.

The Baseline Interview generally preceded the Tnitial Housing Evaluation by
three or four months.2 To assure that rent and dwelling unit data pertained
to the same unit, 227 households that moved between the Baseline Interview
and Initial Housing Evaluation were excluded. In addition, a smaller number
of households that had not moved were excluded because they lacked complete
data. The net sample used for estimation comprised 1,615 houscholds in

Pittsburgh and 1,614 hcouseholds in Phoenix.

Equatiocns for Pittsburgh and Phoenix were estimated separately, retaining

different variables in the two cities as appropriate. Differences between
the two cities are reflected in the final eguations reported in Chapter 3.
Pooled estimates were also developed using a common variable list for both

sites, as discussed in Chapter 4.

Regressicn Strategy

The four major criteria used ain deraving the final equation may be summarized

as follows:
=2
maximizing explanatory power, that is, maximizing adjusted R ;

inceluding a broad set of attributes whose coefficients are
significant at the chosen level and have the “expected" sign;

defining variables such that the stability of the estimated
coefficirents does not appear to be unduly affected by
collinearity; and

lThls adjustment 1s further discussed in Chapter 3 and Appendix IIT.

2See Appendix IV for a summary of the data sources.
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minimizing reliance on proxy relationships soO that all major
component groups, including dwelling unit guality, dwellaing
unit size, neighborhood gquality, accessibility, and tenure
relationships, are adequately repreéesented in the equation.

Test Strategy

Preliminary equations were estimated using a large number of the derived
variables in a given equation. The complete set of variables tested 1s
listed 1n Appendix VI. Many of the coefficients were smaller than their
standard errors or did not have the expected sign. Judgments about what
to do with these variables were based on examination of the variance infla-
tion factors, the correlation matrix, sample variances, and on inturtive
decisions concerning the importance of the attribute.l Many variables whose
coefficirents were approximately equal to their standard error were kept for
further consideration. Variables with the wrong signs, especially when the
coefficient differed significantly from zerc, were examined for evidence of
incorrect definition or specification, or of extreme coxrelation with other
variables i1n determining whether they should be redefined, combined with other

variables, or simply dropped from the equation.

The basic goal of subsequent estimations was to weed out superflucus varai-
ables and to find the most broadly descriptive combination of housing bundle
attributes, (A variable 1is defined as superfluous when 1ts exclusion or
inclusion in an equation does not "seriously" alter the other coefficient
estimates or their standard errors {(Rao and Miller, 1971;.) Alternative
definitions of variables were tested by using each definition in turn in

the same regression equation and theﬁ adopting the definition that gave the

smalliest residual sum of squares (Rao and Miller, 1971).

A stepwise regression routine was used to a Iimited extent in deriving the
2
best variable set. Sole rellance on the stepwise vegression results :is

inappropriate, since the procedure does not guarantee an optimal subset

lVarlance inflation factors, used to assess ¢ollinearity, are
defined bhelow.

The available program is basically a forward inclusion technique
(Statistical rackage for the Social Sciences, 19875). It first selects the
variable most highly correlated with the dependent variahle, The variable
that explains the greatest amount of variance i1n conjunction with the first
varilakle 15 entered next. Any level of significance for coefficients can
be defined to limxt the inclusion process.
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(see, for example, Hocking, 1976). This routine was used primarily to
search for the most significant neighborhood variables once an appropriate

set of dwelling unit attributes had been deraved.

The derivation of an appropr:iate set of neighborhood wariables was generally
much more difficult than the selection of a set of dwelling unit variables.
In additaion, correlations among the variables between these two attribute
groups are generally lower than correlations within each attribute group
-=that 15, the simple correlation between any given dwelling unit descraiptor
and any given neighborhood descriptor was generally quite low. Neighborhood
and dwelling unit variables were therefore viewed as "distinct" selts. Tests
to £faind the "best" set of dwelling unit variables were made using a tenta-
tive initial set of neighborhood variables; once dwellang unit descriptors

were fixed, alternative groups of neighborhood variables were then tested.

The test used for the final hedonic regressions was a t-statistic of at least
one. This wmplies a nominal level of sagnaificance of at least a = 0.25 for
a two-tailed test, and o = 0.125 for a one-tairled test. (Since prior expec-
tation as to sign exists for nearly all the coefficients, the one-tailed

test 15 generally appropraate.)

The use of a less stringent test level reflects an emphasis on predictive
power. The hedonic regression 1s used in analysis primarily to derive an
overall estimated housing index; predictive power 1s thus of major i1mportance.
The adjusted §2 for an equation is improved by retaining any variable that

has a t-statistic of greater than one (Haitovsky, 1969).l More generally,
various authors have pointed cut that the mean square error of prediction
wi1ll be reduced 1f what might be called the theoretical F-statistic {the
F-statastic using the true parameter values) 1s greater than one (see Edwards,
1%69; Rao, 1971; and Hocking, 1274), which leads them to suggest a test level
of one. (This applies to the t-statistic as well, since 1t as simply the

square root of the F-statistic for omne variable.) In addition, as Rao (1971)

1Ad]usted R2 =1 - (l—Rz){N—l)/N—K, where N equals the total obhser-—
vations and K equals the total number of parameters. Adjusted R® can decrease
when a new variable 1s added to the regression, even though R? increases. Thus
adjusted R< provides a check against the absurd extreme at which a "perfect"
fit of N observations is obtained by the use of K = N parameters.



points out, omission of a relevant predictor will bias the included vari-
ables correlated with 1t, whereas anclusion of an irrelevant variable intro-

1
duces no bias.

Collinearaty

Several groups of variables were very highly ceollinear. This was expected;
better housing units are frequently better in terms of many attributes and
are more often found in better neighborhoods. Any data set can be trans-
formed i1into an orthogonal set wrthout changing predict:ive power, so that
multicollinearity does not affect the averall fit of the model.2 It dees,
however, affect the relaabirlaty and stability of the coefficients. The
more collinear the variables are, the larger is the variance of estimates
of their coefficients. It therefore beccmes more difficult to reject the
null hypothesis that a coefficient 1s zero, and the coefficient estimates
become less reliable. If collinearity i1s severe, some coefficients may,
for example, reverse sign as a result of negligible changes in the data
(Marquart and Snee, 1975).3 Thus, although collinearity in the predictor
matrix cannot be changed-~this 1s a sample problem--it may be appropriate
to respecify highly collinear variables to help derive a more interpretable

set of parameter estimates.

This approach was followed in specifying the hedonic regressions. As dis-
cussed 1n Section 3.2, collinearity was particularly troublesome among
variables describing the surface and structural quality of the dwelling
unit, the characteristics of Census tracts, and residents' perceptions of
their neighborhocds. Data reduction technigues for highly correlated vari-
ables were used 1n preference to excluding some subset of the original vari-

ables. Although the mean predactive power is not reduced by exclusion of

1

These are heuristic arguments. It may be noted, for example, that
the estimated F-statistic is not an unbiased estmzmator of the "theoretical"
F-statistic.

2
It may, however, affect prediction 1n new samples in which the set
of associations do not resemble those in the sample used for estimation.

3

Prediction in the directions represented by changes in one of the
collinear variables, holding other variables constant, for example, has a
correspondingly larger variance.
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sufficiently insignificant variables, estimates of housing guality change
for an individual household will be less accurate if the "excluded" vari-

ables were the ones that changed.

Data reduction techniques such as principal components analysis allow
estimation of stable coefficients for the components, while retaining a
large number of data elements within the component itself (see, for
example, Cheng and Iglarsh, 1976}.1 These seemed more desirable than
proxy variables, such as median Census tract incame, which has frequently
been used to represent neighborhood quality. It 1s true that this quantity
is highly correlated with many attributes that define neighborhood quality,
but when used as a proxy it provides no ainformation about the relative
wmportance of attributes. Thus a quality index that relies on income to
measure neighborhcod guality is less likely to ke sensitive to real changes

in guality than is an index based on specific neighborhood attributes.

The extent of collinearaity in a regression model can be partially deter-
mined by assessing the simple correlation between any twe predictor vari-
akles to see whether any of the relationships seem excessive. Frequently,
however, the pattern of associations 1s more complex. Since linear depend-
ency may i1nvolve several variables, a more comprehensive approach, based
on the variance-covariance matrix of the estimated coefficients, 1s

desirable.

The variance-—covariance matrix of the estimated coefficients, B, 1s given

by:

(3) o) = o2x'x)"t,

where

B = the vector of estimated coefficients

(X‘X)ﬂl = the inverse of the variance-covariance
matrix of the independent variables, X
6% = the variance of the error term in the

regression, £, where e 1s dastributed
independently of X.

1In principal components analysas, the original variables are transg-
formed into an egual number of new variables called principal components.
These new variables are constructed so that they are not correlated. If
the first few components have relatavely large variances, these components
are then used to summarize the origanal data. Appendix VII includes a
discussion of this approach and a list of the variables so deraved.
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The variance of any particular ccefficient, Bj, 18 given by

(4) UB) = ¢ o2,
J Ji

-1
where ij 1s the jth diagonal element of (X“X} ~. If the variables, X, are
standardized, C 15 known asg the variance nflation factor and becomes in-
creasingly large as multicollinearity increases. For standardized variables,

} CJJ may be written as:

2
5 = 1/{(1-R_},
(5} Ct33 / J)

[

where Ri 1s the square of the multiple correlation between Xj and all the
other predictor variables in X. If an independent variable is orthogonal
to the remaining variables, R2 is zero and the variance inflation factor
1s one. As R? approaches onez ij becomes increasingly larger., Variance
inflation factors greater than four have been suggested as a rule-of-thumb
indacation that multicollinearity 1s excessive (Snee, 1970). When ij
equals four, Rﬁ = 0.75; only one-fourth of the variability of XJ is ortho-
gonal to the other predictors.

Appendix VIII lists the variance inflation factors, C 5 for the final full
sample equations discussed in Chapter 3. HNone is larger than 3.3 and most
are less than 2.0. This reflects the use of various data reduction tech-
nigues, such as principal components, as well as the fact that more collin-
ear variables have higher varaiances of estimate and are likely to be dropped
from the estimating equation. In any case, the Ffinal eguation does not seem

subject to instabil:ity due to ceollinearity between included variables.

Omitted Variables

Omission of variables from the estimating eguations increases the variance
of estimate, and, i1f the omitted variables change from sample to sample,
may cloud the interpretation of the hedonic residuals {in particular,

the extent to which they reflect omitted housing attributes in addition to
simple variation in the amount of rent paid for comparable units). Given
the complexity of the housing bundle and the possible sensitivity of value
to the exact arrangement of rooms, facilaities, and so forth, of course,

there will be omigsions from the variables list. To some extent, ainclusion
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of a wade range of both neighborhood and dwelling unit variables hopefuliy
reduces the effect of such omission. 1In addition, however, further efforts

were made to identify and, where possible, to reduce the effects of omitted

varirables.

The available neighborhood descriptors were generally felt to be less pre-
c1se than dwelling unit descriptors. Given the size of the sample, there
were severe limits to the level of resolution for neighborheod descraiptors.
Although ratings of the block face were available from the Inrtial Housing
Evaluations, most descriptors were only defined at the level of the Census
tract. This was particularly bethersome in Pittsburgh, whaich has a large
number of well-defined neaighborheods. Plots of residuals on maps of the
two sites were examined to identify any geographic groupings that might

indicate the systematic efifects of omitted neighborhocod factors.

In addition, efforts were made to reduce the sensaitivity of the estimated
coefficients to extreme values of omitted variables. Extreme outliers
were rdentified and the hedonic equations were reestimated without them

in order to assess their influence on the estimates.

Finally, the estimated residuals were themselves regressed on varicus
demographic variables. As discussed in Chapter 3, the results of these
regressicons at least suggest the nature of the variables included in the
omirtted items, Ill-conditioned residuals need not be solely due to omitted
variables, of course. The form of the hedonic equation may alse be mis~

specified. This 1s discussed further in the next section.

2,2 FUNCTTONAL FORM OF THE HEDONIC EQUATIONS

The general hedonic model does not dictate any particular functional form
for the relationship between the market price of a commodity and its attra-
butes. Most hedonlc regressions for housing have used either a linear form

or semllog form. The general linear form 1s

(&) Rj = gﬁlxlj + e:I

for households, "j," and attributes, "1," and the semilog form is

(7) inR = X + e .
3 EBl 1] ]
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Four crateria were used to assesg the linear and semileog functional forms:
interpretation of the 1mplied relationghip, explanatory power, heteroske-
dasticity of the error term, and use of the housing services index in the
analysis. Since, as detailed below, each form has particular advantages

and disadvantages, both equations were retained for use 1in the analyszis.

The first criterion 1s the a2 priori appeal of the implied relationship
between rent and the attributes. The semilog model represents a multi—
plicative relationship-~that 1s, i1t assumes that variables are jointly

related to rent. Thus,

N
(8) RJ = exp(l£0X1381 + ej).
The coefficients of the variables are interpreted as the percentage of
change in rent that results from a unait change in the level of the inde-
pendent variable. The semilog form 1s appealing because it allows for a
limited type of interaction among the variables. The implicit assumption
1s that the value of each attribute 1s a function of the overall amount
of quality of the unit. The dollar value of havang a garage, for example,
is assumed to differ for a high quality and a low gualaity un:t. In effect,
the semilog form uses the overall guality of the unit to scale the quality
of the garage. Since many variables are entered as {(0,1) dummies without
further rating of qualaty, this 1g a desirable feature. Most obviously,
the semilog form allows the estimation of a multiplicative relationship
between unit size and quality in which the absclute change in rent that
results from an increase in average interior gualaty will be greater for

larger units.

The linear form, on the other hand, allows for the explaicit introduction of
appropriate interdependencies. Some variables may ke independently and
others jointly related to rent (King, 1976). For example, it is unclear
whether the value of neighborhood attributes i1s necessarily proportional

to erther dwelling unit guality or size {Grether and Mieszkowski, 1974).
Some effort has been made to define variables that explicitly permit test-
ing for ncnlinear effects. For example, interaction variables were defined
relating number of rooms and interior guality, rooms and building type, and

interior guality and nerghborhood quality. The results were negative. In
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some cases these interactions were clearly insignificant; an other cases
the collinearity between the main effects wariables and the interaction
terms caused extreme changes in the coefficients, sometimes resulting in

a reversal of sign. Use of the interaction terms alone did not improve
explanatory power. Thus, either because the hypothetical interdependencies
were not important or because there were statistical chstacles to estima-

tion, the interaction terms have been dropped from the linear equations.

The second critericn for choosing between the linear and semilog forms

was explanatory power. The percentages of variance explained, _Rz, of the
linear form and semilog forms are nearly identical. However, this need not
mean that the forms are equally powerful. Since the dependent variables are
different, the residual sums of squares cannot be directly compared. One
approach, developed by Box and Cox (1964),1 uges the likelihood of the esta-
mated equation to compars explanatory power. As used here, the test essen-
tially asks whether transformation of the dependent variable (into log form)
is empirically appropzriate; 1f it is, the log likelihcod function for the

semileg equation will fall relative to that for the linear eguation.

In order to make this comparason, the variables and number of estimated
parameters in each equation must be the same., As described in Chapter 3,
the final hedonic semilog and linear equations have somewhat different
variable lists. Thus both a linear and semilog equation were estimated
and a separate test of explanatory power was made for each variable list.
For both variable lists in both cities the semrlog form of the equation

has somewhat better explanatory power than the linear form (see Table 2-1).

l‘l‘hls reference was peinted out to us by Zvi Griliches.

2 .

Statistical tests of the difference in the log likelihoed functions
for the linear and logarrthmic form must be regarded as being at best sugges—
tive. Following Box and Cox (1964), the general functional form being tested
1s

Rlul
A

+ A =XB + ¢

where ¢ 18 distributed N(0,0zl. Note that this reduces to

R
inR

BB+ for A =1,
X8 + & for A 0.

]

Il
]

{footnote continued)
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Table 2-1
COMPARISON OF LINEAR AND LOGLINEAR EQUATICNS

INDEPENDENT VARTABIE LIST TAKEN FROM
DEPENDENT
VARTABLE LINEAR EQUATION SEMILOG EQUATION
BPITTSBURGH
R, = .656 R = .656
Rent R = .648 R™ = .648
L = -4725.43 I. = -4676.15
B; = ,660 E; = .662
Natural Log Rent R = .653 R = .654
L -4641 .55 L = -4631.46
Difference between
log likelihoods A = B3.88 A = 44,69
2
X
.99 = 6.063
(1)
PHOENIX
Rg - 786 R = .786
Rent R = .783 Z = .783
L = -4866.62 L = =4871.38
E; = ,796 3; = ,804
Natural Log Rent R = ,793 R = ,800
L = =4852.21 L = -4816.82
Difference between
leg likelihocds A = 14,41 A = 54.56
2 -
X = 6.63
.99
{1)

SaMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enrollment, those with extreme values for resid-~
uals, and those living in a neighborhood with fewer than five enroclled house-

holds.

DATA SOURCES:

NOTE: Test due to Box and Cox, 1964.
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Gillangham (1973) offers another critericn by which to judge the linear
and semilog forms. A common type of heteroskedasticaity may occur in which
the standard error 1s proportional to the conditional expectaticn of the
dependent variable. The semileg form corrects for thas type of heteroske-
dasticity. Gillingham uses a modification of a test by Glejser (1263} in
which the absolute value of the residual 1s regressed on the predicted
value of the dependent variable, in this case rent or the natural log of
rent. In addition, the squared residuals are regressed on the predictions

of the dependent wariables. Thus, the proposed regressions are:

~ A

= o + BR + &
2 [e[llnear B
|AJ .\l/\
= o+ nk + ¢
¢ semilog 8
2 -
= + +
{linear) o BR &
2 = 81nR
(semilog) = qa + f1nR + £,

The predicted value 1s certainly an imperfect estimate of the condational
expectation. HNevertheless, a significant relationship is taken teo imply
that either the standard error or the variance of the residuals i1s propor-

tional to the xﬁ matrix. The results, shown in Table 2-2, do not andacate

(footnote continued)

Given any value of A, the maximum log likelihood 1s given, as usual, by
the QLS estimates of B, using the transformed variable, {Rl—l)/A. Thus
LM =~ 28 10 [@-p)62()/M) ~ (1-3)1ng,

where N 1s the number of observations, and 62 the mean squared error under
OLS estimation against the transformed wariable.

Box and Cox suggest that an estimate of i, i, may be obtained by finding
the value of A that maximizes L(}X). BAn approximate 100(i-a) percent
confidence interval for A 1s given by

L{A) - L(A) < %xzta)

(In the hedonic regressicns, for one degree of freedom, x2 (0,01} 13 6.63.)

Notice, however, that the comparaisen of L(A=l) and L(A=0} never deals with
L{x). Thus, since L{A) 2 L{A=1,0), the evidence is sufficient to reject
the hypothesis of a linear form (4=1). 7This 1s not, however, a2 test of
the semilecg form (A=0), nor can it be taken te indicate in any way that
the true value of A 1s closer to one than to zero (i1.e., that the true
form 1s closer to a semilog than a linear form}.
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Tabhle 2-2
TESTS FOR HETEROSKEDASTICITY

EQUATION
LINEAR SEMILOG
DEPENDENT ) —2
VARIABLE R Coefficrent t R Coefficient t
PITTSBURGH
fe] .035 .086 7.67 .008  ~,042 3.77
e? .030 .039 7.13 011 -.021 4.33
PHOENIX
lel .006 .027 3.26 .05 ~.075 9.44
e? .010 .018 4.10 .045  —.030 8.70

SAMPLE: All enrolled househclds, excluding those that moved between
the Baseline Interview and enrollment, those with extreme values for resid-
uals, and those living in a neighborhood with fewer than five enrolled
households.

DATA SOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Form, 1970 Census of Pepulataion.
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that the semilog form exhibits less hetercskedasticity than the linear
form. The R2 statistics for the semilog residuals are lower in Pittsburgh,

but higher in Phoenix, than those for the linear residuals.

Perhaps the strongest raticnale for retaining koth the linear and the semi-
log form 1s related to the use of the hedonic regressions in the analysis.
For much of the analysis, lnterest centers on the dollar value of the index,
not on the logarithm:c values.l Also, the residuals from the regressions
will be used 1n various analyses. In gsome cases 1t 1s convenient to use
the residuals valued in dollars, especially to the extent that the residual
represents omitted housing variables and an estimate of their valne is
needed. On the other hand, the housing index derived from the semilog
equation is used in the log linear demand function in an analogous manner
to log rent., Despite the log likelihood test, since there i1s no clear choice
between the two forms in terms of prror plauwsibility, explained variance, or

error structure, both have been retained.

2.3 THE DERIVATION OF HEDONIC QUALITY MEASURES AND THEIR USE IN
THE ANALYSIS

Hedonic indices are estimated in the Demand Experiment in order to form a
broadly based index of housing that can be used to estimate the effects of
the various experimental housing allowance programs. Appendix I discusses
in detail the theory of hedonic quality indices. This section explicates

their applicataion.

Loosely speaking, the general rationale for hedonic indices as a measure

of housaing rests on two assumptions:

First, in the market as a whole, cost does reflect the
amount and quality of housing services offered by the unat.
More expensive units generally reflect a common consensus
that they are better.

lIt may be preferable to derive the linear index from the linear
equation, since exponentiating the logarithmic values gives an estimate of
median rather than mean rent. The extent of bias 1s a function of the
error of estimate of the observation. For a complete discussion of the
problem of log linear bias see Appendix V of Friedman and Kennedy {1977),
and the bibliography cited there.
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Second, although true for the market as a whole, the above
assumption i1s often not true for individual cases. Indi-
vidual rents may reflect factors such as shopping abality,
luck, conditicns of tenure, and racial or other discriminaw-
tion, as well as the unit's housing services,

Estimated indices attempt to distinguish the market valuation of housing

services offered by a unit from the nonhousing factors that also influence

rent.

The baseline hedonic weights are estimated from v

{10) R =8+ IX
O i3

3 + ; o+
. Bl EleYl ej,
where

R_ = rent or log of rent of the jth unit, depending
on the form used

8. = constant
0 th
Xl = the amcunt of the 1 housing attribute in
J the jth unit
t . .
Zl = the amount ¢f the 2 h nethousing attribute in
J the jth unit
ej = @rror term.,

Thus observed rent is estimated as a function of housing attributes, X, of

other factors, Z, and of individual i1diosyncracies, “e."

The housing index, é), 1s then the estimated market value of the housing
attributes.

»

(11) Q = éO + Exljsl {linear form)

(=}
|

= e&P[éO + lejél]- (semr1log form)

Similarly, the change in guality 1s indexed by

{12) AQJ = Eﬂxljal {linear form)
AQ IAX B
?;l =e ME_. {semilog form)
J

The housing index nets out the costs associated with nonhousing items. Tt
reflects overall market value and thus corrects for individual luck or

shopping ability. In addition, since the welghts, él, are estimated for a
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single time period, the index reflects that time period. Comparisons of
the estimated hedonic value of housing over time will not be affected by

inflation.

The hedonic equation may be used to form separate subindices of dwelling
unit quality and neighborhood quality. For example, assume that a subset
of characteraistics, X ,..., X pertains to a dwelling unit. A subaindex

1
of the change 1in dwelling unit features, Q;, could be estamated by

q
AT = AX B {linear form)
(13) o 121 5P
a
&é’ Elﬁxljsl
—31 = -1. (semilog form)
Q

B
Estamation of the absolute levellof dwelling unit guality for the subindex

requires allocation of the constant term among nongualaty items, dwellaing

1
unit qualaty, and neighborhood quality attributes. However, dollar changes
in the lanear form and proportional changes in the logarithmic form can be

indexed andependent of the value of the constant or other variables.

Although the housing change index defined in Equation (11} is plausible,

1t 1s subject to a variety of reservations. First, to the extent that the
error term, ej, in Eqgquation {(10) reflects the effects of omitted gual:ity
attributes rather than shopping ability or luck, the Q index will not cap-
ture these guality changes. This problem 1s reduced to the extent that the
included wvariables, coveraing a wide range of attributes, successfully cap-—
ture the effects of the omitted wvariables. As an alternative approach to
a guality change index, one could theoretically correct for nonquality
components of rent by subtracting them from actual rent, that is, by form-—

~

ing an adjusted rent index, Aj:

lInterpretatlon of the constant term in hedonic eguations 1s some-
times ambiguous. As the equation 15 specified here, the constant represents
at least the omitted category of all dummy variables, It also represents
some kand of "basic" dwelling unit, that is, a structure with walls, a roof,
land, etc. For technical reasons, hedconic functions for housang probably
cannot be defined at very low levels for all attributes. One possible
solution 1s to allocate the constant term of a subindex 1n proportion to
the share of that subandex in Q. Refer to Triplett (1971}, and Kain and
Quigley (1975), for dascussion of the consgtant,

32



(14) A =R - EZ_.;.. {(linear form)
] ] i 1

The relationship between the housing index, Qj, and the adjusted rent

index, Aj, is given by

(15]) Qj = 80 + }:xljsl
A =R -3IZ ¥
3 J 132
A =0 +¢ .
] ] J

Thus the values of QJ and ﬁj differ by terms involving the error of estimate

for a given household.

To the extent that the error term in Equation (10) consists primaraly of
cmitted housing attributes, ﬂj may be preferable to Qj as an index of hous-
ing services. To the extent that the error term primarily reflects non-
housing factors, é] 1s prefer?ble. In addition, ﬂj, as compared wath QJ,
has at least twe drawbacks. AJ will tend to include ainflat:icnary factors
in the guality index (unless some explicit attempt 1s made to remove such
effects) and to be a less appropriate estimate of quality change for many

specrfic analytical applications. Each of these issues is discussed below.

The éj index corrects for inflation by taking the index weights from a
single tiame period. 1In theory, weights may be taken either from the base-
line period or from a later (comparison) time pericd (see Appendix I). In
practice, the baseline weights may be better estimates, because the avail-
able sample at baseline (enrolled households} 1s much larger than at

subsequent periods (Control households).l'z

1 .

It 1s rnappropriate to use Experaméntal households other than
Control households for estimation in post-enrollment periods, since the
experimental treatments may have altered theirxr choice of housing.

2The same 1ssues are involved in comparing levels of housing
quality at the two sites--Phoenix and Pittsburgh--or 1in comparing rac:al
submarkets. 1In each case, households are restricted to markets that may
have very different hedonic weight structures. Again, the best solution
15 to select a base set of weights (see Chapter 4).
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among the major analytical 1ssues to be addressed with hedonmic guality
measures are the change in guality for households that move and for house-
holds that upgrade.l In additicon, an attempt will be made to determine
whether any quality c¢hange occurs for households that neither move nor
upgrade but whose rent increases; for example, Minimum Rent households
that meet the Minimum Rent requirement without moving. The adjusted

rent index in effect presumes that any increase in rent for nonmovers
reflects changes in quality. The housing index must be used i1f this pre-
sumption 1s to be tested. However, the housing index will be misleading
to the extent that gualaty changes cccur in non-included variables (the
error term in Equaticn {10) includes the effects of omitted quality
variables). HNevertheless, the housing index i1s preferable for most
analyses because ;t 15 directly affected by changes in quality attributes
and 1is not subject to variation from factors not related to quality. This
1s cruc:al for ‘analyses that address differences in gquality for nommovers
and differences 1£ shopping ability or incentives. Adjusted rent, on the
other hand, may be biased precisely because of omitted variables that
relate to tenure conditions, shopping practices, or random price/quality

effects and cannot be used to address these i1ssues.

Fortunately, additional information exists which may shed some light on
quality variables omitted from the housing index. FPFor households that do
not move, survey anformation on landlord repairs and maintenance may be
useful. For househcolds that upgrade to meet Minimum Standards the actual
c¢hange in the Minimum Standards components, which is not necessar:ly
reflected in the quality index, may he used directly. An increase in
satisfaction with the dwelling unit, i1n conjunction with evidence of
repairs, improved maintenance, or Minimum Standards upgrading, may confirm
that immprovement in "omitted" variables has occurred. For households that
move, additional types of quality information may also be relevant. For
example, survey data permits analysis of preference achievement and of

changes 1n satisfaction with both the dwelling unit and the neaighberhood.

lFor households in the Housing Gap Minimum Standards treatment,
the tem upgrade has a specifac definition: units that do not meet the
Minimum Program Standards may be upgraded to these standards (see
Appendix IV).
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also, the move could increase the househeld's location, in terms of

accessibility to workplace or to other facilities.

Hedonic indices can also be used to develcop more explicit analyses of
factors that affect response to housing allowances, such as shopping
ability, racial price discrimination, and tenure conditions. The larger
the value of the ratio é/R, the greater the gquality obtained for a given
expenditure, A related issue 15’whether, for a given change in rent,

the change in guality 1s the same for a2l]l Experamental households—-that

18, whether the relative values of AQ/AR differs among experimental groups.
Differences in shopping ability, market segmentation, and experlientally
induced shopping behavior may all lead to varzation in these ratiog. The
shopping ability of elderly households, for example, may be less than that
of younger households. 0Or, i1f minority households pay a premium to obtain
housing equivalent to that of nonmanority households, then the value of §/R
wlll be lower for minorities than for white households. If housing allow—
ance recipients shop less carefully than nonrecipients, the difference
between actual rent and the hedonic estimate of market wvalue should he
greater for Experamental households than for Control households, Alse, it
15 useful to assess whether households that are required to meet the program
Minimum Standards shop more carefully than Minumum Rent or Percent of Rent
households in obtaining the most quality for thear money. For all these
purposes the housing index, ﬁ, provides estimates, whereas the adjusted

rent index, AJ, does not.

With respect to tenure condaticns, some households may obtain a "better
deal™ than others because 0f long-term residency or because of a particular
relationship with their landlord. Households for whaich the value of Q/R is
relatively high may have less ingentive to participate in the program; they
may be more satisfied with their present units or may have less incentive
to move. Estimates of the cost of moving in terms of loss of the long-
tenure premium can be uged in modeling residential mobility. Estimates of
the value of these tenure conditions are obtained as part of the set of
hedonic weights, even though they are not used directly in the housing

index, Q.
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Finally, hedonic indices estimated for a common set of variables can be used

to construct housing price indices for Prttsburgh and Phoenix. This can be
important in developing strategies to vary the level of allowance payrents

across cit:.es.1 For this purpose the housing index can include the specific

items of interest,

All of the above considerations will guide the application of hedonic guality

measures in Demand Experiment analyses. Generally, the housing index approach

will be used.

1
This has been a major issue i1n the Section 8 Existing Housing Program
concerning the appropriate level of Fair Market Rents,
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CHAPTER 3
RESULTS OF THE HEDONIC EQUATIONS

This chapter presents the final regression specifications of the linear and
log linear hedcnic equations for Pittsburgh and Phoenix. For both equations,
variables for number of rooms and square feet per room are specified in
natural log feorm, and the variable for length of tenure is an exponential

function. Thus, the basic estimating equations are:

3 n
= ~ + KoL+ ou,
(1) R =By + B [l-exp(x, )] + 1 B, X, . Z BX,y * Yy
i=2 i=4
and
3 n
= - ¥ +
(2) Ink_ = B, + 6, [1-exp(x) )] + y B,1nX _ ) B X tu,
1=2 1=4
where
th
R:J = the rent for the 3 unit
xl = l%Hgth of the household's resadence in the
J
un:t
X, %, = number of rooms and square feet per room in
23733 the jth unit
X _.+.X = other characteristics.
43 nj

The means and standard deviations of the variables 1ncluded in the eguations
are listed in Table 3-1.1 The estimated coefficients for the semilog equa-
tions are given 1in Tables 3~2 and 3-4, and for the linear equations in
Tables 3-3 and 3-5. The estimated linear and semileg equations are similar
in terms of the signs and relative magnitudes of the coefficients, and dis-

cussion of the results will generally refer to both equations.

Section 3.1 gives an overall assessment of the results. A more speciafic
discussion of the results for individual variables and of the approach

taken to define these variables i1s presented in Section 3.2. Section 3.3

1Table 3~31 lists the means and standard deviaticns for ail variazbles
used in the final analysis, that is, wvariables for the linear and semrlog full
sample equations, for the common site equation, and for the minority submarket
eguations. A conmplete list of all the variables tested is given in Appendix VI.
The acronyms of the variables have been included in Table 3-1 to facilitate ref-
erence to the variable definitions given in the appendix. A small number of
the variables in Table 3-1 refer to eguations discussed in Chapter 4.
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Table 3-]
MERNS AND STANDARD DEVIATIONS

PITTSBURGH
STANDARD

VARIABLE DESCRIPTION ACRONYM MEAN DEVIATION
Tenure Characteristics

Related teo landlord (0,1) eereian saaewn . iamebttasenasaans .. HRREELATED 071 258
Léngth of residence {exponential function)..... .vever cuvnurnrrena EXpd 443 .370
Length of residence (natural logl., ...... semeararea araannr nraeea ALNLING 3.472 l.1:2
Landlord lives in the burldipg (9,1) ... ....... Ve wmase semen vsr  KLLELG .098 .297
Number 0f PCISONS PEL TOGM. v,y annossarniantioraressn nanesnnassns . FOCCRM 696 . 334
Number of landlord contacts for maintcnance... csssssr snns sesas. KCONTACT 1.337 1.282
Pwelling Unit Peatures:
Area per zocm (patural leg) ........... hrrrttasannn e vrama seees KLAREARR 4.847 181
Total number of roows (includes kitchen and bath} (natural log).... XLTOTRMS 1.674 .262
Bu:lding age (YearsS)..eeesssaeenamaanes A tatsrasassevr s aan s XAGE 49,987 13.912
Stove and refragerator Provided (0,1) e iiiiinrriias ciannanrias XSTAREF 109 L3122
Stove or refraigerator orovided (O,i}....vex- et amrrrervansasasrnnns XSTOREF 169 .375
Inferlor or no heat (0,1) L. .. ... i cicrrrrrasonnsnrsnnsasnsnsnnns KBLDH .216 .412
Central heat present (0,l}.......... W memaae sraseanss sasaaan .e. XCENH .528 .499
Garage providaed (0,1) ... . i . irriiirnrsanarorattartranraaatainnn, KGAR 064 .244
Offstreet parking provaded {0,1).....00 cevnnnvuns brsacsesannne .  XOFFSTR 086 .281
Uverall evaluater rating (¢ point scale)...c.iciiiiimrisrnnnannnser vs KRATIHGR 1.780 .5642
Dishwasher and/or disposal provided (0y1).ees civnrere snasannnnna XAPPL 054 .227
Recent intericr painting or papering (D,l)... tucevccs canmnr senas XPAINT 100 L300
Average surface and structural qualaity (4 point scaled.. ...... . XQUAL2 2.173 L 366
Many haigh quality features {0,1).. . ..cecvraen. e mwsmresanerraa AFANCY2 .040 197
Poor wall and ceiling surface {(factor $core)...... e meeres e .. KTZSUR .0lo 1.052
Poor window condikion {factor score) ....... Fraaeaans [ ve.  RE4WIN 008 9B6
Poor bathroom wall and cexrling surface (facter score) ........ eun. FFEBHSUR .Q003 1,070
Adaquate light and ventailation {(0,1).... .veieennn [P Wramareaa XHLIVER 413 .493
?resence ¢f adequate ceiling heaght (0,1)........ PP waras =wee. XHCEETR 903 .288
High quality kitchen (0,10 .. ..inerieuncasecanes sorssnsanntosnvean KEITCHOK 081 .273
Presence of adaqguate eXats (0, 1).. . .icuvcueoiicennrarrasnnnnnnunns XHADQEXR .922 .269
Arr-conditioning present (0,11, ..... weeernnns cesattanennn vvana. XACPITT 111 314
Large multifamily structure (0,1)......ceev- baaranars rrawmeraiaEren XMULTES +139 346
Adequate kitchen facilitres present (0,1)....... Veveusamnennssrnvan XEITCHE .992 .087
Working conditacon of plumbing (5 point 5CALl&) iu..ircrnvecenrrvennnn XPLUMW 3.575 .8e8
Plumbing prasent (0,1). .. ..ui.  tuiiiiiasaarsus 2onne sansnnnrnreas XELIMP .8a7 317
Adequate plumbing present and workang (O 1)...veeveenrcesnnn [ FHPLUMER .B30 376
Bresence of pravate yard (0,1)..... ceas mevaasaneas rreamaaan se=w. KYARD 367 .482
Parking facilities provaded {0,1).... .ovcce wnars eerracaisnares .- XPARK .148 .355
Temperature control central heat or air-conditroning (Q¢,1)..... ++ XTEMP 576 494
Nerghborhood Features:
Good recreatlonal facrlities and access (Factor score)...eecacs-u.. RCWHPLL -.003 993
Traffic and litter problems [factor scorel..... et rrssssmmamseran XCNHFL3 -.0005 .861
Froblems with craime and public services (factor scor®).i.cicceenrna. KCNHF14 -.011 235
Census tracts with higher priced unats and higher socio-

economlc status (factor scorel.........eeesmn. U [ veu. HKCENFO2 -.032 .956
Horminority census tracts with higher sociceconomic

status (factor SCOre).u..er.ceverrnmmcarssenniana We strmeen= aieian XCENFO3 a22 .8l
Blue collar workers and nonmipor:ity residents in census

tracts (factor scorel........... eeeresaseciaans fisaamsisassaannnan XCENFO4 -.015 1.000
Census tracts with hagher socioeconomic status (facker score) ..... XCTFO2 009 929
Census tracts with newer, higher praiced units (factor score)... . . XCTFO3 ~.032 L8382
Median inceme of census tract {(dollars)..ueeciasscrnaranannan aar v HCTMDINC 8902.807 1623.467
Quality of adult recreation FACILALAES.. covees wmscarananwsaan ‘e XKHCMAREC 1.417 2946
High quality block face {0,1). ... iuiiivnnreaeans waamramsaaranataan XFPANCYN .372 484
Dastance from Cantral Business Distract (miles) ....... ‘ amaman . XDIsT 5.480 3.724
Puality bleck face landscaping (4 point scale) i ivonaannrnens AILNDSCPR 1.375 .934
Rent.
Analybtic rent...... “aa s MM saRPadassmErmbAnansd BiTesimrs  seaasa XACRAGLH 111,052 32.38¢
datural leogarithn of analybic renb.. ... . uceumreevasnnasansnrannsaa YXLACRGIY 4,667 263

SAMPLE- All enrolled households, excluding those that moved between the Baseline Interview and
enrollment, those with extréme values for residuals, and those livaing in a neighborhood with fewer than

£i1ve enrclled households.

LATA SCURCES. Baseline Interview, Inztial Housechold Report Form, Housing Evaluat:on Form,

1970 Census of Population.
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Table 3=1 [continued)

PHOENTIX
STANDARD

YARIABLE DESCRIPTION ACROWYH MEAN DEVIATICN
Tegnure Characteristics-
Related to landlord (3,1} -e-ceeeiinnnanns h aaem mae e XRELATED 058 233
Length of residence {exponential function).....,.... ececncna-s XEXP366 . 280 319
Length of residence {natural log) ........... tber mmamesmEsrarn . KLKLING 2,743 1.022
Landlord lives an the bmalding (0,1} .u..vinvnienr somenmsnnranaas .. XLEBLG 096 .295
Humher of persons per room . ...... Hdmmmmararamtesamss mEtaiomaaan XOCCRM .840 -4&67
Humber of landlord contacts for MALNteNANCE. . .iccvivrroassressvess SJCONTACT 1.269 1.383
Dwalling Unit Features:
Area rer room (natural logl...... Ca e sesrdtEERaEEttoseroaa- . XLARREAFR 4.688 L1929
Total number of rooms (1ncludes kitchen & bath) {(matural log)...... XLTOUTRMS 1.582 .252
Burlding age (¥ears).,.....eesasnesssasasasssananannnnss bectanaacaas KAGE 24.447 15,170
Stove and refrigerator provided {0:Ll)..ceccuiiiar vererrrrnmnrsranas XSTAREF 640 .480
Stove or refrigerator provaded {0,1). .. ciiciirriierrirnmnncanacas XSTOREF .793 .405
Inferior or no heat (0,1} ............ Ve aammmariiErra At XBADH .314 .464
Central heat present (0,1} ... .uriivinsansscannrr-rarrrrrasenerenns ¥CENH L3286 469
Garage provided (0,1).....vcerevrnnanas P ter arerassamesecenaes XGAR 044 207
Garage or carport provided {0,1)...eesrearesanesanena . XCARGAR 315 .465
Qffstreet parking provided (0,1} . .......... has reammmaa PP . XOFFSTR 512 .500
Overall evaluator rating (4 point scalel |, ...+ ceveees soses P XRATINGR 1.946 927
Daishwasher and/or disposal provided (0,1)......cccciceuuneeonoanaa . XAPPL .159 -366
Recent ainterjor painting of papering (0, 1) ... .. v iunnnenonnnnanas XPAINT .203 .402
Average surface and structural quality {4 point scale).......ceuaos XQUAL2 2,285 -633
Many high quality features (O 1), ... .uiiinennanrrrrnes srnnsnnmmnns XFANCY2 126 32
Adequate light and ventalation (0,1}... .. .iver cvvme womvens e ¥HLIVER .389 .4B88
Presence of adequate ceiling height (0,10 ... coitrvennnnnns . XHCEHTR 906 .292
High quality katehen (0,01)...vvr vh vve wnvren-- O, . ees NEITCHOK 212 . 409
Presence of adequate exats (0,1, . ... ... tieenvananncnnn P, AHADQELR 991 094
Central air-cendirtioning present (0,1).. .(..coicccanmen iremeeres. XCRCPHX .244 .430
Large multafamily structure (0,1}, .....c0vuiunnn- PR e .. JFMOILTIS 146 .353
hdequate kitchen facilities present [0,1)....... ceees tonencacanns XEITCHP 977 149
Workiny condition of plumbing {5 point scale), ........ .i.ea. waaa RPLUMW 3.568 .889
Plumbing present (0,1) . .. ... .iieenuaariisinmsonasssannissotasiannmn XPLUMP 920 271
Adequate plumbing present and working (0 1) ........................ XHPLUMR 838 369
Presence of private vard (0.1}, . ... ..., ..iiuvrasasccarrrorranrrnranes KYARD 522 . 500
Parking facilities provided (0,1}, .. .. ... ' vemenaranan . e KPARE 312 .463
Temperature conktrol: central heat or air-condirtioning (D 1}.,,__‘, XTEMP 344 475
Neaighborhood Features:
Overall neighborhood quality {factor scoral.. ....ev conersascrsncs XCNHF11 002 1.002
Recreational facilities [(fachtor SCOFe) .. . ..... +esacmcasrrsarsasnen HOoRml2 L024 .987
Access to shopping and parking {factor scoral.,......eveecanncecen e XCNEF14 .6a7 .998
Census tracts with haighexr priced units and hagher socio-

econcmic status (factor SCOXe) . . ..ererrovaenns dmmmatny memmmmwas . XCENFOL Q12 994
Ownex=¢ccupred single-fam ly dwellang units im census tract

(factor score}...... heremrettesatessaraaa varesvasrananann . XCENFQ2 =-.016 .992
Fooxr ¢quality housing in census tract tfactcr sccre) .......... vee-. XCENFD3 002 973
Cengus tracts with hagher priced unites and hagher socio-

economic status (factor SCOre)........asua-ca esesaratacasasatanann XCTEFOL 006 1.08Q
Owner-occupred single—family dwellang wnits in census tract

{factor score} .., ........ Meerrreratrtrremnaraar-cTcat Ty RCTRQ2 -.0286 1.031
Poor gquality housing in census tract (factor score)....... ewesaonn HCTFO3 -.006 1.474
¥Median 1ncome of cemsus tract (Gollars).......ccicvemurrrsssssanns XCTMDIHNC  8072.137 2148.115
fuality of adult recreation facilitles.... . ... cassscesassaasnas XHCNAREC 1.597 .274
High qualzty block face (0,1) ... iiiininennnseresssscasssanansnnens XFANCYN 504 .500
Distance from Central Business Distract [miles).....cevcssuesav-va- . RDIST 5.382 4.290
Qualaty block face landscaping (4 poant scale)... ....ves- P, XLWDSCER 1.897 .82
Rent:
ANALYELS Zenb. iiucuanaccuonsans sanas ot ceemsasassimareiensassanaa LACRAGLH 132.544 45,545
Hatural logarithm of analytic rent,,.,. e e biemtr b amwmmern ALACRELH 4.822 372

SAMPLE  All enrclled households, execluding those that moved between the Baseline Interview and
enrollment, those with extreme values for residuals, and thosa living 1n & nexghborhood with fewer than

five enrolled households.

DATA SQURCES- Baseline Ynterview, Initial Housshold Report Form, Heusing Evaluation Form,

1970 Census of Population.
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Table 3=2
SEMILDG EQUATION  PITTSEURGH

2 =

R = 0 @882 R = 0 634 F = 8%,140 N = 1,583
VARIABLE DESCRIPTION COEFF ICIENT =-STATISTIC™
Related to landlord (3,1) -0.102 5 813
Tenire Lerngth of residence (exponential funciion) -0.141 11.570
Charac= Landlord lives :n the building (0,1} -0.067 4.,37¢
teristias Numkrer of persong per room 0.0e2 5.946
Number of landlord contacts for maintenance 0.012 2.491
Area per room (natural lag) 0.170 6.44%
Total number of reoomz (natural log) 0 565 29.073
Building age (years) -0.002 4.168
Stove and refrigerator provided (0, 1) 0 111 6.382
Inferior or no heat (0,1) =0.077 6.403
Garage provided [(0,1) 2.091 4.312
offstreet parking provaded {(0,l) 0,022 1.352
Overall evaluator rating (4 point scale} 0.053 5.846
Dishwasher and/or disposal provided (0,1} 0 054 2.692
Dwelling Recent interior prainting ox papering {(Q,1) 0.052 3 427
Eg::ureﬁ Many high qualaty features (0,1} ¢.038 1 576
Poor wall and ceiling surface (factor score) -0.019 ¢.020
Poor window corndition (factor score}) -0.018 2,897
Poor bathraom well and ceilaing surface
{factor score) -0.013 2.992
High guality kitchen {Q,1} 0.024 1.982
Presence of adequate exits (0,1} 0.046 2.709
Awr-conditioning present (0,1} 0.025 1.698
Praesence of adequate ceiling height {0,1) 0.032 2.170
Adequate kitchen facilities present [0,1) 0.:17 2.267
Large multifamily structure {0,1} 0.038 2.527
Working condition of plumbang (5 point scale) 008 1.539
Presence of pravate yard (0,1} 0.015 1.468
Good recreational facilities and access
{factor score) 0.024 4 964
Traffic and litter problems {factor score) =0.00% 1.607
Problems with crime and public services
{factor score) «0.015 2.916
:z:iziz:houd Census tracts with higher praced umits and
hagher socioeconomic starus 0.032 5.826
Worminority census tracts with higher socao-—
economic status &.032 5.542
Blue collar workers and momminority residents
in <ensus tracts -0.026 S.604
High guality block face (0,1) 0.043 4.160
CONSTANT 2.62%9

SAMPLE. All enrclled houssholds, excluding those that moved between tne Baseline Interview and
enrollment, those with extreme values for residuals, and those living in a neighborhood with fewer than
five enrolled households.

DATA SOURCES. Baseline Interview, Initial Householé Report Foxm, Housing Evaluation Form,

1970 Census of Population, .

2. A testatistac 3 1.0 indicates signafacance at the Q.25 level of confidence for a two-tailed
test and 0.125 level of confidence for a ope-tailed test.
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Table 3-3
LINEAR EQUATICN PITTSRURGH

% = 0.856 R - 0 648 F o= 93.135 N = 1,599
VARIABLE DESCRIPTION COEFFICIENT £-STATISTIC™
Related to landlord (0,1} -11.945 6,132
fenure Length of residence {(exponential function) -15.036 1:.Q70
Charac= Landioxd lives an the building (0,1} ~5.385 3.153
teristics Humber of persons per room 7.651 4.955
Humber of landleord contacts for maintenance 1 073 2,922
Area per xoom {natural log) i9.708 6,789
Total npumber of rooms (natural leg) a0 Q20 23,697
Building age (years) ~-Q.232 2.202
Stove and refrigerator orovided (0,1) 14.715 7.658
Inferior <r no heat {0,1) =-56,790 5.097
Garage provided (0,1} 14,379 7.022
Offstreet parXing provided (0,1} 2.837 1.571
Crerall evaluator rating (4 point scale) 5,170 5.187
Dishwasher and/or disposal provided (0.1} 9.376 4.146
Dwelling . Recent interior painting or paperang (G,l) 6 292 3.801
g:;:ures Many high quality features (0,1} 8.916 3.311
Poor wall and ceiling surface (factor score) =1.670 3.147
Poor window condition (factor score) ~2.236 4.114
Poor bathroom wall and ceiling surface
{factor score) -1.627 3.342
High cquality kitchen (0,1) 5.657 2.927
Presence of adeguate exits (0,1) 4 BOS 2,366
Air-gonditioning present (0,1) 3.171 1.934
Presence of adequate ceiling height {0,1) 3.038 1.746
Adequare Kitchen facilaties present (0,1) 6.575 1.158
Large multifamily structurs {Q,1) 3292 1.986
Good recreational facilities and access
{factor score) 2.4%6 4.706
Traffirc and l:itter problem (facter score) =-1.212 1.797
Problems with crime and public services
(factor score) -1.462 2.5%70
Neighborhood
Features Census tracts with higher praced units and
higher sociceconomic status 3.677 5.8%90
Nonmainority census tragts with higher sccio-
gconemlc sStatus 3,681 5.833
Blue collar workers and nonminoxity residents .
,1n census tract -2.722 S.488
High quality block face (0,1) 5.274 4.643
CONSTANT -100.782

SAMPLE: All enrclled households, excluding those that moved bhetween the Baseline Interview and
enroliment, those with extreme values for resideals, and those livaing in 2 neighborhood with fewer than
five enrolled households.

DATA SOURCES Baseline Interview, Initial Household Report Form, Housing Evaluation Form,

1970 Census of Population.

a. A t-statistac z l.0 indicates significance at the 0.25 level of confadence for a two-tailed

test and (.125 level of confidence for a one-talled test.
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Table 3-4
SEMILOG EQUATIONS PHOENIX

R2 = 0 804 Ez = 0 a0l ® = 238.060 N = 1,593
VARIABLE DESCRIPTION COEFFICIENT ‘.’.—-S'I‘]‘.TIS'I‘I('.‘a
Related to landlord (0,1) -0.123 7.03%
Tenure Length of residence (exponent:ial function} -0.19% 13 508
i::i::;cs Nunber of persons per room 0.084 6.287
Number of landlord contacts for maintenance 0.014 4.463
Area per voam {natural log) 0.310 13.146
Total number of rooms (natural log) 0.679 34.542
Buirlding age (years) -0.002 5.330
Stove or refraigerator provided (0,1) 0 032 2,545
Central heat present (0,1) 0.039 2.744
Garage or carport provided (0,1} 0.031 3.128
Dwelling Dishwasher and/or disposal provaded (0,1) 0.036 2,486
Unie Regcent interior painting or paperihg (0,1} g.015 1.391
Features Average surface and structural quality
(4 point scale) 125 9 571
Adequate light and ventilation (0Q,1) 0,035 3.665
Central air-cond:itioning present (0,1) 0.050 3.132
Large multifamily structure (0,1} 0.023 1.674
Plumbing present (0,1} 0.046 2,507
Inferior or no heat_ (0,1} -0.026 2.049
Presence of adequate ceiling heaght {0,1) 0.020 1.279
Overzll neighborhood quality {factor scorel G.012 3.284
Recreaticonal facxlities (factor score) 0.016 3,144
Access to shopping and parkiang {factor score) 0.013 2,265
Census tracts wath hagher priced units and
higher socioeconamic statusg ¢.025 3.266
:::iﬂig:h°°& COwner-occupied, single-family dwelling unita
in census tract 4,006 1.025
Poor gquality housing in cepsus tracts -0.029 5.559
Distance from Central Business District (miles) =0.004 3.611
Quality of block face landscaping {4 poant scale) 0.021 3.867
CONSTANT 1.902

SAMPLE. All enrolled househelds, excluding those that moved between the Baseline Interview
and enrollment, those with extreme walves for resaduals, arnd those living in a neighborhood with
fewer than five enrolled houeseholds. .

DATA SQURCES: Baseline Interview, Initial Household Report Form, Eous:ing Evaluation Form,
1970 Census of Population.

a. t-statistic > 1.0 indicates significance at the 0.25 level of confidence for a two-
tailed test and 0,135 level of confidence for a ene-talled test.
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Table 3-5
LINEAR EQUATION PEQOENIX

R2 = 0 786 f{—z = 0.783 F = 240 505 ¥ =1,593
VARTAPLE DESCRIPTION COEFFPICIENT t-STATISTICa'

Related to landlord (0,1) =15.237 6.544

Tenure Length of residence (expeonential function) -22.758 12.330

Charac-

teristics Number of persons per Coom 7 573 5.871
Number of landlord gontacts for maintenance 1.134 2.887
Arsa per room (matuvral log) 36,257 12.278
Total nmumber of reoms (natural log) 79,480 33,024
Buildirg age (years) =0,251 4,358
Stove or refraigerator provided (0,1) 4.338 2.717
Central heat present (0,1) 8.290 4.650

Dwelling Garage or carport provaded (0.1) 4.501 3.567

Unat

Features Dishwasher and/or disposal provaded (0,1} 8. 750 4.737
Recent interior painting or papering (0,1) 2.078 1.498
QAverage surface and structural quality 14.298 9.364
{4 pomnt scale}
Bdeguate light and ventilation (0,1) 6.512 S 278
Central air-conditioning present {0,1) 6.802 3.366
Iarge multifamily structure {(0,1) 4.195 2.344
Overall neighborhood quality (factor score) 2,294 3.156
Re¢reational facrlitres {factor score) 2.480 3.792
Access to shopping and parkaing (facter 0.972 1.308
scaore)
Census tragts with higher priced units and 3.851 4.024

Neighborhewd higher sociceconomic status

Features
wner-cccupzed, single=fam:ly dwelling vnats 1.567 2.280
in gensus tracts
Poor quality housang an census tracts -2.936 4 469
Distance from the Central Business District -0.530 3.555
{miles)
Puality of bilock face lardscaping {4 point 2,681 3.886
scale)

CONSTANT =207 Q14
SAMPLE: All enrclled houschelds, excluding those that moved between the Paseline Interview and

enrollment, those with axtreme values for residuals, and those laving in a neighborhood with fewer than

five enrolled househslds.

DATRA SOURCES-

1970 Census of Population.
a. A t-statistic > 1.0 indicates significance at the 0.25 level of confidence for a two-tarled
test and 0.125 leovel of confidence for a one-tailsd test.
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discusses the analysis of residuals from the hedonic regressions, which was
performed in order to determine whether the formal assumptions of the least
squares mcdel are reasonably met and whether the residuals show systematic
association with external variables, such as geographic or demographac
characteristics. Finally, Section 3.4 discusses adjustments to rent (the

dependent variable in the hedonic reqression).

3.1 GENERAL RESULTS

Overall, tﬁé results of the estimation are very satisfactory. The criter:a

set forth in Chapter 2 for selecting a "best" equation--explanatory power,

a broadly representative group of significant attributes, and a reducticon

in collinearity amcng indavadual variables--appear to be reasonably well
met. In Pittsburgh, 66 percent of the variance of the log of rent is
explained by the available data and in Phoenix, 80 percent. Corresponding
figures for the linear equations are 66 percent i1n Paittsburgh and 79 percent
1n Phoenix. These results compare very favorably with the explanatory power

obtained in other studies that used individual dwelliing unit data.

A large number of attributes expected t¢ be important in describing housing
bundles are in fact significant and have the expected s:n.gn.1 The wvariables
represent all major component groups of the housing bundle--tenure conditions,
dwelling unit qualaty, dwelling unit size, neighborhood quality, and accessi-
bility. And, within most component groups, a broadly descriptive set of
variables 1s sagnificant. Dwelling unit descraptors include basic facilaities
{such as heat or kitchen facalities), additional features (such as air-
conditioning or appliances), and the surf§ce and structural gquality of walls,
ceilings, and floors. Neighborheod qualaty 1s descraibed by the 1mmediate
neirghborhood (the "block™ face of the unat), by the housing and the socio-
economic character:istics of the Census tract, and, for aggregations of Census
tracts, by numerous measures of amenities and public services as perceived

by those enrolled i1n the Demand Experiment.

lAs discussed in Chapter 2, "significant® in this chapter means
significant at the 0.25 level for a two-tailed test and at the 0.125 level
for a one-tailed test {1.e., a t-statistic greater than 1).
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The broadly representative equaticn should provide a sol:id basis for deriv-
ing measures of housing quality from the hedenic regressions. Undoubtedly,
relevant attributes are missing from the equation. Examples of possibly
important omitted variables are type of building material, aesthetic fea-
tures, lot size, and effective tax rates for different jurisdictrons; these
data are not available. MNevertheless, because a wide range of both dwelling
unit and neighborhood attributes is signaficant, the residual term probably
does not represent variables excluded from any one category, and the index

should be sensitive to many types of improvements in housing guality.

The very limited extent of multicollinearity in the final equations 1s
imporfant 1n terms of the reliability and stability of the ccefficients.

As discussed 1n Section 2.2, the degree of collinearity in the predictor
matrix 1s assessed primarily by computing the variance inflation factors

and the related coefficient of determination, Rz. In only one case in the
four final equations does the variance 1nflatlog factor approach the rule-
ef—thumb limit of four.l In Phoenix, the average interior guality varaiable
1g correlated with other dwelling unit descriptors, especially dwelling unit

age.

As might be expected, the final hedonic regressions for Pittsburgh and
Phoenix are different. Different varliables remain in the final equations
and the coefficient values of included variables often differ substantially.
As i1ndicated by the mean variable values in Table 3~-1, the two housing
markets are in fact very differeni. Phoenix residents generally have laved
in their units for less time, reflecting higher mobility rates. FPhoenix
units are much newer {about half the average age of Pittsburgh units) and
more often have features associrated with newer units, such as a dashwasher,
a disposal, or a stove or refrigerator included with the unmit. In addition,
Phoenix units tend to have fewer rooms, somewhat smaller rooms, somewhat

higher average ratings for surface and structural quality, and higher

lAs the variance inflation factor for a wvariable approaches four,

the square of the multiple correlation of that variable and the other
predictors approaches 0.75.

2
The variance inflaticn factors are listed in Appendix VIII,
together with the determinant of the correlation matrix.

49




overall evaluator ratings {the variance of these ratings i1s also higher

1
in Phoenix).

A few of the variables are included in only one of the cities simply because
they vary substantially only in that city. For eXample, very few units in
the Pittsburgh sample have carports or central air-conditioning. In many
other cases, however, the variables in both cities have gimilar means and
standard deviations. In these cases, the fact that a given variable is
significant 1n only one city is apparently due to different patterns of

correlation among the variables in each city.

Finally, many of the variables have been defined on a site-specific basis.
Thus, althouzgh the gsame basic data elements significantly affect rent in
both cities, the specification of these data differs across sites. For
example, as discussed below 1n Section 3.2, principal component analysis
has been used for haighly collinear groups of wvariables such as interior
surface and structural gquality, Cénsus tract neighborhood descriptors,
and participant ratings of their nexghborheods; this analysis has been

performed separately for Pittsburgh and Phoenix.

The haigher R2 achleved in Phoenix probably reflects 1ts greater homogeneity.
The Pittsburgh housang stock 1s generally older and is divided into many
mere well-defined neighborhoods than the Phoenix housing stock. Varaiables
such as age of building or Census tract characteristics are probably less
likely to capture the individual characteristics of units or neighborhoods
in Pittsburgh than they are in Phoen1x.2 In Pittsburgh, Census tract
variables will more often represent averages of disparate neighborhoods,
and buildings of a gzven age vary more depending on the extent of past

maintenance and rehabailaitation.

3.2 ATTRIBUTES OF THE HOUSING BUNDLE

Housing attributes are discussed below in terms of four major component

groups: tenure characteristics; dwelling unit attraibutes; neighborhood

1These differences are tested formally in Chapter 4, which dis-

cusses a common eguation for Pittsburgh and Phoenix.

2
In Phoenix, building age probably bears a more distinct relation-
ship to structural features and type of buildang than in P2ttsburgh.
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amenities and public services; and accessibility. The dascussion:that
follows 15 based on Tables 3-2 to 3-3, the semilog and linear equations
for Pittsburgh and Phoenix. For ease of reference, the relevant portions

of each table are reproduced in the subsections that follow.

Tenure Characteristics

Tenure characteristics are an important source of variation in rent level.
S8ince tenure factors are excluded from the housing index, accurate estima-
tion of their influence is important. Also, tenure characteristics,
particularly length of residence, may be important causal variables 1in
analyses of mobil:ity or sataisfaction. Tenure characteristics that may be
expected to influence rent level include length of residence in the unit,
presence of a resident landlord, family relationship to the landlord, and
the cost of maintenance in the unit (represented by variables for the
number of persons per room and the number of tenant-landloxrd contacts for
maintenance). The coefficrents for these variables are shown in Table 3-6

below.

Length of residence. The length of residence is expected to have an inverse

relationship with rent. Lease provisions or long—term residence may tend to
slow the adjustment of rents to inflatien or other changing market conda-
tions, Long-term tenant-landlord relationships may alsco bring nonmonetary
benefits to the landlord or may actually lower the cost of providaing housing
services. Over long periods, landlords are likely to gain real cost savings
from not having to advertise, from not lesing rent during temporary vacan-—
cles, and possibly from lower maintenance expenditures. On the other hand,
tenants with especially good rent heals may be expected to remain longer in

thelr unats.

While these factors suggest that a significant discount might be asscciated
with long tenure, the shape of the function is not known. It is unclear,
for example, whether the discount begins immediately or after several years:;
whether 1t reaches a2 maximum or centinues to increase; and whether i1t in-
creases at an increasing, decreasing, or constant rate. In order to assess
these factors, many functional forms for length of tenure were tested in the

final equations, These included several series of dummy variables, as well
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Table 3-6

ESTIMATED COEFFICIENTS FOR TENURE VARIABLES

TENURE VARIABLE

Related to landlord (0,1}

Length of residence (exponential function)
Landlord laves in the buxlding (0,1)
Number of persons per room

Number of landlord contacts for maintenance

Related to landlord {(0,1)
Length of residence {exponentaal function)
Numher of persons per room

Number of landlord contacts for maintenance

LINEAR SEMILOG
COEFFICIENT t=-STATISTIC COEFFICIENT £-STATISTIC
PITTSBURGH
-11.945 6,132 ~.102 5.813
-15.036 11.070 -.141 11.57
-5.385 3.153 -.067 4.376
7.651 4,955 .082 5.946
1,073 2.922 .012 3.491
PHOENIX
-15.237 6.544 -.129 7.037
-~22.758 12.330 -.195 13.508
7.573 5.871 .064 6.287
1.134 2,887 .014 4.463

SAMPLE: All enrolled househeolds, excluding those that moved between the Baseline TInterview and
enrcllment, those with extreme values for residuals, and those living in & neighborhood with fewer than

five enrolled households.

DATA SOURCES: Paseline Interview, Initial Household Report Form, Housing Evaluation Form, 1970

Census of Population.



as continuous variables in linear, logarithmic, exponential, gquadratic, and
square root form. Most of the forms provided reasonable explanatory power,
and no clear-cut choice ameong them was indicated empirically. A continuous
function was preferred since 1t 1s more convenient in analysis and 1s prob-
ably less sample-dependent than a long series of tenure dummies. The final
variable chosen 1s a negative exponential function in the form:

0 for £ < ¢

{3) D{discount) =
Bll-exp {a(t - ¢))] for t > c,

where

o
Il

length of residence

9]
I

length of xesidence up teo which the discount
function ais zero.

& graph of thas form i1s shown in Figure 3-1.

Figure 3-1
FUNCTIONAL FORM FOR LENGTH OF RESIDENCE VARIABLE

o)

RENT DISCOUNT

LENGTH OF RESIDENCE

Two types of information were evaluated in deriving this functional form:
the change in mean rent for units occupied an additional year, and the
regression coefficients of dummy variables that represent each additional
year of residence. Graphs of these data indicated that the discount dad
not began untal after at least & months of residence 1n Phoenax, and 12

months in Pittsburgh. Also, in both cities a maximm discount appears to
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be reached after about ten years. No attempt was made to estimate the D

function directly, since it 1s nonlinear in 1ts parameters. Since the

function 1s a convenlent approximation, 1t was fitted to the data by hand.

Table 3-7 shows the estimated discounts for various lengths of residence
in Pittsburgh and Phoenix. Note that the discount in Phoenix exceeds that
in Pittsburgh and takes effect earlier, despite the higher mobkility in
Phoenix. This difference may simply reflect greater past rent increases
1n Thoenix or a generally looser market in which landlords increase rents

relat:ively slowly in order to induce tenants to remain.

Other tenure characteristics. When the landlord resides in the dwelling

unit, the tenant selection process may be more personally tailored to the

landlord's needs, which in turn may lower the cost of provading services.

In Pittsburgh, the presence of the landlord in the building results 1n an

average rent discount of about 7 percent as estamated in the semilog egua-~
tion, and $5.40 as estimated in the linear equation. This variable is

insignificant in Phoenix.

El

2 number of particaipants stated, in response to an interview question, that
they were related to the landlord; these tenants may have paid lower rents
than they would have in other comparable units. Indeed, in beth cities, a
substantial discount appears to be associated with being related to the

landlord: $12.00 or 10 percent in Pititsburgh, and $15.00 or 13 percent in

Phoenix.

Two variables serve as proxies for maintenance costs i1n a dwelling umit:
persons per room and number of requests to the landlord for some 1tem of
maintenance. A greater number of people livang in the unit, particularly
1f 1t 18 overcrowded, may increase the maintenance costs of the unat.
TIdeally, maintenance costs for tenants of different characteristics should
be examined directly. However, since these data are difficult to collect,
the number of persons per room was used as a proxy variable. As seen 1n
Table 3-6, units that are relatively more crowded cost more than equivalent
less crowded units in both Pittsburgh and Phoenix. In Pittsburgh, for
example, households with one person per room pay about 2 percent more rent
than dc households with 0.7 persons per room, the sample mean for this

variakle in Pittsburgh. Although this result presumably reflects increased
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Table 3-7

ESTIMATED TENURE DISCOUNTS
{(dollars per month)

PITTSBURGH PHOENWNIX
YEARS QF
RESIDENCE LINEAR SEMTLOG LINEAR SEMTLOG™
1/2 o 0 0 v;
1 0 0 3.51 C 367
2 4,26 4,21 8.97 .21
3 7.32 7.10 12.86 12.94
4 9.50 9.06 15.68 15.58
5 11.907 10.51 17.68 17.52
16 14.28 13.35 ) 21.80 21.19
20 15.01 14.00 22.71 22,02
25+ 15.04 14.00 22.76 22,02
Regression n . . .
Coefficients B = 15.036 £ = .141 B = 22,758 B = .195

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enrollment, those with extreme values for
residuals, and those living in a neighborhocd with fewer than five enrolled
households.

DATA SOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Form, 1270 Census of Population.

NCTE: Refer to Appendix VI for the precise functional form of the
tenure variable.

&. Evaluated at the mean rent of 4.6674 in Pittsburgh and 4.8224 in
Pheoenix.
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maintenance ¢osts, other effects may be present as well; persons per room
15 not an i1deal proxy for maintenance costs. To the extent that house-
holds give up interior space in crder to obtain cther dwelling unit or
neighborhood attributes not included in the regression, the coefficient

of persons per room will tend to reflect these effects as well.

Finally, households were asked in the periocdic interviews to indicate how
many maintenance items 1in a prespecified list they had requested from
theiy landlord. Again, while other effects could be present, the moderate
increase in rent as the number of requests rose 1s presumed to represent

higher maintenance costs for the unit.

Dwelling Unit Attraibutes

Dwelling unit variables include basic facilitzes, higher-quality facilities,
safety features, dwelling unit size, and the surface and structural gualaity
of wallg, ceirlings, and floors. The coefficients and standard errors for
these wvariables are listed an Table 3-8. The major concerns in specifying
an appropriate set of dwellaing unmit variables were te reduce severe collin-
earity among scme of the variables and to explore interactions among

attributes whose joint presence might have an independent effect on rent.

Several of the variables used to describe the basic faeilities of the dwell-
ing unit represent the components of the Minimum Standards requirement as
defined in the Demand Experiment. Sax of the 15 components—--plumbing
facilities, electrical facilities, katchen facilities, adequate exats,
cerling heaght, and laght and ventilation--were tested 1n preliminary
equat.Lons.1 In addition, the varaables that represent plumbing facailities
and kltchen’fac1llt1es were modified to distainguish between the presence of

adequate facilaities and their working ccondition.

In the final equations for Pittsburgh, the variables that represent adequate
cerling heaght and adeguate exits are significant and have been retained in

both the linear and log linear equations. The variable that indicates the

1It should be noted that many other attributes of the unit aincluded
in the Minimum Standards are also represented in the eguations in a daffer—
ent form, For example, surface and structure ratings for rooms and floors
were used as four-point scales rather than as binary (pass/fail) variables.
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Table 3-8 -

COEFFICIENTS OF CWELLING UMIT ATTRIBUTES

LINEAR SEMILOS
DWELLING UNIT VARIABLE COEFFICYENT L-ETATISTIC COEFFICIENT t~STATISTIC
PITTSBURGH

Area per room {(natural log) 19.708 6.789 170 6.449
Total number of rooms {natural log} 60.020 28.697 .565 29.073
Burlding age (years) -0.232 S 202 - 002 4 168
Stove and refrigerator provided (0,1) 14.715 7.658 L1111 . 6.382
Inferloy or no heat (2,1) -6 790 5,097 -.077 - £5.403
Garage provided (0,1} 14.379 7 022 .09 4.912
Offstreet parking provided {0,1) 2.837 1.571 022 1.352
Owverall evaluwator ratimg (4 point scale) 5.170Q 5.187 083 S 846
Dishwasher and/or disposal provided (0,1} 9.37%6 4 146 .054 2.692
Recent 1nterior painting or papering (0,1} 6 292 3 801 .052 3 497
Many high guality features (0,1) 8,918 3.311 .038 1 576
Poor wall and ceiliny surface (factor score} -1 670 3.147 -.01% 4.020
Poor window condition {factor score) =2.,236 4 114 - 018 3.697
Poor bathroocm wall and ceilaing surface

{factor score) -1 627 3.342 -.013 2.992
High Juality kitchen (0,1) 5 6537 2.927 034 1.982
Presence of adequate exits (0,1) 4.505 2.366 04€ 2.709
Arr-conditioning present {0,1) 3.171 1.934 025 1.698
Presence of adequate ceiling height {0,1) 3.038 1.7486 034 2.170
Adequate kitchen facilities present {(0,1) &.575 1.158 117 2.267
Large multifamily structure (0,1} 3.292 1.9486 .038 2,527
Working condition of plumbing (5 point scale) N/B N/A .008 1.539
Presence of private yard {0,1} W/h 8/R 015 1.468

PROENIX

Area per room [(natural log) 36,257 12.276 .310 13.146
Tetal number of rooms [natural log) 79.480 33 024 679 34.543
Building age {years) «~0.251 4.398 - 002 5.330
Stove or refrigerator provided (0,1) 4 338 2.717 032 2.549
Central heat present (0,1} 8.290 4.650 39 2.744
Garage or carport provided {0,1} 4.50L 3.587 031 3.128
Dishwasher and/or disposal provided {0,1) 8.750 3.737 038 2.48¢
Recent ilnterior painting of papering (0,1) 2.078 1.498 .015 1.381
Average surface and structural quality

(4 point scale) 14.208 9 384 123 9.571
Adequate light and ventilation (0,1} 6.512 5.278 035 3.6A5
Central air-conditioning present (0,1} 6.802 3.366 L0530 3.132
Large multifamily structure (0,1) 4.195 2.344 .023 1.674
Plumbing present (D,1) HSR Y 046 2,507
Inferior of no heat (0,1) A N/A -.026 2 049
Presencs of adeguate ceilaing height (0,1) N/A N/A 020 1.279

SAMPLE: All enrolled households, excluding those that moved betwesen the Baseline Intervaiew and
enrollment, those with extreme values for residuals, and those livang in a neighborhoed with fewer than
five enrolled households.

DATA SOURCES Baseline Interview, Initial Household Report Form, Housing Evaluation Form, 1970
Census of Populaticn.
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presence of adequate kitchen facilities 1s also signifzcant in both
Pittsburgh equations, whereas the variable that indicates the working
conditron of the plumbing facilitres 1s included only in the semilog
equation. In Phoenax, the presence of adegquate light and ventalation
1s retained in both linear and log linear equations. Two additional
basic facilitres variables are significant in the semilog equations for
Phoenix: adequate ceiling height and the presence of adeguate plumbing

facilities.

One basic feature of the dwelling un:t which was expected to be important,
but whose coefficient was less than the standard error, was adequate elec—
traical facilities. Thas variable i1s probably misspecified. The currently
available data rated units according to a specified number of electrical
outlets per room, a factor that probably fails to distinguish units with
poor electrical equipment or dangerous wiring conditions from units with

satisfactory electrical egquipment.

The availability of heat and the type of heating equipment are significant
in determining rent level. For example, units with no heat or less desir-
able types of heating equipment {(such as room heaters without flues, fire-
places, stoves, and portable electric heaters) rent for about 8 percent
less 1in Pittsburgh than do units with other types of heating equipment;
smilarly, the linear equation indicates the dascount to be §6.79. In
Pheenix, units with central heating command a premium of about 4 percent
{or about $8.00 based on the linear equation) over units without central

heating.

Many other types of facilities provided by the landlord and included in
rent are highly valued in both cities. Examples are various types of
parking facilataes, stove, refrigerator, dishwasher, disposal, and

central or cther types of aar-conditioning.

In order to assess whether the simultanecus presence or absence of a numbexr
of features had an independent effect on rent, a series of dummy variables
were defined to indicate the joint presence of different groups of attributes.
These groups of attributes were selected by examining the simple correlations
between the variables and by asking the opinions of the housing evaluators

concerning the joint occurrence of attribute types. In Pittsburgh, two of
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these variables are significant——one that indicates the presence of several
high quality kitchen facilities (labeled "hagh quality katchen"), and one
that indicates the joint presence ¢of a high guality bathroom, a high quality
kitchen, all the basic plumbing and electrical facilaties, and sound surface
and structural conditions (labeled "many high quality features"). Units
that have "high guality kitchen” show a premium of about $5.50 (or 3 percent
in the semilog equation) over other units. Units that have "many high qual-~
ity features" show a premium of 4 percent (or about $9.0C in the linear
equation) over units that do not have all of them. #Furthermore, the over-
all evaluator rating for the unit, although correlated with many other

features, appears to capture additional quality attributes in Pittsburgh.

In Phoenix, none of the joint presence variables nor the overall evaluator
rating is significant. Thas probably means that in Phoenix the surface and
structural quality variable 1s quite important in explaining rent variances
and i1s fairly well correlated with many other dwelling unit gquality features.
Also, the variance of the "average surface and structural quality" variable

15 much larger in Phoenix than in Pittsburgh.

Variables that describe the surface and structural quality of the dwelling
unit proved somewhat difficult to define. The Housing Evaluation Form
provides separate four-point ratings to indicate the surface condition and
structural soundness of the walls, ceiling, and floor for each room and of
the exterior walls and reof, as well as ratings of the window conditicn in
each room. These ratings are haighly correiated, and several approaches to
data reduction have been tried. One approach is to average the ratings
across rooms, providing separate ratings for the average surface and struc-
tural quality of cealings, walls, and floors, and for average window quality.
But these averages alsc proved to be highly correlated, and the estimated
coefficients are very unstable. A second solution is simply to take the
average of all the four-point quality ratings for all rooms, the windows,
and the extericr. A third approach is to make use of principal compeonents
analysis of the individual ratings. Appendix VII presents a discussion of
the principal components approach and a listing of the rotated matrices

of standardized components.

In Pattsburgh, this third approach has proved quite successful. Six major

components have been identified. Analysis of graphic presentations of the
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rotated standardized components clearly indicates separate clusters of
variables. Three of the components are significant in the Pittsburgh
equation and have the expected sagn. {Since the ratings range from zero
("like new") to three ("needs replacement"}, the expected sign of the
coefficients on these variables is negative.) The three significant
components represent ceiling and wall surface (kitchen, living room, and
bedroom); window condition (all rooms); and bathroom ceiling and wall sur-—
face. Since the adjusted EQ of an equation that uses these variables is
higher than the adjusted EQ for an otherwise similar equation that uses
the average of all quality ratings, the components have been used in the

final equation.

In Phoenix, three praincipal components have been identified. However, the
first component was strongly asscciated with every variable except bath-
room and kitchen window condition. The overall average guality variable
{labeled "average surface and structural quality") was considered the best
representation of surface and structure in Phoenix, since 1t contributed
nore to explanatory power than did the variables derived from component
analysis. As seen in Table 3-8, a change i1n surface and structural quality
has a very 51gq}f1cant impact on rent in Phoenix. A one-unit umprovement
in the overall average quality rating implies a rent increase of 12.5

percent.

Dwelling unit interilor space 15 described both by the natural log of the
total number of xooms and by the natural log of square feet per room. As
expected, the relationship between rent and dwelling unit size i1s nonlinear
--rent increases at a decreasing rate with the addition of extra rooms.
This 1s reflected in the logarithmic form of the variable, which is empiri-
cally preferable to the linear form. 1In addition, the variance in the
number of square feet per room is quite large and has a very significant

influence on rent i1n both cities.

Finally, dwelling unit type was represented by dummy variables that indi-
cate single-family detached units; single~family attached, row, and duplex
un:ts; three- and four-unit structures; multifam:ily structures with five
or more units; and meobile homes. In both Pattsburgh and Phoenix, large

multifamily structures are more highly valued than the alternative structure
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types; large multifamily units command z rent premium of about 4 percent

in Pittsburgh and 2 percent in Phoenix, according to the semilog eguations.

¥Neighborheod Amenities and Public Services

The definition of meaningful neighborhood descriptors is complex; neighbor-
hood 15 both a social and spatial concept. It i1s drfficult to measure
public services or neighborhood “"status," and difficult to determine the
appropriate "spatial" dimension of neaghborhood. 2 spatial concept of
neighborhocod is clearly relative and differs among individuals. Neverthe-
less, since most data are availlable at the block or Census tract level,

these geographic areas are most commenly used in practice,

Two studies 1n particular have attempted to solve scme of the problems in
defining neighborhood attributes. FKain and Quigley's analysis of the qual-
ity of resident:ral environment used 39 separate evaluator ratings on aspects
of the intericr and exterior of the dwelling unit, the gquality of surrcunding
structures, and the guality of the immedaiate block face on both sides of the
street (Kain and Quiglevy, 1970a and 1970b). TFactor analysis was used to
reduce these ratings to five separate dimensions of dwelling unit and nexgh-
borhood cuality; the derived factors provided descriptions of dwelling unait
guality, basac re31dént1al quality, and quality of proximate properties,
nonresidential land use, and the average structural quality of properties

on the block face. Kain and Quigley used these factors as variables in an
equation that also included Cemnsus variables to reflect a broader neighbor-
hood, expecting that while consumers place great value on the qualaity of

their immediate neighborhood, they are also concerned with a broader area.

Thomas King's study of New Haven examines the use of "subjective" resident
opinions, as contrasted with "objective” data, to represent neighborhood
and public service quality (King, 1973). 2 survey of homebuyers provided
ordinal ratings (on a 1 to 5 scale) of 13 types of amenities and services,
such as schoel quality, level of crame, street maxzntenance, and air pollu-
tion. These ratings were then averaged over elementary school districts.
Although it 1s difficult to cheoose an appropriate area for which to'average
these consumer perceptions, the average responses of a large number of
indaviduals will approximate better than individual judgments the prevail-

ing market judgments about neiaghborhood qualities (King, 1973}, If a
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household’s high rating of a given neighborhood is not shared by cother
bidders, it may obtain the location at a lower price than it would have
been willing to pay, but this individual "bargain™ will not affect the
market value of the nerghborhood. KXing tested the association between
these subjective ratings and “objective" measures of the same attribute
(where objective measures were available) and generally found a high

correlation between the two.

Both of these studies have influenced the deraivation of the neighborhcood
guality variables employed here. Three spatial dimensions are used--the
immediate block face, the Census tract, and an aggregation of Census
tracts into larger neighborhoods. In addition, three types of data are
used--housing evaluator ratings (recorded on the Housing Evaluatzon Form),
Census data, and participant opinions (recorded in the Baseline Interview).
The discussion that follows i1s organized around these three spatial dimen-
sions. Table 3-9 lasts the neighborhood variables included in the hedonic

rggresslons.

Block face variables. The block face represents the area within 100 yards

of the unit in both darections. Ratings on aspects of the proximate block
face were obtained from the Housing Evaluation Form, and inciude street
maintenance, street lighting, pedestrian walkways, landscaping, street
litter, types of surrounding buildings, and the presence of abandoned
buildings or cars. In Pheoenix, the quality of block face landscaping
proved to have a sagnificant effect on rent. In Pattsburgh, a derived
dumny variable labeled "high quality blockface" is signaficant: this
variable specifies that several high raflngs occur together (for street
marntenance, landscaping, and litter} and that no detrimental features

are present.

Census tract variables. At the Census tract level, many descriptors of

dwelling unit characteristics and of the residents' demcgraphic character-—
istiecs are available. As would be expected, these variables are highly
cellinear. When a number of the Census variables are included in an
equation, only a few of them are significant or have the expected sign.
Two approaches to finding the most appropriate use of the Census data

have heen tried--selection of a subset of rndivadual variakles, and

principal components analysais.
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Taple 3-%9

CCEFFICIENTS OF NEIGHBORHDOD ATTRIBUTES

VEIGHBORHOOD VARTIABLE

LINEAR

SEMILOG

COEFFICIENT

t-STATISTIC

COBEFFICIENT

t-STATISTIC

BITTSBURGH
Gaod recreaticnal facilities {facteor scors) 2.498 4§ 706 024 4.964
Traffic and litter problems {factor score) =-1.112 L.797 =.009 1.607
Problems with crime and public services
(factor score) -1.4562 2.570 - 018 2 926
Census tract with hagher priced dwelling
units and higher sociceconomle staktus
{factor scorel 3.677 5.890 032 5.626
Nonminority census tract with higher
sociceconomic status (factor score) 3 69l 5.833 .03z 5.542
Blue ¢ollar workers and nomminority
residents 1n census tract (factor score) -2,722 5.488 -.026 5.694
High quality block face (0,1) 5.274 4.543 043 4,160
PHOENIX
tverall ne:ghborhood quality (factor score) 2.294 3.158 019 3 284
Recreaticnal facilities (factor score) 2,480 3.792 016 3.144
Access to shopping and parking (factor score) 0.972 1.308 .013 2.265
Census fract with higher priced dwelling
units and higher socroeconcmic status
(factoxr score) 3.851 4.024 025 3.266
owner—eccupled, single-iamily dwellang
units 1n census tract (factor score) 1.567 2.28¢ L0085 1.025
Poor quality housing in ¢ensus tract
(factor score} -2.926 4.469 ~.029 5.559
Distance from Central Business District (miles) =0.530 3.555 -.004 3.611
guality of bleck face landscaping (4 point
scale) 2,681 3.856 021 3.867

SAMPLE- All enrolled households, excluding those that moved between the Baseline Interview and
enrollment, those with extreme values for residuals, and theose livang 1ih a neighborhood with fewer than

five enrolled househclds.

DATA SCURCES: Baseline Interview, Tnitial Household Report Form, Housang Evaluvation Form, 1970

Census of Population.
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When individual Census var:iables were used in an equation, emphasis cen-
tered on selecting measures of dwelling unit quality (such as the propor-
tion of un:ts that are substandard, or the proportion that have air-
conditioning) and on measures of the residents’® socioceconomic class (such
as the proportion of blue-collar workers). Median tract income behaved as
a dominant variable; that i1s, it was highly correlated with other variables
and masked their contribution. Ewven without median tract income, however,
the regression results were fuzzy. In cne of the preilaminary eguations
estimated for Pittsburgh, only the proportion of substandard units and the
proportzon of blue-collar workers were significant and had the expected
sign. In Phoenix, only the proportion of blue-collar workers was signifi-
cant. Sance these variables are rather arbatrary indicators of neighbor-
hood gquality at the Census tract level, an alternative way of using the

data was necessary.

Principal components analysis was based on 20 characteristics of tract
properties and residents, and analyses were performed separately by site.
No "ﬁypotheses" about underlving traits were maintained; rather, the
approach was strictly one of data reduction. The components are retained

in the equations according to their level of significance.

in Phoenix, many of the variables are highly asscciated with the first
component, which appears to describe the overall sociceconomic status of

the tract (labeled "Census tract wath higher priced units and higher socio-
economic status”). Thus income, education, and property value are positive-
ly associated with this component; overcrowding, blue-collar residents, and
Spanish American residents are negatively associated with 1t. The second
component in Phoenix describes neighborhcods with single-family, owner-
occupied, larger units. The third component 1dentifies poor quality housing
——units without adequate plumbing, waithout adequate heat, and with incomplete
or shared kitchen facilities {labeled "poor quality housing in the Census
tract"). These three components are included in both the linear and samilog

eguations for Phoenix.

In Pattsburgh, the first component represents neighborhoods with higher
guality, owner-occupied, single-family units. However, this variable 1s

not i1ncluded in either equation, probably because of the rather small
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variance of some of these variables in a sample of low-income renter house-
holds. The second and third components in Pittsburgh are significant in
both the linear and semilog equations. The second component represents
neighborhocods with higher sociceconomic status and newer, hagher priced
units. Census tracts with a lower proportion of black households and rela-
tively higher income households are represented in the third component.
Finally, a fourth component, which 1s included in the Pittsburgh linear
equation, indicates tracts with blue-collar residents and a relatively low

proportion of black residents.

There are potential problems with the inclusion in the tract components of
demographic descriptors reflecting the overgll income, education, occupation,
household size, and race/ethnicity of tract residents and of the median rent
and value of unaits 1n the tract., These variables are included hecause they
appear to be associated with the guality of the neighborhood in terms of its
level of services, general ambiance, and overall locational value.l It may
be argued, however, that the estimated coefficients of facteors including

these variables will migstate the value of the neighborhood.

The immediate concern with including the median rent and value of units in

the tract 1s that they are somehow tautological. If, in the extreme case,

all units in a tract had the same rent, then (mean) tract rent would per-
fectly predict the rent of uwnits. In this extreme case, inclusion of mean
tract rent as a wvariable would, of course, make 1t impossible to i1dentify

the value of the underlving attrlbutes.2 On the other hand, there would no
longer be any need to do so. Hedonic indices essentially attempt to estimate
the normal market value of units. A general consensus that units in a partic-
ular area are worth more 15 no less wvalid than a consensus that larger unats

are worth more.

bvicusly, of course, to the extent that the variables included in the hedonic
indeXx are "black boxes" which predict market cost without explainang it, they

may be less likely to be replicated over time oxr between c1t1es.3 Indeed, to

1
There are also special issues assocliated with racial or ethnic de-~

scriptors due to the possibility of price differentials introduced by discrimi-
nation, as discussed in Chapter 5.

2

The prcblem 1n this case 1s not, of course, tract rent, but i1denti-
fying the tract at all. A set of tract dummy variables would raise the same
isSSues.

3

In addition, potential i1ssues involving market segmentation can only
be effectively answered to the extent that the reasons for neighborhood price
differences can be ascertained.
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the extent that housing markets are dominated by the exasting steock and thus
can deviate from underlying production costs for long periods of time, the
market value of well-defined attributes may also vary over time 1f demand
changes over time. Fortunately, stability can be directly tested in the Demand
Experiment, using Control households as discussed in Chapter 4. The tests in-
drcate that the relative attribute prices of the baseline hedonic model are

guite stable over the periocd of the experiment.

In any case, the median rent and value of units in a tract are not by them-
selves such good predictors of individual unit rents that they threaten to
dominate the eguation. While the hedonic equations explain 66 and 80 percent
of the variance 1n rent 1n Pittsburch and Phoenix, respectively, regressions
of In rent on median tract rent explain 13 and 32 percent and of the variance
in 1ln rent, and regressions based on median tract value explain 13 and 21 per—

cent, respectlvel,y.l

A more troublesome 1ssue with ainclusion of a general tract rent level variable
1s actually the same issue that araises from inclusion of tract demographic
descriptors—-the possibility that the value imputed by the estimated cceffi-
cients to the tract refers to certain unmits in the tract which are systema-
tically different from those that will be occupied by other households. Thas
can arise in the following way. Say that, as might be expected, the demogra-
phic characteristics of ohserved households tend to be correlated with tract
characteristics. Thus, for example, tracts with higher median income would
tend to be associated with households with higher incomes. But higher-income
households tend to spend more on housing, including, possibly, housing with
attributes not specifically included in the hedonic regressions. In thas
case, the estimated coefficient for a factor including tract income would in

part reflect omitted characteristics and the greater demand for housing by

1 .
The estimated regressions are:

PITTSBURGH PHOENIX
Median Mediran Medzan Median
Censug Tract Census Tract Census Tract Census Tract
Rent (1n) Unit Value {In) Rent (1n) Unit Value (I1n)
Coefficient .005 .00003 006 00004
o 246.66 250.06 813.53 454,39
RZ .13 .13 .32 .21
s.3. error of residual .277 L2777 .304 .328
N 1,579 1,579 1,695 1,695

SAMPTE: All enrclled housecholds at the baseline period, excluding those
over-income and those having extreme valwes of hedoni¢ residuals.
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1
higher-income households.

In fact, this dces not appear to be a serious problem. Thus, for example,
the neaghborhood factors included in the hedonic eguation are very poor pre-
drcteors of individual household income, so that there 1s little reason to
suspect that the estimated coefficients reflect the individual households

cbserved rather than the owverall characteristics of tract unats.

The results of the regression of household income (natural log) on the c¢ensus
tract factor scores included in the final semi~log hedonic equations are shown
below 1n column (1) of Table 3-10. Aalthough the estimated coefficients are
significant in Phoenix, the explanatory power 1s very low (6 percent of the
variance in houschold income 1s explained by the census tract factor scores).
In Pzttsburgh, none of the variance 1s explained by the census tract factor

SCOYeS.

In order to help assess the potential bias in the estimated coefficients of
the census factor scores, an hedonic regression was estimated which corres-—
ponded to the final semi-log eguation with the following exceptions—-the census
tract factors were excluded and household income (natural log) was included.
The estimated coefficient of household income i1s .0603 in Pittsburgh and .0625

1n Phoenix {and both coefficients are significant at the .01 level).2

The potential bias in the estimated coefficients of the census factor scores

in the fainal hedonic regressions would at most be the hedonic coefficient for

income times the coefficients of the census factors regreséed on household

income, Column (2) zn Table 3-10 shows this product (the coefficients in

column {1} times .0603 1in Pittsburgh and .0625 1in Phoenaix}. Thas result is

then compared with the estimated coefficients for the census factor scores -
for the final hedonic eguaticns, shown in column (3). The difference, as

seen in coluwmn (4), s generally only an the third decimal place of the hedon-

1c coefficient.

lThis problem was suggested to us by C, Lance Barnett.

2 :
The statistics pertaining to these hedonic regressions are:

-2 PITTSBURGH PHOENIX
R .6396 . 7998
F 86.12. 257.00
N 1536 1603
Coefficient of (1n) income .0603 0674
t~statistic 4.47 6.337
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POTENTIAL BIAS IN THE ESTIMATED COEFFICIENTS
OF THE CENSUS TRACT FACTOR SCORES

Table 3-10

(1) (2) (3) (4)
ESTIMATED ESTIMATED
REGRESSION OF HOUSEHOLD INCOME (1n) ON CENSUS CCEFFICIENTS -~ COEFFLCIENTS
TRACT FACTOR SCORES conumMy (1) TIMES OF CENSUS TRACT
COEFFICTENT FACTOR SCORES COLUMN {3}
COEFFICIENT OF INCOME IN HEDONIC LESS
FACTOR {t) (1n) 2 EQUATIONP COLUMN {2)
PITTSBURGH

Census tracts with higher priced 0179 L0011 02922 .0281
units and higher soclceconomac (1.66)
status (XCENFO2)
Nonminority Census tracts with L0130 .0008 .02922 0284
higher socloeconomic status {1.17)
( XCENFO3)
Census tracts with blue collar -.0011 -.0001 -.02458 -.0244
workers and nonminority residents {.10)
(XCENFQ4)

®? .0007

F 1.367

N 1536

{continued)

a. Coefficient of natural log of household

income but excludes all Census tract factor scores. See text.

b, Final semi-log hedonic regressiong were

ancome in an hedonic regression that includes {1n)

estimated that correspond to those presented in

Tables 3-2 and 3-4 for Pittsburgh and Phoenix. The estimated ccefficilents presented here for the Census

tract factor scores differ very slightly from those

in the final equation due to minor differences in

sample (arising from asserbling a file ancluding only hedonic variables and household income) .
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Table 3-10 {(continued)

POTENTIAL BIAS IN THE ESTIMATED COEFFICIENTS
OF THE CENSUS TRACT FACTOR SCORES

{1) (2) (3) {4)
ESTIMATED ESTIMATED
REGRESSION OF HOUSEHOLD INCOME (ln) ON CENSUS COEFFICIENTS-= COEFFICIENTS
TRACT FACTOR SCORES COLUMN (1) TIMES OF CENSUS TRACT
COEFFICIENT FACTOR SCORES COLUMN (3)
COEFFICIENT OF INCOME IN HEDONWIC 1ESS
FACTOR () (1n) 2 EQUATTOND COLUMN (2)
PHOENTX
Census tracts with higher priced .0787 .0049 .0262 L0213
units and higher socilceconomic {6.61}

status (XCENFO1)

Census tracts with owner-cccupied L0506 .0032 .008 .0048
single-family housing (XCENFO2) {4.18)
Poor guality dwelling units in -.(822 ~-.0051 -.0324 -.0273
Census tracts ({XCENFO3) {6.67)

R2 0605

T 35.41

N 1603

a. Coefficient of natural loyg of household income in an hedonic regression that includes (1n)
income but excludes all Census tract factor scores. See text.

b. Final semi-log hedonic regressiong were estimated that correspond to those presented in
Tables 3-2 and 3-4 for Pittsburgh and Phoenix. The estimated ccefficients presented here for the Census
tract factor scores differ very slightly from those in the final equation due to minor differences in
sample (arising from assembling a file including only hedonic variables and household income).




Particapant ratings of public services in larger neighborhoods. Participant

surveys on neighborhood cenditions and public services were alsc used to
specify neighborhood quality, and included ratings of elements such as the
quality of schools, police and fire protection, garbage collection service,
street laighting, parking, medical and shopping facilities, and the qualaity
of landscaping. Participants alsc rated the degree to which certain aspects
of their neighborhood were a problem, such as the presence of crime, the use
of drugs, traffic congestion, poor street maintenance, and abandoned build-
ings and junk—filled lots. Each of these responses (on eirther a three- or

a four-point scale) has heen averaged by Census tract to represent prevail-
ing perceptions of the tract area. Sance the sample of partacipants in most
tracts 1s extremely small, however, a broader definition of neighborhood was

necessary-

Fortunately, larger neighborhoods had already been defined. The base payment
levels 1n the Demand Experiment (the C* schedules) were developed from a
weighted average of the cost of modest existing standard housing in each
neighborhood of the counties, as estimated by a panel of local experts
(realtors, HUD area office staff, and so forth). These C* neighborhcods were
defined so that they were reasonably homogeneous with respect to housing costs
and types and corresponded as much as possible to local perceptions of dis-
tinct neighborhoods. Thirty-four such neighborhoods have been defined for
Pittsburgh, 20 for Phoenix. Partaicaipant ratings have been aggregated over
these areas in cone of two ways--as the average value of the three- or four-
poant scale, or {(for some variables} as the proporticn of households that
judged the attribute to be of "poor" guality. The latter method was used
when the major sample variation across C* neighborhoods oceurred in the

propertion of regpondents that ranked an attribute as poor.

Wwhen these individual variables were used in an equaticn, the same problem
occurred as with the Census data: many of the variables were highly collin-
ear. When more than a few were included in the same equation, the magni-
tudes and the signs of the coefficients were extremely unstable. In traial
equations estimated for Pittsburgh, two variables--problems with laitter and
trash, and poor quality recreation facilities--were significant, had the

expected sign, and provided the most explanatory power. In Phoeniz, three

of landscapaing, elementary schools, and police protectaion.

|
|
variables provided the best results in preliminary equations-—-the quality
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Again, in order to identify separate clusters of variables representing
neighborhood gquality, the full set of participant ratings in each site was
used in & prancaipal components analysis. The scores deraved from this
analysis were tested in the regression, and several are significant. Since
the explanatory power of an equation that uses these sceres is slightly higher
than the explanatory power of an equation that uses a small subset of the
separate ratings, and saince the components represent a larger number of
individual variables, the derived components have been included 1Q:the final

equations.

The first component in Phoenix (Iabeled "overall neighborhcod quality"} is
positively associated with many variables that describe the guality of
public services (such as schools, police, fire protection, and garbage
collection) and the quality of landscaping, and it 1s negatively assocrated
with neighborhcoed “problem" ratings (such as poor street maintenance, litter,
drugs, crime, abandoned cars, and junk-filled lots}. The second significant
component in Phoenix represents good gquality recreational facilities for
adults, teenagers, and children; the third, accessibility to shopping and
parking.

In Bittsburgh, the same components are significant in both the linear and
semilog equations. The first Pattsburgh component represents areas with
good recreational areas, good transportation, and easy access to shopping,
medrcal facalities, and places of worship. The second component represents
problems with noise, heavy traffic, drugs, abandoned buildings, and latter.
The third indicates areas that have crime problems and poor public services,

such as police, fire protection, and elementary schools.

In summary, variables deraived from principal component analysis of Census
descraiptors and of participant perceptions of their nerghborhood have been
used to describe neighborhood ¢uality. For both types of data, the results
seem preferable to the use of only a limited number of individual variables
in a given equation. First, the explanatory power of the equation is
increased, although the increase is marginal. More wmportant, since the
deraved components are functions of numerous descriptors of neaghborhood
quality, they should be more sensitave to changes in the consumption of
nerghborhood attributes. But neither method--the arbitrary selection of a
limrted group of individual variables or the use of a data reduction tech-

nique such as praincipal component analysis—-is completely satisfying. For
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example, the assumption in this principal components analysis of a linear
relationshaip among variakles such as Census descriptors can certainly be
questioned. In addition, the degree of similarity between the characteris-
tics of an individual household and those of neighboring households may

affect consumer valuations of neighkorhood type.

Accessibility. Ease of access to various facailaties 1s expected to be

associated with higher rent levels through i1ts effect on the price of land,
which i1s thought to reflect the cost of transportation from a given location
to centers of economic actaivity. The cost of transportation, in turn, is a
function both of the time costs of travel and of operating costs such as bus
fares or automobile expenses (Alonso, 1965 and Muth, 1969). Accessibility
to work place, in particular, has been hypothesized to play a major role in
location decisions. In such models, the price of housing differs across
locations because households bid for residential sites that are close to

theair work places.

Several variables have been defined for use in the present analysis as
surrogates for the effects of the land rent gradient. One approach is
based on the traditional monocentric model, which assumes that land prices
vary as a functicn of distance from the Central Business District (CED).
Information on travel time to the CBD as not avaiiable; instead, distance
to the CBD has been used. . Both the linear and logarithmic forms were

tested in both ¢ities.

In contrast, multicentered medels recognize numerous centers of employment.
A generalized employment accessibilaty variable for Pittsburgh, representing
the multicentered approach, was obtained from the Nat:ional Bureau of Econo-
mic Research in Cambridge, Massachusetts. This variable is defined by a
standard exponential decay function of travel taime, weighted by emplovment
in each of the 132 school districts in the Pittsburgh SMSA. EBach school
district is composed of several Census tracts; the data were allocated to

Census tracts for use in thas study. Thus,

{4) "Generalized n &
enployment = E -jf*
accessibilaty” 7=1 tlj
where
E] = employment in zZone 3j
tl] = travel time from zone 1 to zone ]
¢ = a posaitive constant.
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In Pirttsburgh, neither the generalized accessibility variahle nor Ehe single
distance measure are significant in either the linear or log linear final
equation. There are probably two reasons for this, First, the specafica-
tions tested are undoubtedly too simple to represent the complex access
patterns in Pittsburgh. Second, the princapal components analysis based

on the aggregations of Census tracts (C* neighborhoods} tends to distin-

guish between central city and suburban attraibutes.

Distance from the CBD 1s included in both Phoenix equations, however, and
seems to provide a reasonably strong access measure. Based on the linear
equation, rent for units ten miles from the CBD is $5.30 less than for

comparable central city units.

3.3 ANALYSIS OF RESIDUALS

The analysis of regression residuals is important in assessing the results
of the hedonic medel. The residuals should exhabat certaan patterms if the
formal assumptions of the model are reasonably correct; that 1s, the errors
are normally distraibuted with zero mean and constant variance. Nonconstant
variance {heteroskedasticity) results in inefficient gstlmatlon and, 1f
present, suggests some transformation of the data before estimation
{(Johnston, 1963). Suspect chservations with extremely large residuals
(outliers) can alsc be identified. It may be advisable to remove outliers
from the final estimation, depending on how they were generated (Anscombe

and Tukey, 1863).

More generally, the assessment of residuals with respect to gecgraphic areas
and the demographic characteristics of the households will indicate whether
the model vields unbiased predictions. This 1s especially important in
light of the analytical uses of both the housing index and the residuals an
demand models and in locational cheoice models. Strong correlation of the
residuals with income or demographic groups might indicate either biases
resulting from omztted gualaty variables or market segmentation based on
differences in taste.l Similarly, severe bunchaing of residuals according
to a geographic pattern suggests either omitted variables or improper

specification of neighborhood effects.

lA related issue~—the analysis of submarkets as a function of racial
concentration and central city and suburban differences--is discussed in
Chapter 4.
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The results of the residuals analysis are very encouraging. For both the
linear and semilog eguations the residuals appear to meet the necessary
dastributional assumptions. As discussed below, a very small number of
cases were designated as outliers and were excluded from final estimation.
Thege outliers are also excluded from the graphi¢ and other analyses of the
residuals, whaich are designed to assess such concerns as heteroskedasticaty
and nonlinearity and can be difficult to interpret when extreme values are
included ain the sample. In fact, the tests are not generally sensitive to
a single problem, and the inclusion of outlier obhservations can produce
misleading test results. For example, an outlier might increase the vari-
ance of the subgroups to which it belongs, or a test might mistakenly
suggest heteroskedasticity (Anscombe and Tukey, 1963; Draper and Smith,
1266} .

Predictive Ability and Identification of Outliers

The explanatory power of the hedomic regressions is described by the statis-
tics shown in Table 3~11 and by the distraibutions of prediction error shown
in Table 3-12. ([The outliers, described below, are excluded from the sanmpie
in both tables; 16 observations are designated as extreme in Pittsburgh,

20 in Phoemix.} As shown in Table 3-11, the standard errors of the

linear equations are about $19 in Pittsburgh, and $21 in Phoenix. Based

on the absolute value of the linear residuals, the mean percentage differ-—
ences 1in predicted and actual rent are 14.3 in Pittsburgh and 13.8 in
Phoenix; for the log residuals from the semilog equation, the mean
percentage difference in log rent and predicted log rent 1s under 0.03

in both c:l.ties.l The cumulative distribution of the prediction error,

shown in Table 3-12, indicates the tight fit of the model. For both the
linear and semilog equations estimated rent for over 75 percent of the

households deviated 20 percent or less from actual rent.

It 1s also useful to visually assess the fit of the model. Figures 3-2
through 3-5 present plots of predicted versus actual values for the semi-
log and linear equations. In these figures, the actual value is plotted

on the vertical axis, the predicted value on the horizontal axis. The

1 ~R | 1nR-1nR|
Computed as JEur—{-l--for the linear equaticn and as lnin;nR for
the semilog equation.
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Table 3-11
DESCRIFTION OF HEDCNIC EQUATIONS AND RESIDUALS

BITTSBURGH PHOENIX

DESCRIPTIVE STA'I‘ISTICa LINEAR SEMILOG LINEAR SEMTLOG
Standard error of the
regression equation 19.206 .17198 21.211 .16587

2 .r.'
R .66 .66 .79 .80
—2
R .65 .65 .78 . .80
Minimum residuals -67.308 -.596 -65.664 -.6l2
Maximum Residuals 70.174 .593 72.190 .593
Mean percent difference, pre-—
d1cted and actual valuesP 14,3% 2.9% 13.8% 2.7%
Sample 1,599 1,583 1,593 1,593
Extreme residual sample size 16 16 20 20
Mean value 46,239 133 63.23 .16%
Maximum values -106.105 =1.069 =-77.808 -1.233
Maxaimum values 186.809 1.134 200.749 1.125

SAMPLE: All enrolled households, excluding those that moved between
the Raseline Interview and enrolliment, those with extreme values for residuals,
and those living in a neighborhood with fewer than five enrolled households.

DATA SOURCES: Baselane Interview, Init1al Household Report Form,
Housing Evaluation Form, 1970 Census of Population,

a. The statistics refer to the sample which excludes the extreme
residuals. . A
b. Computed as lOOlR—RI/R for the linear egquation and 100 lnR—lnR|/lnR
for the semiloy equation.
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Table 3-12

DISTRIBUTION OF PREDICTION ERROR
(Cumulative Frequency}

LINEAR EQUATIONS SEMILOG EQUATIONS
PERCENTAGE DIFFERENCE
PREDICTED AND ACTUAL RENT  PITTSBURGH  PHOENIX PITTSBURGH  PHOENIX
0-1 4.8 6.9 5.0 6.4
1-2 9.3 12.1 10.9 11.3
2-3 13.6 18.1 15.9 16.9
3-4 19.3 23.3 20.6 22.4
4-5 24.7 28.5 25,9 27.4
5-10 46.5 50.2 46.7 51.3
16-15 62.9 66.8 65.5 68.4
15-20 .76.8 77.7 78.1 79.9
20-25 84.9 85,2 86.7 88.4
25-30 91.0 90.1 92.5 93.1
30-40 95.9 94.9 96.8 97.2
40-50 97.7 97.7 98.1 98.6
50-75 99.6 99.4 99.7 99,7
75-100 100.0 100.0 100.0 100.0
> 100 - - -- -
SAMPLE 1,599 1,589 1,583 1,594

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enrollment, those with extreme wvalues for residuals,
and those living 1n a neighborhood with fewer than five enrolled households.
DATA SOURCES: Baseline Interview, Init:ial Household Report Fozm,
Housaing Evaluation Form, 1970 Census of Population.
a. Computed as |R R[/R for the linear eguation and jexp lnR-exp lnR|/
exp InR for the semilog egquation.
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ACTUAL RENT

Figure 3-2
ACTUAL AND PREDICTED RENT: PITTSBURGH
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SAMPLE  All enrolled households, excluding those that moved between the Baseline interview and enrollment, those with
extreme values for residuals, and those living in a neighborhood with fewer than five enrolled households

DATA SOURCES Baseline Interview, Imitial Household Report Form, Housing Evaluation Farm, 1970 Census of
Population.
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ACTUAL NATURAL LOG OF RENT

Figure 3-3
ACTUAL AND PREDICTED NATURAL LOG OF RENT: PITTSBURGH
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Figure 3-4
ACTUAL AND PREDICTED RENT: PHOENIX
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ACTUAL NATURAL LOG OF RENT

Figure 3-5
ACTUAL AND PREDICTED NATURAL LOG OF RENT: PHOENIX
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dragonal line is the locus of points of perfect prediction (that is, equality
between actual and predicted values).l The observations are tightly distxi-

puted around the diagonal for all four equations.

Because the results described here are based on samples from which "outlier”
observations have been excluded, one of the more important residuals anal-
yses 1s the identafication of outliers. Fecllowing Anscombe (1960) and
Anscombe and Tukey (1963}, extreme residuals, whether they are felt to
represent measurement error or valid observations from a very long-tarled
distrabution, c¢an be modified or eliminated from formal estimation. When
the daistrabuticn of residuals was examined, a few cases were felt to be
extreme; these cutliers were rejected rather than reweighted. Table 3-11
shows the range of residual values for the excluded cases; in the linear
equation, for example, the range is -3$106 to %186 in Pittsburgh, -$78 to
$201 1in Phoenix. (The information for these households was examined exten-
sively and no systematic determinant of poor prediction could be found.)
Residuals greater 1in absolute magnitude than C6 were excluded, where C 1s

a gaiven constant and ¢ 1s the standard error of the regression (Anscombe
and Tukey, 1963}.2 Anscombe and Tukey prefer to view this rejection rule
85 an insurance pcolicy against a miastaken increase i1n the error variance.
Although the rejection rule was applied to both the linear and semilog

equation in the same straightforward manner, the interpretation is not

1
The data points are represented by asterisks (*}. When more than

one data point falls into a single printing position, the actual number of
cases 1s printed.

“C 15 derived as follows:

K =1.40 + .85N
2
K- 2 v
= K - —= = .
¢ ! av n

where

N = 2.326, the normal deviate for the umt
normal cumwlative of .99

V = degrees of freedom
n = sample size.

Solving C = 3.33; AC& in Pittsburgh 1s {3.33)(21.493} = $71.60 for the
linear equation; C¢ in PhoeniX 1s (3.33)(23.934) = $79.70 for the linear
equation. For the semilog equation Co equals 0.617 in Pattsburgh, 0.615

in Phoenix. The os are the standard errors of the equations prior to
exclusion of the outliers.
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the same. For the linear case, the rule rejects cases that have residuals
with large absolute value. For the semilog case, the residuals are 1in
logarithmic form; thus, cases are rejected in which the percentage of
errcr 1s large. Cases that were outliers in either eguation were excluded
from both equations; that 1s, the union of cases with residual wvalues ex-—
ceeding co in any equation for a given site were removed from the sample
in the final estimation. Fortunately, since the precision of estimation
is so simalar for the linear and semilog equatrons for each site, nearly

1
the same cases were defined as outliers in each.

Heteroskedasticaty

One of the assumptions of the least squares model 1s that of homoskedasti-
eity: namely, that the error terms are distributed with constant variance,
¢2. when this condition is not met, the error terms are said to be hetero-
skedastic. Unless some transformation of the data is done in this case,

the least squares estimates will be inefficient.

e

The exact form that potential heteroskedasticity might take is of course
unknown. Several approaches were taken to assess deviations from constant
varlance, First, the squared residuals were regressed on some of the ampor-
tant independent variables: the number of rooms (natural log):; the average
of all the surface, structure, and window condition ratings; and the overall
evaluation xrating. Second, the absolute value of the residuals was regresgsed
on the same independent variables. In addition, as dascussed 1in Section 2.3,
the relative degree to which the linear and semileog equations exhibit heterco-
skedasticity was assessed. In this case, predicted rent was regressed on

the squared residuals and on the absolute wvalue of the residuals. These
tests are equivalent to assuming, respectively, that the variabality of the
residuals is proportional to a given independent wvariable or to the xé matraix.
Finally, scatterplots that correspond to all the regressions were made, in

order to provide a visual check on the error terms.

10f the 16 cases excluded in Pittsburgh, 14 were designated extreme
values i1n both equations: that is, both the absolute and proportionate
ability to predict were poor. Of the 20 cases excluded in Phoenix, all but
4 cases were excluded by both equations. The difference is largely due to
the following: when rents are very low, the percentage of errcr is some-
times large, whereas the absclute residual is not.
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The regression results, shown in Table 3-13, indicate no strong associations
hbetween either the squared residuals or the abgsolute residual and the number
of rooms, the average quality rating, or the overall rating. The scatter-
plots, not presented here, support this conclusion. In most cases the
explained variance 1s close to zero; even when the ccefficients are signi-
ficant, their size 1s negligible. As discussed in Section 2.2, a very slicght
heteroskedasticity 1s present with respect to predicted rent for the semilog
egquation in Phoenix and for the linear equation in Pittsburgh; however, the

scatterplots reveal no regular patterns.

Other Residual Tests

The final set of residuals analyses attempted to uncover systematic biases
in predictive ability, according to gome gecgraphic pattern or to an associa-

tion with household characteristics.

First, the mean residuals were computed for Census tracts and for C* neigh-
borhoods; these means were then mapped and coded according to sign and
magnitude. No discernible pattern emerged; if access, distance, or neigh-
borhood quality characteristics have been omitted or poorly specified, it

1s not apparent through this type of test.

Second, the residuals from the linear and semilog equat2ons and the percent-
age deviation of actual and predicted rent (linear) were regressed on 1ncome,
education, hotusehold size, race, and age of head of household. If important
quality attributes have been omitted, the coefficients for income and educa-
tion would be expected to be large and positive. If racial concentration
affects rent, then the coefficient for race of household will be significant
1f th:is has not been adequately controlled for. The coefficient might be
either negative or positive, depending on whether the race variable proxies
omitted neighborhood problems or ghetto praice dlscrlmlnatlon.l No particular

hypotheses are maintained for age or size of household,

As shown an Table 3-14, the explanatory power of these equations 1s very low
and the coefficients for most of the variables are small and insignificant.
In Paittsburgh, however, the coefficients for income and education are signi-
ficant and have the expected sign. In Phoenix, income 1s significant, but

education is not. Aalso, the eguation indicates that the residuals for black

1This topic is discussed at greater length in Chapters 4 and 5,
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Table 3-13
ASSESSMENT OF HETERQSKEDASTICITY

INDEPENDENT VARIABLE

Average Overall
Predicted Total Rooms Interior Bvaluator
Rent (naturgl log) Quality Rating
FORM OF RESIDUAL R2 g2 r? RZ
PITTSBURGH
Linsar Equation
le] .035 .004 .010 .008
e? .030 .004 .007 .008
Semilog Equation
fel .008 .010 .000 .000
e2 .01% .018 .000 .001
PHOENIX
Linear Eguation
le] .006 .001 .0c1 .001
ez .010 004 .0G0 002
Semilog Equation
lef .05 .028 .020 .020
e2 .045 .000 .01 .02

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enrollment, those with extreme values for residuals,
and those living in a neighborhood with fewer than five enrclled houscholds.
DATA SOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Foxrm, 1970 Census of Population.
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Table 3-14

RESIDUALS ANALYSIS - -
REGRESSIONS ON DEMOGRAFHIC VARIABLES

DEPENDENT VARIABLES

PERCENTAGE DEVIA-
TION OF ACTUAL AND
RESIDURLS - RESIDUALS - PREDICTED RENT,

INDEPENLENT
VARIABLES AND LINEAR EQUATION SEMILOG EQUATION LINEAR EQUATION
STATISTICS Coefficrent t Coefficient t Coefficient t

PITTSBURGH
Income .00082 2.46 .00001 2.60 —.00o0 1.22
Education .681 3.34 . 0059 3.24 -.0004 .24
Household saize .366l1 .96 -.0064 1.87 -.0037 1.44
Black household head -.806 .69 -.006 .54 0017 .22
Age of head of
household 030 .93 -, 0000 217 D005 2,47
Constant -10.70 -.071 .145
7 .01 . .01 .02
Sample 1,509 1,509 1,509

PHOENIX

Income 0011 4.18 . 00001 3.49 -.00001 4.20
Education L0587 .31 .0010 .69 -.004 3.26
Household size -.009 .03 ~. 0011 .42 ~.0006 .26
Black household head -=3.49 1.63 -.033 1.96 L0272 1.87
Spanish American
household head -. 785 .55 -.002 .20 .012 1.18
Age of head of
household ~.054 1.59 L0001 .37 .0005 2.05
Constant ~-8.02 -.0448 L1962
-2
R .01 .01 .0dé
Sample 1,546 1,546 1,546

SAMPLE: All enrclled houschelds, excluding those that moved between
the Baseline Interview and enrollment, those with extreme values for residuals,
and these living 1n a neighborhood with fewer than five enrolled households.
DATA SOURCES: Baseline Interview, Initial Household Report Form,
Evaluation Form, 1870 Census of Population.
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households in Phoenix are on average negative. These results may or may not
be meaningful in practice. In Prttsburgh, for example, the linear residuals
increase by 3$0.82 for every $1,000 increase in income. The corresponding
figure in Phoenix 1s $1.10. These amounts seem small. However, the coeffi-
crent for black households in Phoenix seems to indicate that variables

systematically related to this variable have been cmitted.l

3.4 ADJUSTMENTS FOR THE COST OF UTILITIES AND FURNISHINGS

The dependent variable used 1n estimating the hedonic eguations is defined as
the monthly payment for an unfurnished unit including basic utilitres (heat,
gas, electricity, water and garbage collection). Since both the rental pay-
ment period and whether or not rent includes furnishings and ntilities vary
among dwelling units, contract rent had to be adjusted to conform to this

definition.

Three sorts of adjustments were involved., First, if the payment period was
other than monthly, rent paird was adjusted to provide a common (ﬁonthly)
rental period. Second, if contract rent did not include payments for basac
utilities, adjustments were made via site-gpecific tables for the utilities
and services pa:d for by the household. The utilities invelved included
heat, gas, electricity, water and garbage collection. The adjustment tables,
which are shown in Table 3-15, were derived from interviews with local ser-
vice and utility companies and public cfficials and were based on the number
of rooms in the dwelling un:l.t.2 Third, 1f the un:t was furnished, the ad-
justed rent was reduced by 11.5 pexrcent to deduct for the cost of furnishings.
At least one adjustment for some utility or for furnishings occurred for 85

percent of Pattsburgh households and 91 percent of Phoenix households.

An alternative method for taking account of utilities and furnishings would
have been to use contract rent as the dependent variable, include the pres-—
ence or absence of utilities and furnishings in the hedonic regression, and

3
use the estimated coefficients to adjust for utility and furnishings costs.

1

Thas finding 1s confirmed by the analysis of discramination in
Chapter 5. In Phoenax, black househclds appear to pay less than white
households for comparison units.

2The number of rooms is defined here as mmuber of rooms useable as
living space {excluding bathrooms, half-rooms, unfinished hasements, or
attics). The total number of rooms variable, used in the final equations,
includes all rooms.

3
The results of an estimation using this specification are discussed
in Appendix IIT.

84



Table 3-15
UPILITY ADJUSTMENT TABLES™

NUMBER OF ROOMS IN

DWELLING UNT 1.2 3 4 5 o+
PITTSBURGH
Electricaty 5 & 7 9~ 11
Gas 2 2 3 3 4
Heating fuel 10 i2 18 18 20
Garbage collection 3 3 3 3 3
Water 3 4 (5} 7 8
PHOENIX
Electrlcltyc 11 16 20 24 29
cas® 5 6 7 11 15
Heating fueld ¢ 0 0] 0 o
Garkbage collection 3 3 3 3 3
Water 4 4 5 4] Q

a. Utility costs are the dollar increments to contract rent per
reported utilaity, by size of dwelling unit. The tables were derived from
nterviews with local service and utility companies and publiec officials.

L. The number of rooms 1s defined as number of rooms useable as
livang space (excluding bathrooms, half-rooms, unfinished basements or
attaices).

c. All refrageration and air-conditioning costs are reflected ain
the table entries for electricity and gas.

d. 1In Phoenix, heating fuel costs are assumed to be included in
gas and electricity.
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The use of adjusted rent instead of contract rent as a dependent variable

was based on three considerations, First, the extreme collinearity of the
incidence of utility and furnashings adjustments with each other and with
unit size makes accurate estimation of a full table of adjustments for all
utilaity and unit size combinations wvery difficult. Second, since payments
were based on adjusted rent, 1t seemed desirable to maintain the connection
between the hedonic index and 1ts associated rent variable and the rent used
for payments, 1f possible. Third, the error introduced by using external ad-
justments does not in any case seem to pose 1mportant problems for eirther the

estimated hedonic index or the analysis of expenditures,

The rest of this section explores the extent and implications of any error
in the utility and furnishings adjustments. The results suggest that there
was some error. On the other hand, 1ts incidence 1s low enough and similar
encugh between Experimental and Control households, and 1ts exact form am—
pPrecise enough, to preclude changes in adjusted rent for the analysis of
expenditures. Furthermore, its umpact on the estimated hedonic vaiue of

units 1s smail enough to ignore in estimaticn of hedonic indices.

An estimate of the error in the adjustments for utilities and furnishings
can be obtained using the hedonic model as folliows. First, the cost of an

unfurnished unit including the cost of basic utilities can be specifaied as

(5) RG = Rc + Zy
where

RG = rent aincluding utilities, but excluding
furnishings

R = contract rent
% = utilities (furnishangs) not included

(1ncluded) 1n rent interacted with unit
s1ze

v = true utilities (furnishings) costs.

The analytic rent variable actually used in the regressions {R) is defined

as

(6) R =R _+2y, = RG+ 2y, =Y

where YA are the utilaity table and furnishings adjustments. Thus analytic
rent 1s true gross rent plus the error, 1f any, involved in the utility table

adjustments,
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The hedonic model asserts that true gross rent 1is a fraction of unit charac-

teraistics, so that
{7 RG = ¥R + ¢

where X is the matrix of unit characteristics. Any error in utilaty or

furnishings adjustments can be estimated by the eguation
(8) R=RG+Z('YA-Y)=XS +Z(YA-Y]+e.

Since Ya > 0 for untilities, a posrtive coefficient indicates an over—
adjustment (YA - ¥). Since YA < 0 for furrmishings, a positive coefficient

indicates an under-adjustment (YA >y or |YA’<|Y!).

A preclse estimate of adjustment error is difficult to cbtain for two reasons.
First, the incidences of the various individual adjustments are highly collin-
ear. Second, the incidence of these adjustments 1s strongly related to unit
size, as 1llustrated in Figures 3-6 and 3-7. The greater the number of rooms,
the less likely 1t is that utilitles will be included in contract rent (the
more likely it is that adjustments from the utility tables were used). For
example, fewer than 10 percent of six-room units an exther Pitishburgh or
Phoenix have payments for electraicity included in contract rent, whereas
almost 65 percent of one— and two~room units do. This relatronship i1s con—
firmed by assessing the degree of collinearity among the utility adjustment
variables and the other independent variables. The varlance 1nflation factor
of the durmmy wariable for the occurrence of an adjustment was 6.99 in
Pittsburgh and 5.67 in Phoenix, indicating that approximately 86 and 82
percent of the respective variances are explained by other varlables.l For
both sites, the high variance inflation factors were primarily due to corze-
lation of the wvariable for occurrence of an adjustment with the total number

of rooms.

The high degree of collinearity among the utiiity adjustment variables prevented
separate estimations for each utility. As an alternative, many specificaticns
of variables for combanations of utilities and special subsamples were tested.
These specifications are summarized in Appendix III, which presents a discus-
sion of the analysis of adjustment errors. Most of the specifications gener-
ally produced similar patterns of error estimates based on unit saze, although

the estimated amount of error differed. Ultimately, two estimates were chosen.

i
See Section 2.1 for a discussion of collinearity and the definzitzion
of the varaiance inflation factor.
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PERCENTAGE WITH UTILITIES OR FURN{ISHINGS INCLUDED IN RENT

Figure 3-6
TENDENCY OF UTILITIES AND FURNISHINGS TO BE INCLUDED IN CONTRACT
RENT, BY DWELLING UNIT SIZE

PITTSBURGH

100%7 \
o -XGarbage
Collection
S0%-+ !
80%-
T0%-
60%
Water
50%-
40%
30%
209
., *Heat
. 10%- e Gas
Electnoity
Furmishimgs

Y 1
4 5
NUMBER OF ROOMS

m-—
[+

1,2

SAMPLE  All enrolled househalds, excluding those that moved betwean the Basaline Interview and enroliment,
those with extreme values for residuals, those Hving in neighborhoods with fewer than five enrolled households,
those living 1n own hame or substdized housing, and those reparting work for the landlord in liey of rent

DATA SOURCES" Initial Household Report Form, Housing Evaluation Form,
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PERCENTAGE WITH UTILITIES OR FURNISHINGS INCLUBED IN RENT

Figure 3-7
TENDENCY OF UTILITIES AND FURNISHINGS TC BE INCLUDED IN CONTRACT
RENT, BY DWELLING UNIT SIZE

PHOENIX

100%-

" \  Gorbage
Collection

80%-

70%-

650%~

50%+

40%-
Water

30%-

20%-
Gas

10%- Heat
Fumishings
Electricity

NUMBER OF ROOMS

SAMPLE All enrolled households, excluding those that moved between the Baseline Interview and enrollment,
those with extreme values for restduals, thosa hiving in a neighborhood with fewer than five enrolled households,
those living in own home or subsidized housing, and those reporting work for the landiord 111 [1eu of rent

DATA SQURCES  tnrtial Household Report Ferm, Housing Evaluation Form
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The first specification provides a general error estimate for the entire
population at each site, using a 0-1 dummy variable to indicate the pres-
ence of any adjustment for utilities or furnishings and an interaction of
the dummy variable with the number of rooms in the unit. Thus the esti-
mating equation for this specification, using the terms from the model

developed above, 1S

~

(9) Rc + ZTA = XB + GOZO + 61 (ZO~ number of rooms}

where the dependent variable 15 analytic rent and 8 31 are estimates of

the adjustment error (YA - v} for the dummy varlablg Z0 and the interaction
of thig variable with unit size. Since over one-thard of all Phoenix units
are furnished, and since the furnishings adjustment varies depending on the
amount of rent paid, a general error was also estimated for Phoenax exclud-
ing furnished units, This separate estimate provides an estimate of the
utrlity error independent of the effect of furnishings. The second specifa-
cation provides estimates of adjustment errvors for water, for furnishings,
and for the three major utilities together {gas, heat, and electricity).

As mentioned above, 1t was not possible to obtain stable estimates of each
of these utilities separately. The sample for this speczfacation is
restricted to households that either have adjustments for all three major

utilities or no adjustments for any of them.l The estimating equation 1s

(10} R+ 2y, = XB + 8,2, + §3z3 + 8, (z,-number of rooms)

+ 35 (24-number of rooms)
where 32, 33, 54, 35 are estimates of the adjustment errors for the dummy
variables Z_ {gas, heat, and electricaity}, Z., {(furnishings), and for the inter-

2 3
action terms of number of rooms with gas, heat, and electricity (Zz) and with

water, 7, .
ae,4

The results indicate that adjustment errors did occur and that they were
related to wmt size. The coefficients of the estimated errors and their
standard errors are laisted in Table 3-16; many of the coefficients are

significant at the 0.0l level. The total estimated errors and thear

1

After testing a variety of variables on a number of subpopulations,
1t was determined that this restricted sample provided the most reliable
error estimate.
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Table 3-16
COEFFICIENTS OF ESTIMATED ADJUSTMENT ERRORS

COEFFICIENT STANDARD ERRCR
PITTSBURGH
Full Sampie
Any adjustment (0,1) ~4.62 3.80
Any adjustment x number of rcoms 2.63%* 0.88
Restricted Sample -
Adjustment for gas, heat, and
electrzewty (0,1)% 5.36 5.18
Adjustment for gas, heat, and
electricaty X number of rooms ¢ Q.42 1.26
Adjustment for water x number of
rooms @ Q.82%* 0.25
Adjustment for furnishings -4 .83 3.46
PHOENIX
Full Sample
Any adjustment (C.1) -33.57** 4.50
Any adjustment x number of rooms 8.56** 1.10
Full sample Excluding Purnished Units
Any adjustment (0,1} -25.37** 5.16
Any adjustment x number of rooms T.16** 1.25
Restricted Sample
addjustment: for gas. heat, and
elactricity (0,1)2 -12.02* 5.34
Adjustment for gas, heat, and
electricaty x mmber of rooms® 3.21% 1.48
Adjustment for water x number
of rooms?® 0.27 0.36
Adjustment for furnishings (0,1) -8.69%% 1.52

SAMPLE: All enrolled househelds, excluding those that moved between
the Baseline Interview and enrollment, those with extreme values for residuals,
those living in a neighborhood with fewer than five enrolled households, thosa
living in own home or subsidized housing, and those reporting work for landlord
1n lieu of rent.

DATA SOURCES: Baseline Interview, Initial Housshold Report Forxrm,
Housing Evaluation Form, 1970 Census of Populataon,

NOTE: Refer to Appendix III for a discussion of the sampls selegtions
and variable specifications.

4. The signs of the coefficients are reversed here, from the equations
in Appendix IXI, to andicate the error for units with adjustments (the equa-
ticns 1in Appendix IIT indicated the value for units with ne adjustments).
Since the restracted sample contains only households with adjustments for gas,
heat, and electricity and those with no adjustment, the populations referenced

in the (0,1} dummy variables are opposite and the signs of the coefficients
can be reversed.

** 3ignaficant at the 0.0l level.
* Significant at the 0.05 level.
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relative size with respect to mean amalytic rent for each unit sizZe are

presented in Table 3-17.

In pittsburgh, both the general error estimate (full sample) and the total
error based on specafic utility and furnishing variables {restricted sample)
increase with unit size. TPor the general error estimate, the dollar value
and the size of the error as a proportion of mean rent both increase with
unit size. For the total error based on specifrc utilaity and furnishings
variables, the dollar value increases slightly with unit size and the errcr
as a proportion of mean rent remains relatively constant (the increase with
unit size for the gerneral error term undoubtedly reflects an increase in

the mean number of utilities adjusted for as unit size increases).

In Phoenix, the error estimates are very small for moderate sized unats, and
increase for both very small and very large vnits. Thus, the error estimates
for four-room units, which contain the greatest number of households in the
sample, are very small. Dollar estimates of error were $0.67 (full sample),
$0.82 (restraicted sample), and $3.27 (full sample exluding furnished units).
The largest value for the ratio of estimated error to mean rent was only 0.02
{full sample excluding unfurnished unats). The error estimates for three— and
five-room units, which contain the next largest number of households, were
alsc relatively small. The largest error estimates occurred for very small

{two-room} units or large {six-room) units.

The large negative error for two-room units inh Phoenix 1s partially explained
by the furnishings adjustment. Most of the two-room units in Phoenix are
furnished and the estimated furnishings error as relatively large and nega-
tive, indicating that there was an overadjustment for furnishings. When

the general error 1s estimated on the sample of Phoenix unfurnished units
only (see Table 3-17), the estimate 1s reduéed. It still appears, however,
that the utility table adjustments i1n Phoenix underadjusted utility costs

in very small units and overadijusted for very large units.

While these figures indicate that adjustment errors were made, they should
not be taken too literally, nor do they provide a strong basis for a more

correct adjusted contract rent for use in analysis. This proceeds from
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Table 3-17
ESTIMATED EREOR IN ADJUSTHMENTS, BY DWELLING UWIT SIZE

DWELLING UNIT SIZE {(roums}- 2 3 4 5 6

PITTSEURGH
Adjustment error estimated irom general adjustment variable,
full sample
b
Total estumated BIEOE (8] .ciniiiiinr vrvarraranmennnns 0.66 3.30 5.94 8 58 11.z2
Erzror as percentage of mean rent..... -uu ceinse vaiann .91 3 60 5 70 7.00 &.60

Adjustment error estimated from indavidual utility variables,
regtricted sample

Estioated error in gas, heat, and electricity ($}...... 65.20 6.62 7.04 7.46 7.88
Estxmatedcerror in gas, heat, electricity, and
WatAY (8] .i.iiucrnis saan meevasaas teers an semmmwaaas 7.24 908 10.32 11.56 12.BQ
Total error as percentage of Mean Yelk...cuvvivrrrrrans 11.20  14.10  10.1D 9 40 9.80
BHOEMIX

Adjustment error estimated from general adjustment wvaraiable,

full sample
Total estimated error (S]b......,... ...... errsaaeaeee. =16.45 -7.88 0.587 9 23 17.7%
Total error as percentage of mean rent... ....0e vas . 21,90 7.40 0.48 6.20 10 706

Adjustment error estimated from general adjustment variable,
full sample excluding furnished units

Total estimated error ($).cc.eiirreaccssinnnnnsascuearr =11.05 =3.89 3.27 10.43 17.59
Total errcr as percentage of mean rent.oacou. Lo oonnna 15.10 3.60 2.30 7.00 10,30
Adjustment error estimated from indzvidwal utility variables,
xestricted sample
Estimated error 1n gas, heat, and electricity ($)...... -5.60 ~2.39 0.82 4,03 7.24

Estimated grror in gas, heat, electricity, and
water ($)F . il it it 4 seeinn mmese 4 erreaes.  =5.06  =1.58 1.90 5.38 5.62

Total error as percentage of mean rent. ... .. cveannnss 6.80 1.50 140 21.80 3.40

SAMPLE. All enrolled households, excluding those that moved hetween the Baseline Interview and
enrcllment, those with extreme walues for resaduals, those living in a neighborhood with fewer than five
enrclled households, those living i1n own home or subsidized housing, and those reporting work for landleord
in lieu of rent.

DATA SOURCES: Baseline Interview, Inatial Household -Report Form, Mousing Evaluation Form, 1970
Census of Population.

4. Very small (one-rcom) and very large (seven or more rooms) units are excluded due to small sample
slzes.

b. & wpositive value indicates an overadjustment; a negative value indicates an underadjustment

¢. The exror in furnishings adjustment 15 ex¢luded from the sum of errors. Fuyrpishings adsustments
ocour most frequently for small uwnits and rarely for large units. The estimated coefficrent for furnisning
error may not be wery accurate; thus, the estimate was not added to crror estimates for any wunit sizes.
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three facts. First, because of the high correlations among the incidence
of utilities and furnishings adjustments, separate estimates could not be
obtained an either site for gas, heat, and electricity. Thus, there are
no estimates appropriate for households that regquire adjustments on some
but not all of these utilities. Second, estimates of the error in the
furnishings adjustment i1n Phoenix are probably not very accurate. Due

toe the associlation among unit size and incidence of utility and furnishangs
adjustment, the estimates fluctumated a great deal when the sample or vari-
able specifications were changed. Thard, the utility estimates presented
here are based on the presence of adjustments ainteracted linearly with the
number of rooms. In fact, the extremely high and low incadence of adjust-
ments for large and small units and the relatively small number of such
units suggest that extrapolation to these mnit sizZes may be inaccurate.

In fact, estimates of adjustment error interacted with unit size dummies
are relatively unstable. An P-test indacates that this specification does
not have sagnificantly higher explanatery power than the linear interaction
for the estimates of gas-heat-electricity adjustment errors using the

restricted sample.

Figures 3-8 and 3-9 provide a visual representation of the proportion of
unzts of a gaven size in the restricted sample, the proportion of each unit
size group needing adjustment for gas, heat, and electricaity, and the esti-
mated adjustment error. The graphs under the histograms plot the amounts

of the utility table adjustments for gas, heat, and electricity and also

the "estimated" adjustments--the table amounts less the estimated errors.

In Pittsburgh, as discussed above, the overadjustment is not large and is
roughly canstant across unit sizes. In Phoenix, the impact of adjustment
error 1s greatly attenuated because the unit sizes occurring most frequently

in the sample are those waith small estimated errors.

The errors in the utality adjustments are not expected to have any serious
impact on the analysis. Assuming that the general pattern of the estimated
errors 1s reasonably appropriate, three peints should be ncted. First, the
coefficient for the interaction of adjustment error with number of rooms

is relatively small compared to the coefficient for total rooms.l Second,

1f there are errors 1in the adjustments, they occur equally for Experimental

lSee Appendix III tables.
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PERCENTAGE OF TOTAL SAMPLE

DOLLAR ADJUSTMENT FOR GAS, HEAT AND ELECTRICITY

Figure 3-8
DISTRIBUTION OF UNITS AND ESTIMATED ADJUSTMENT ERROR BY UNIT SIZE

PITTSBURGH -
50%- Distribution of Units by Adjustments for Gas, Heat and Electricity
40%-
units with adjustments
30% for gas, heat and electricity
I:I units with no adjustments
20% 4
10%
—:: T o T —F T T
1 2 3 4 ) B T+
NUMBER OF RODOMS
$50 Estimated Error in Gas, Heat and Electricity Adjustments, by Unit Size
$40-
original
adjustment
SSOJ .
oriqinal
adjustment
minus estimated
error
$20-
A— . ——
e
$104
I 13 1 13 ) 1] L]
1 2 3 4 B g 7+

NUMBER OF ROOMS

SAMPLE, All enrolled households wha have no additional payments for the three major utilittes — gas, heat, electricity
- or who pay extra for all three utilities, excluding those that moved between the Baseline Interview and enroll-
ment, those with extreme values for residuals, those Iiving in a nesghborhood with fewer than five enrolled house-
holds, those living in own home or subsidized housing, and those reporting work for the landlord in lieu of rent

DATA SQURCES: Imitral Household Report Form, Housing Evaluation Form
NOTE Dotted line indicates that there were less than 20 one-room dwelling umts 11 the sample
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Figure 3-9

DISTRIBUTION OF UNITS AND ESTIMATED ADJUSTMENT ERROR BY UNIT SIZE

PHOERNIX
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SAMPLE All enrclied households who have no additional payments for the three major utilities — gas, heat, electricrty
— or who pay extra for all three vtilities, excluding those that moved between the Baseline Interview and enroll-
ment, those with extreme values for residuals, those lwing in a neighborhood with fewer than five enrolled house-
holds, those living in own home or substdized housing, and those reporting wark for the landlord in lieu of rent

DATA SOURCES

{nitial Household Report Form, Housing Evaluation Form.,

NQOTE Dotted hine indicates that there were lgss than 20 one-room dwelling units in the sample.
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and Control households. Table 3-18 indicates that the percent of Experi-
mental and Control households that have adjustments made to rent 1s basic-
ally the same within each site. Finally, as discussed below, the addition

of adjustment variables does not materially affect the estimated hedonic

1ndex.
Table 3-18
INCIDENCE OF ADJUSTMENTS, BY TREATMENT TYPRE
PERCENTAGE OF HOUSEHOLDS WITH ADJUSTMENT
PITTSBURGH PHOENIX
TYPE OF
ADJUSTMENT MADE Experaimental Control Experamental Control
Furnishangs 5 5 32 34
Gas, heat, and electricity 66 64 64 o2
Gas, heat, or electricity 17 19 15 17
No adjustment for gas, heat,
or electricity 17 17 21 22
N 1,140 474 1,058 485

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enrollmeni, those with extreme values for residuals,
those living in a neighborhood with fewer than five enrolled households, those

Iiving in own home or subsidized housing, and those reporting work for landlord
inh lieu of rent.

DATA SOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Form

The effect of the errors in adjustment in the estimated hedonic index may
be assessed by comparing the hedenic eguation (R = X8 + €) against estimates
stratified first by whether or not households had any adjustments and second
by whether or not adjustments occurred for all or none of the three major
utilities. The resulis are presented in Tables 3-1% and 3-20. The ¥F—tests,

which are significant at the 0.01 level, indicate that the coefficients for
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Table 3-19

TESTS FOR SAMPLE DIFFERENCES BETWEEN UNITS ADJUSTED
AND NOT ADJUSTED FOR UTILITY OR FURNISHINGS COSTS

NUMBER OF 2 — RESIDUAL STANDARD
EQUATICN OBSERVATIONS R R SUM OF SQUARES ERROR
PITTSBURGH
Any adjustment 1,364 .b6 .65 467854.03 18.74145
{k=32)
No adjustment 209 .69 .64 70777.40 19.99681
{k=32)
Full sample 1,573 .67 .66 561171.82 18.08300
(k=32)
Tests
F-test 1.920
Weighted standard error of subsamples 18, 88675
Comparison of standard errors -0103
PHOENIX
Any adjustment 1,385 .79 .78 581618.43 20.564961
{k=25)
No adjustment 135 .87 .84 57560.52 22.87526
(k=25)
Full sample 1,524 .79 .79 663291..89 21.03544
(k=25)
Tests
F-test 2.224
Weilghted standard error of subsamples 20.81685
Comparison of standard errors .0103

SAMPIE:
the Baseline Interview and enrollment,

All enrolled households, excluding those that moved between
those with extreme values for residuals,

those living in a neighborhood with fewer than five enrclled households, those
living in own home or subsidized housing, and those reporting work for landlord

in lieu of rent.
DATA SOURCES:

Housaing Evaluation Form, 1970 Census of Population.
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Table 3-20

TESTS FOR SAMPLE DIFFERENCES BETWEEN UNITS ADJUSTED
AND NOT ADJUSTED FOR UTILITY COSTS

NUMBER CF 5 RESIDUAL STANDARD
EQUATION OBSERVATIONS R R SUM OF SQUARES ERROR
PITTSBURGH
Adjustments made for 1,042 .66 .65 325750.04 17.96787
gas, heat, and electricity {k=33)
No adjustments made for 253 .68 .64 89720.57 20.19457
gas, heat, and electracity {k=33)
Full sample 1,295 .64 .64 445262.23 18,78357
(k=33)
Tests
F-test 2.67
Weighted standard error of subsamples 18.37881
Comparison of standard errors .0215 -
PHOENIX
Adjustments made for 970 .78 77 405919.,70 20.72546
gas, heat, and electricity {k=25}
No adjustments made for 323 .83 .81 143321..27 21.93043
gas, heat, and electricity {k=25)
Full sample 1,293 79 .78 577505.49 21.34118
{k=25}
Tests
F-test 2.56
Weighted standard error of subsamples 21,01218
Comparison of standard errors - .0154

SAMPLE: Aall enrolled households who have no additional payments
for gas, heat, and electricity or who pay extra for all three, excluding
those that moved between the Baseline Interview and enrollment, those with
extreme values for residuals, those livaing 1n a neighborhood with fewer
than five enrolled households, those living in own home or subsidized
housing, and those reporting work for landlerd in lieu of rent.

DATA SOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Form, 1970 Census of Population.
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1
the two populations are different. However, tests for comparison of
standard errors indicate that there 1s little difference in predictive

power; the maximum difference in standard errors was only 2 percent.2

It 1s evident, then, that although errors may have occurred in the adjust-
ments, they do not materially affect the estamating ability of the hedonic
equation. When errors occur they are most prevalent for small proportions
of the population at each site. Furthermore, any errors which exist occur
equally for Experimental and Control households. Therefore, the use of
analytic rent as the dependent variable does not materially bias the

results of the hedonic equations.

1

lThe critical value of the F statistic being used 1is F.92 (27,1C00)
1.738. Most tables do not present the critical F value for samples this
large. The value of F cited above wags calculated by interpolating for the
degrees of freedom in both the numerator and denominator. The values chosen
{27,1000) are generally representative of gsome of the sample sizes in equa-
tions below. »

2
The exact procedure used to compare the difference in standard
errors of the subsample equations is discusgsed in Chaptexr 4.

162



REFERENCES

Abt Assocaiates Inc,, Working Paper on Early Findings, Cambridge, Mass.,
Janrary 1975,

Alonso, William, Location and Land Use, Cambridge, Mass., Harvard Universaty
Press, 1965,

Ansconbe, F.J., "Rejection of Qutliers,"” Technometrics, vol. 2, no. Z,
May 1960, pp. 123-147.

Anscombe, F.JF. and John W. Tukey, "The Examination and Analysis of Residuals "
Technometrics, vol. 5, no. 2, May 1963, pp. 141-160.

Draper, N, and H. Smth, Applied Regression Analysis, New York, Wiley and Co.,
1966,

Johnston, J., Econometric Methods, New York, McGraw-Hill, 1872.

Kain, John and John Quigley, "Measuring the Value of Housing Qualxity "
Journal of the American Statistical Association, vol. 65, June
1970a, pp. 532-48.

"Evaluating the Quality of the Residential
Envircnment,"” Enviromment and Planning, vol. 2, 1970b, pp. 23-32.

King, Thomas, Property Taxes, Amenities, and Residential Land Values,
Cambridge, Mass., Ballinger Publaishing Co., 1973,

Muth, Richard, Cities and Housing, Chicago, University of Chicagoe Press,
1969,

103




CHAPTER 4

HOUSING MARKETS, HOUSING SUBMARKETS,
AND THE USE OF HEDONIC INDICES

This chapter discusses the use of hedonic indices to compare housing ser-
vices across different citzes, across time, and across submarkets waithin
a city. The specific i1ssues raised for Demand Experiment analysis are,
first, comparison of the separate Pattsbhurgh and Phoenix indaces with a
combined site index; second, compariscn of the baseline period equation
wlth an equation estimated after two years; and thaird, assessment of sub-
markets based on central city and suburban differences and on racial

segmentation.

The analysis of housing services in the Demand Experament will rely pri-
marily on a market-wide hedonic index applicable to all particapants ain

each city. Thus, major attention has been given to the estimation of
separate hedonic regressions in Pittsburgh and Phoenix. These regressions
are based on baselinhe observations and are used to evaluate housing change
over the two years of the experiment. Compariscn of households in Pittsburgh
and Phoenix using the separate site indices may be made in terms of the per—‘

centage change 1in housing services., In some cases, however, a common index

for both sites 1s more desirable.

This chapter assesses the reasonableness of this approach, namely: primary
reliance on separate market-wide housing indices for Pittsburgh and Phoenix;
the use of baseline period weights to form the index; and the development
of a common site index. Whether assessing the index over cities or over
time, the central issue 1s: Do structures of attribute prices differ widely?
If market cost structures differ across cities or across taime, the hedonic
indices associated with each market or time pericd cannct be directly com-
pared. Ag discussed in Chapter 1 and Appendix I, hedenic indices cannot
reasonably claim to identify a universal index, in terms either of basic
consumer preferences or long=-run naticnal supply costs., Rather, hedonic
1indices are market specific; they use the market valuation of units to

provide a common ground for indexing housing services within that market,
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If relative hedonic weights diaffer between markets, no clear decision can

be made as to which weights should be used.1

It should be noted that the real concern is with relative weights. If the
weights in one market are simply proportional to the weights in another,
then there is no comparison problem--indeed, hedoniec indices are often
used to correct for this sort of simple jinflation. Thus, for example, if
housing costs are generally hagher in Phoenix, the weaights for the regres-
sion of rent on attributes will all be inflated proportionally. Using
Prttshurgh weights {(or combined site weights) corrects for this by adopt-
ing a common scale for both sites. Thus a common site index may be used
1f the hedonic weights differ only by a factor (for the lainear form} or

2
by a shift term (for the semiliog form).

These issues also arise within the two sites. Recent research indaicates
that there may be substantial variation in the cost gradienis for housing
attraibutes within any given urban area {Strazhelm,-1973; Quigley, 1973;
Schnare and Struyk, 1974; King, 1973; Xain and Quagley, 1975). If market
segmentation exists, indices based on the different submarkets could give

different estimateg of the change i1n quality.

Likewise, 1f the hedonic weights change over time, there is no comparison
problem as long as the change in housing costs 1s proportional: the use

of baseline weights simply controls for anflation. If the relative weights

lIn fact, as discussed in Appendix I, the weights of one market may
be used to index another. Thas will tend to overvalue housing in the second
market relative to the fairst.

2Note that the market involved is the housing market, rather than,
for example, the market for ln{housing). Thus, for the logarithmic form,
proportional changes show up as a shift in the constant. Thus af

R(Plttsburghj:=exp(30 + XB)
and
R(Pittshurgh) = oR{Phoenix)
then
R (Phoenix) =exp (lng + BO + XB}

For further discussion, see Appendix I.
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are very unstable, however, then baseline weights provide only an approxi-
mate index (see Appendix I).. Indeed, substant:ial instability would raise
questions about the usefulness of the hedonic weights., If the weights
change radically within as short a period as two years, it would suggest
elther that the estimates are unreliable or at least that the weights
applicable to any household will depend on the exact time that it moved

to 1ts current dwelling unit,

Tests for Market Differences

Two types of tests are used to assess differences in the regreészon coeffi-
cients for different markets or submarkets: F-tests are used to assess the
statistical significance of differences, and direct comparison of standard
errors 1is used to assess the operational importance of differences. Loosely
speaking, these tests ask whether the subsample regressicns perform signi-—

ficantly and substantially better than the full-sample regressions.

First, an F-test 1s used to test the hypothesis that the overall structure
of attribute costs is the same in the two markets or submarkets. If the
test 1s significant, 1t indicates evidence of differences between markets.
Another F-test 1s made to determine whether the difference in rents in the
two markets 1s only a proporticonal shift, since application of hedonac

rndices 15 not affected in that case.

1t ev1d§nce of significant market differences is found, 1t 1s still impor-
tant to assess the size of the difference. This 1s done by comparaing the
standard errorgs of the regressions to assess the relative accuracy of
prediction using a common equation (as opposed to separate equations) for

the various markets or submarkets. Thus, 1f the F—tests indicate that a
srgnificant dirfference exists, comparison of the standard erxors halps assess
how important such a dafference will be. This 15 particulariy useful when
the samples are as large as those in the present study. For large samples,
even travial differences may be statistically significant. If the differ-
ence 1in standard errors i1s rather small, however, the "error" in prediction

made by using the full sample may also be acceptably small.

When approprirate, these tests are also applied at the level of individual

coefficrent estimates. Again, some judgment should be made about which
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differences are important. The application of each of these tests 1s

discussed 1n more detall below.

Statistical tests. In general, the proposition being tested is that the

welghts in the two markets are the same, or at least that they differ

only by a factor (for the linear form) or by a shift term (for the semi-
log form). This amounts to a test of restrictions on the coefficients for
the two markets. Such restrictions may be tested statistically by using
the standard F-test on the change in the sum of the sguared residuals
(SSR) incurred by the restraiction--that 15,1

F _ SSR{R) - SSR(Y) , n-x
(t,n-1) SSR{D) +

(1)

where

SSR(R)

the sum of the squared errors estimated
under the restriction

SSR{U} the sum of the squared errors estimated

without the restriction

|

r = the number of parameters in the unrestricted
equation

t = the number of restrictions

n = the number of observations.

Thus, for the semilog eguation, the restricted specification under the

hypothesis that both markets have the same coefficient is
{2) InR = X8 + ¢,

where X 1s the vector of 1ndependent variables; Equation (2) is estimated
for the combined sample from both markets. The unrestricted specification

18
(3) InR = XB + AX6 + €,

where & = 1 for one submarket and zere ctherwizse. Note that AX only appears
for households in one submarket, so that § repreésents the difference between

the coefficients 1n the two submarkets. This specification 1s equivalent to

lEquat:l.on (1) follows from Cochran's theorem and may be derived
from, for example, Johnston (1972), pp. 155GfEf.
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stratifying the estimation by submarket. The F-test for the existence of -
a submarket tests the hypothesis that the vector 8 i1s zero, and is computed

as

- |SsrR(2) _ n-2k
(4) Pk, n-2k) - I:SSR(B) 1 [k ’

where S8R indicates the sum of squared regiduals for the subscripted equa-

tion, "n" i1s the number of observations, and "k" is the number of para-
meters ("k" equals the rank of the X matrix, that 1s, the number of inde-

i
pendent variables plus the constant term) .

Since the use of hedonic inhdices i1s not affected when submarket differences
are due to a proporticnal shift in the cost of housing, the semilog of
Bquation (3) may be compared with one that allows only & simple shift term

for submarkets:
(5) inR = XB + Ay + €,

where A 1s a dummy variable that indicates one of the two submarkets. Thus,

for semilog equations the test statistic,

_ | 8SR(5} _ n=-2k
(6) F{k-l,n—Zk) 7] gSR(3) l}[k—l ’

tests whether stratified estimation by market 1s superior to using a simple

shrft term.

For the linear equation, the overall test for submarket 1s equivalent to
that given 1n Equation (4). Proporticnal shifts are more difficult, be-
cause the restricted regression 1s nonlinear in i1ts parameters--that as,
the specification is:
X
1
7 R =
(7} ax | BT e
2
where subscripts refer to observations in the twoe markets, and "a" 1s the
factor of proportionality. In fact, however, Egquation {7) is not estimated:

a more relevant test, therefore, is whether the true coefficients differ

l'I'he value of SSR(3) 1s often calculated by adding the SSR from
the equations estamated separately for the two markets, rather than by
directly estimating Equation (3). The two are computationally equivalent.
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from the pocled estimates by more than one factor. This wmay reasonably
be tested by the F-test defined by Equation (1). Thus using for the

restricted regression:

(8) R=a (-0 R+oa) ) R+e
where
R = obsexved rent
R = predicted rent using the § from the pocled
equation
A = a dummy variable taking the value one for

one of the submarkets, zero otherwise.
and using for the unrestricted linear regressaon,

(9) R=2XE + AX6 + g,

. 1
a reasonable test statistic for the linear equation might be: =

_ 1 SSR(8) _ n-2k
(10) Fk~1,n-2k) ~ !:ssrc(m l][k—l]'

In the case of differences over time, the test i1s made against the baseline
coefficrents, so that the R in Equation (8} 1s taken from these estimates

3
alone, rather than from pooled estimates for both time periods.

1Note that the F-test of Equation (10) may not apply exactly, since
it 1s not immediately clear that the estimated standard error from Equataion
{9) will be distributed independently of the coefficient estimates in
Equation (8).

2The degrees of freedom in Equation (10} reflect the fact that "k"
degrees of freedom were used up 1n estimating R for Equation (8), and alsc
that although two parameters are estimated in Equation (8), one reflects
an arbitrary normalization of R.

3The reason for using the baseline weights alone 1s because the
additional sample which could be used for estimation at the later tame
period is small. The hedonic index 1s used to test for changes in the
rent/quality relationship induced by the experiment. Thus, cbservations
on the experimental households cannot be used to estimate the basic
hedonic coefficients except at baseline (before households were informed
of the experiment). The sample of observations at the end of two years
15 therefore restricted to Control households.
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Assessing the Importance of Differences

For very large samples, even traivial differences in coefficients will be
statistically significant. Thus it is important to assess not only whether
the observations deviate from the restrictions in a statastically signifi-
cant way, but also whether those differences are operationally worth consid-
ering. Thais of course depends on the values of the independent variables.
If, for example, the difference coefficients (8) in Equation (3) are not
zero, then, for large enough values of X, the term X§ (the difference be-
tween the two markets) will be large. The problem 1n assessing operational
importance is therefore to arrive at some reasonable range ¢f values for the
dependent variable. One convenient summary measure is the difference in the

standard error of the regression estimated with and without the restraictaon

—--that 1is,
_ SE(R) — SE(U)
(11) g = SE (R)
where
SE(R) = the standard error of the restricted
regression
SE{(U) = the standard error of the unrestricted

redression.

This measure, proposed for hedonic indices by Ohta and Griliches (see Ohta
and Griliches, 1972; Schnare and Struyk, 1974) in effect weights the differ-~
ences 1n coefficients according to the incidence of varicus values of the
independent variable in the sample. This is not intended as an exact test.
It does, however, offer a convenient summary statistic on the overall

impact of coefficient dlfferences.l

lThere 15 Oof course a close connection hetween the change in stand-
ard errors and the F-test of Equation (l). As normally used, the change 1n
standard error in @ is expressed in terms of the reduction an the standard
error when the restriction is relaxed-—that is,

SE{R) - SE(U}

(a) g = SE®R) ;

where R and U refer to restricted and unrestricted estimates, respectively,
and the standard exror for a regression is defined by
1/2
SSE

() SE = "
n-r

{footnote continued on next page)
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Ancther way to assess the magnitude of differences i1s to examine the

individual differences in coefficrents. Thus, in a form such as Eguation
(2), the differences i1n coefficients between the two markets are directly
estimated by estimates of §. These may be tested individually, and their
operational importance can be assessed in terms of the size of the coeffi-

cient and the wvariation in the relevant independent variable.

Summary of Findings

Section 4.1 discusses the combined site hedonic index and compares 1t with
the independently derived equations for Pittsburgh and Phoenix. Tests for
market segmentataon due to central city/suburban differences and to racial
and ethnic differences are addressed in Section 4.2. Finally, Section 4.3
examines the hedonic regressions for the two-year time peraiod. The follow-
1ng conclusions emerge:

Market Differences. The explanatory power of the common

variable set 1s good and the index appears reasonable.

The structure of atiribute prices does differ across
Pittsburgh and Phoenax, and the coefficients for a few

{footnote continued from previous page)

where SSE is the sum of squared errors, "n" is the numbher of observations,
and "r" 1is the number of free parameters in the regression.

The P-test usually uses the SSE from the unrestricted regression in the
denominator, though this i1s somewhat arbatrary. In any case, recognizing
that in terms of Equation (1) the number of free parameters is "k" for the
unrestricted and "k-t" for the restracted, a little algebra will show that

i = _t _t
(c) T—:ETQ =l 4+F — 1+ Pl B

Thus the standard error measure 1s a monotonic transform of the F-statistic
for the regression. Indeed, when F 1s zero, then

(@) F(F=0) = 1 -*\/n’_‘;]:t.

This difference in the standard error 13z solely due to the difference in
degrees of freedom. Thus the F-test may be regarded as a test of whether
or not @, corrected for degrees of freedom, 1s zero.

In fact, @ was often used before the F-distribution was tabulated. A
corrected-for-bias version may be found in Kelly (1935).
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4.1

of the important attributes are quite differént. Keeping
this 1n mind, the common variable index can be viewed as

an approximate, but convenient, way to make direct compari-
sons of housing change when a pooled sample 15 appropriate
in direct ¢ross-site comparisons.

Central City and Suburban Submarkets. No evidence of market
segmentation exists for the central city and suburban sub-—
markets in either Pittsburgh or FPhoenix. This may be because
the sample consists only of lower-income househelds, whose
neighborhoods may be reasonably homogeneous. In any event,
attribute prices in these submarkets are not significantly
different, so a single housing index 1s applicable.

Minoraty and White Submarkets. Differences between rac:ial or
ethnic groups were assessed in two ways: differences between
neighborhoods (Census tracts) that are primarily white or
primarily minority, and differences between households where
the head 1s white or minority. In both cases, there is only
small evidence of submarket differences. Thus, in Phoenix,
some segmentation of Spanish Ameraican and white neighborhoods
{and households} is indacated, but the differences in predic—
tive power between the submarket and full-sample equations are
small, ranging from only 0.5 percent to 3 percent.

In Pittsburgh, the F-statistics indicate no difference between
equations for ghetto and for whaite neighborhoods, but signifi-
cant differences between eguations for black and for white
households. However, since these submarket eguations differ
in predictaive power from the full-sample equation by less than
1 percent, 1t 1s hard to see any practical effect.

Based on these submarket tests, the use of a market-wide equa-
tion 1n each site seems appropriate.

Comparisen Over Time. Comparison of the hedonic regressions
for the baseline and two-year periods (only Control households
were used 1n estimation of these equations) indicates, as
expected, relatively little instability in coefficient prices.
Thus, the baseline weights are as efficient as the estimated
two-year weights in predicting rent at two vears.

THE COMBINED SITE HEDONIC EQUATIONS

Hedonic indices may be expected to provide only an approximate method for

comparing housing services across cities in whach attribute costs differ

significantly. The analysis in this section concludes that the Pattsburgh

and Phoenix cost gtructures do in fact differ and that these differences

are not saimply due to proportional shifts. Thus, housing outcomes will
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generally be described using separately estimated hedonic equations for
Pittsburgh and Phoenix. In thas context, the percentage change 1in housing

services can be used to compare the change in housing outcomes across cities.

However, when a dirvect comparison of the level of housing services across
cities 1s desirable, a common index is needed. Thus, combined site equa-
tions, both linear and semilcg, have been specified. The equations use
only those variables that can be defined and are significant in both cities.
The specifacation follows the approach presented in Chapter 2 regarding co-

efficient test level, collinearity, and so forth.

Two types of questions are raised in comparisons beftween the pooied estima-
tion and the independently specified regressions. First, what happens te
the explanatory power for each city when the common variable list 1s used
instead of the separately deraved lists? And, how well dees the common
variable last describe dwellaing unit and neighborhood characteristics?
Second, to what extent do the coefficients for dwelling umit and neighbor-

hood variables in Pittsburgh and Phoenix differ?

The overall conclusion 1s that while separately derived indices c¢an provide
somewhat better predictions, the results of the common index are reascnable.
Explanatory power suffers some in Pittsburgh, but hardly at all in Phoenix
{see Table 4-1}. Many of the variables that describe the dwelling unit are
the same as or similar tc those 1n the separate eguations. Neirghborhood
quality, however, 1s not very adecuately described in the combined equation,
pramarily because principal components analysis was not feasable using the
pooled sample. A more sericus problem is that the Pittsburgh and Phoenix
coefficients for a few of the important attributes, such as space, are
significantly different. Thus, the coefficients of the commen eguation
must be regarded simply as averages of different underlying cost structures;
they cannot support the more consistent "implicit price" interpretation

1
accorded to the coefficients of the separate city equations.

1Even 1f submarkets exist within a city, the differences are not
likely to be as major as between cities of different climates, regions,
and pericds of development. A within-city submarket must be "maintarned"
by some sort of barrier, such as discrimination oxr extremely lumpy attribute
combinations. Certainly, distance helps to maintain the different relative
cost structures ain Pittsburgh and Phoenix. Also, very few of the attrabutes
{footnote continued on next page)
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Table 4-1

COMPARISON OF EXPLANATCORY POWER:
SEPARATE SITE AND COMMON SITE EQUATIONS
(Adjusted R2)

COMMON SITE SEPARATE SITE
VARIABLE LIST VARTIABLE LIST
Pooled
EQUATION Sample Pattsburgh Phoenix Pittsburgh “Phoenix
Linear .71 .57 LT .66 79
Semilog Sy .61 .78 .66 .80

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enrcollment, those with extreme values for residuals,
and those living in a nexghborhood with fewer than five enrcolled households.
DATA SOURCES: Baseline Interview, Initial Houschold Report Form,
Housing Evaluation Form, 1970 Census of Population.

Market Comparison, Pittsburgh and Phoenix. As discussed above, differences

between the two sites were tested in terms of overall significance, signi-
ficance of nonproportional differences, and operational importance in terms
of the percentage change in the standard error. The results are shown in
Table 4-2, which presents summary statistics for the following equations:
the semilecg and linear pooled site eguations; the separate Pittsburgh and
Phoenix estimations, using the common variable list; a pooled equation,
with a dummy variable for Phoenix; and a pooled egquation that allows for

1
full interaction between the site (Phoenix in this case) and the attxibutes.

{(footnote continued from previcus page)

are portable (like dishwashers or air-conditioners) or are likely to be com-
pletely independent of other attributes. Thus, there 1s little reason to
expect the estmmated coefficients to be the same 1n Pittsburgh and Phoenix.

lThe actual equations may be found in this subsection or in Appendix
IT. 'The equations listed 1in thas subsection are the pooled sample semilog
equation, the pooled sample linear equation, and the linear equation with
full interaction terms between attributes and site. The other eguatiocns are
presented in Appendix II.
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As described previously, an F-test 1s first performed to test for overall
differences between the markets. If a significant difference is shown,
another F-test assesses whether the difference is attributable to a pro-
porticonal shift or to relative praice differences. As seen in Table 4-2,
both F-tests are significant. The third test presented in Table 4-2, the
comparisen of standard errors, indicates that a 2 to 3 percent loss of
predictive power occurs when using pooled rather than stratified market

samples.

The magnitude of the Pattsburgh/Phoenix price difference can be assessed
in two ways using the available data. First, a simple specification is
to include a shift term for site in the equation estimated using the
pooled sample. This approach suggests that housing costs about $10
(linear equation) or 7.3 percent (semilog eguation) more in Phoenix than
1 Plttsburgh.l However, since relative attribute prices differ, it is

more appropriate to derive the praice indices from the stratified estimations.

This derivation enables estimation of the price of the average Prttsburgh
housing bundle 1f purchased in Phoenix and, correspondingly, the price of
the average FPhoenix bundle 1f purchased in Pittsburgh. {(Refer to Table 4-3
for these computations.} For example, the average Pittsburgh unit costs
$110.19 ({this 1s the sample mean rent), but would cost $121.17 1f rented

in Phoenix.

When the estimates are related to the actual prices of the particular hous-

ing bundles, two indices can be formed:2

(12) EX11612 .
EXJ.]. 1l
or
(13) Ex12 12
X 8
12711

1‘I‘he equations are listed in Appendix IT.

2
Economists will reccognize these as the usual Laspeyres and Paasche
wmdices. In general, these indices tend to over and underestimate a true

index, respectively. However, the true index need not be the same in each
case.
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Table 4-2

COMMON VARIABLE LIST:
PITTSBURGH AND PHOENIX

NUMBER OF — RESIDUAL STANDARD
EQUATTION OBSERVATIONS R SUM OF SQUARES ERROR

SEMILOG EQUATION

Fittsburgh common 1617 .81 55.89628 .18732
variable list (k=24)} )

Phoenix common la07 .78 49,924 17759
variable list (k=24

Full sample 3245 .72 112.621 L18699
{(pooled sites) {k=24)

Full sample with 3245 .72 1131.288 .18581
shift term {(k=25)

Full sample with 3245 .73 107.317 18322
complete 1nteractron (k=48)

Submarket Tests:

F-test for submarket 5.53805 (24,3197)
F-test for proporticnal shift 5.56 (23,3157
Comparzsen of standard errors ©.0235

LINEAR EQUATION

Pittsburgh common i618 .57 722609.105 21.258
variable list {kx=19)

Phoenix common 1607 .77 793266.48 22.35035
variable list {k=19)

Full sample 3229 .71 1821485.00 22.475
{pooled sites) {k=19}

Full sample with 3229 .71 1593089.05 22.281
shirft term {(k=20)

Full sampie with 3229 .72 1525272.71 21.863
complete interaction (k=38}

Full sample with 3229 .71 1601979.0 22.28
proportional shift {k=38)

Submarket Tests:

F=test for submarket 10.5%8 (19,3121}
F-test for propeortional shift 4.432 (18,3191)
Comparisen of standard errors 0.0296

SAMPLE: All enrolled households, excluding those that moved betweean the
Baseline Interview and enroliment, those with extrems values for residuals, and
those living in a neichberhood with fewer than five enrolled households. The
sampie ased for estimation of the separate Pittsburgh and Phoenix equations is
slightly smaller than that used for the poaoled sample equations, This does not
affect the results since the tests are performed usang the pooled sample.

DATA SOURCES: Baseline Interview, Initial Household Report Form, Hous-
ing Evaluation Form, 1370 Census of Population.
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Table 4-3

COMPARISON OF PRICES FOR MEAN
HOUSING BUNDLES: PITTSBURGH AND PHOENIX

COMMON STITE EQUATION: LINEAR

PITTSBURGH PHOENIX
HOUSING BUNDLE COEFFICIENTS COEFFICIENTS PRICE INDEX
Pirttsburgh average a I:le.léJ.Z
g d $110.19 (5121.17) —+—*£ = 1.10
heusaing bundle &
X ,B
11711
Phoenix average a ZXiZélz
g {$124.05) $132.32 —5 = 1,07
housing bundle o
EX B,
12711
COMMON SITE EQUATION: SEMILOG
PITTSBURGH PHOENIX
HOUSING BUNDLE COEFFICIENTS COEFFICIENTS PRICE INDEX
a X é.
Pittsburgh average 4,6579 {4.7354} 11712 - 1.08
housing bundle $105.41 $113.91 P )
IX. B
- il7al
Phoenix average (4.7682) |® 4.8180 EX12312 - 1.05
housing bundle $117.71 $123.72 ~ )
Ix B
12 1l

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enrollment, those with extreme values for resid-
uals, and those living in a neighborhood with fewer than five enrolled
households.

DATA SOURCES: Baselane Interview, Initial Household Report Form,
Houging Evaluation Form, 1970 Census of Population,

a. Estimated using the mean attribute levels of one saite and the
coefficients and intercept in the other site. The indices for the semilog
equation are formed from the exponential rents.

118



where X

17 the mean housing attributes values in site

2

i1

I

the coefficients estimated for site "j."

Based on the linear equaticn, average housing in Phoenix costs about 7 to
10 percent more than in Pittsburgh; for the semilog equations, the range

is 5 to 8 percent. -

These estimated differences are of course based on a sample of low-1ncome
households and may not be relevant to other segments of the markst. Most
mmportant, the percentage differences in price wall vary as the housing
bundles change. For example, the price of space s much higher in Phoenix
than in Plttsburgh;1 thus, for larger units, the cost differences will

increase.

Variables Used in the Common Site Equation. As already mentioned, the

variables used for pocled site regressions were somewhat different from
those used 1n the indavidual site estimates presented in Chapter 3.

Table 4-4 shows the means and standard deviations of the variables retained
in the common eguatiocn; this table may be contrasted with the variable lists
for the separate Pittsburgh and Phoenix equations, described in Chapter 3

{Table 3-1). Tables 4-5 and 4-6 present the pooled sample eguations.

The variables that describe tenure characteristics in the common site egqua-
tion are generally similar to those in the separate equations. An exception
is the "length of residence" variable, which is an exponential function in
the separate eguations, with different parameters in Pittsburgh and Phoenix.
A simpler form of the residence variable--the natural log of the number of
months of residence--provides very good fit and was used in the combined

equaticn.

Many of the variables that represent dwelling unit quality and size in the
combined equation are similar to those in the individual equations. Other
variables use combined attributes in corder to reflect some unigue site
differences, Thus, the “parking faczlitieg" variable represents a garage

or carport in Phoenix, and a garage or offstreet parking in Pattsburgh.

1
Refer to the discussion in the following subsection and to Table
4~7 for assessment of coefficient differences.
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Table

MEANS AND STANDARD DEVIATIONS-

4=t

COMMON SITE VARIRBLES

PITTSBURGH PHOENTIX SITES PODLED
STANDAFRD a STANDARD a STANDARD
VARJABLE DESCRIPTION MEAHSa DEVIATION MEANS DEVIATION MEANS DEVIATION
2.472 1.112 2.743 1.022 3.109 1.128
Related +o larndlord (0,1} Q71 .257 057 232 064 245
Teanure
Charac- Number of landlord contacts for mzaintenance 1.329 1.390 1.263 1.380 1.295 1.385
teristics Nurbex ©f persont per roem 698 338 , 840 .468 .769 412
Area per room [natural log} 4.850 .184 4,687 . 202 4.768 .209
Total number of rooms {includes katchen &
bath) (natural log) 1.656 .308 1.589 .2538 1.622 . 287
' Building age (years) 50 024 14,004 24.462 15.122 37.285 19,386
mishwashey and/or daisposal provided (0,1) .053 224 .159 « 366 106 .307
bdequate laght and ventilation (0,1) .415 493 .321 488 .403 481
average suwrface and structural quality
(¢ point scale) 2,168 369 2.285 .633 2.226 .522
parking facilities provided {(0,1) 148 «355 .312 463 .230 421
Bwelling Large multaifamily structure (0,1) .148 3568 .146 .354 -147 -355
Unz:t .
Features Recent 1ntericr paintlng of papering (0,1} . 100 L300 204 403 .152 L3059
Many high gqualaty featrures (0,1) 040 L1985 .125 .331 082 .274
Presence of pravate yard (0,1) .364 .481 .518 -500 .441 497
*Temperarture control-  ecentral heat or
air-conditioning (0,1} .a76 .a494 344 475 461 LA20
*Inferior or no heat {0,1) .218 413 L3158 465 265 . T+
*Presence of adequate ceilang height (0,1} L9310 .286 . 905 .283 L 907 290
*adecquate plumbang Dresent and workang {(0,1) L8390 376 .838 369 B35 371
*Stove and refrigerator provaded (G,1) 113 L3216 641 480 374 484
Median incame of ¢elsus tract {(dollars) B502 BO7 1623.467 8072.137 2148.115 B8288B.452 1915.310
guality of block fare landscapang
Heaghborhood {4 point scale) 1.370 .934 1,699 .823 1.533 .89%6
Features Quality of adult recreation facilaitires 1.417 L2986 1.597 274 1.506 . 288
Distance from Cent¥al Business District
{miles} 5.472 3.722 5 376 4.299 5 428 4 020
Analytic rent 110.18¢ 232,637 132,324 46.411  121.204 41,596
Rent. Natural legarithm of analytic rept 4.658 .302 4 918 ,381 4 738 .353

SAMPLE -

DATE SOURCES

Fopulation.

a. Mean values refer to the sample sizes for the semrlog equation
Phoenix, for the separate site equations, and 3,245 for the pooled semilog equation

All enrolled households, excluding those that moved between the Baseline Interview and enrollment,
thoge with extreme values for residuals, and those laving in a nerghborhood with fewer than five enrolled-households.

Baseline Interview, Initial Household Report Formt, Housing Evaluation Form, 1970 Census of

W= 1,617 for Fatersburgh and ® = 1,607 for
Sample sizes for +he lirear

equation: N = 1,618 for Pittsburgh and N = 1,607 for Phoenax for the separate egquataons, and 3,229 for the pooled
lingar equatlon.

* Variables with asterisk are in the semaleg equation only.
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Tahle 4-5

POOLED SAMPLE LINEAR EQUATION: COMMON SITE WARIABLES

&% = o 710 7 < o.708 F =435.947 N =3,229
VARIABLE DESCRIPTION COEFFICIENTS t-STATISTIC
Length of residence [natural log) -6.360 16.384
Tenure Related to landlerd (0,1} -13.29% 8.106
Charag-
taeristics Numbex of landlord contacts for maintenance 1,445 4,932
Number of persons per room 7.566 7.15%
Area per room (natural log) 28,097 13,529
Total pumber of rooms {includes kitchen &
bath) (natural log) 52.293 41 Q049
Burlding age (years) -0 471 15.382
Dishwasher and/or disposal provided (0,1} 11.230 7.453
hdequate light and vepntilatzon {(Q,1) 4.758 5.395
bwelling Average surface and structural qualaty
Unit {4 point scale) 12,946 11.659
Features
Parking facilities provided (0,1) g.521 8.325
Large muleifamily structure (0,1} 5.012 7.152
Recent interior painting and paperang (0,1} 6_596 5.75%4
Many high quality features (0,l) B.937 5.339
Prasence of private yard (0,1) 3.035 3.421
Median income of census tract {dollars) 0.002 8.924
Naighborhood gual:ty of block face landscaping
Features {4 point scale} 3,622 7.582
Quality of adult recreation fagilities 18.900 12.844
CONSTANT =-174.057

SAMPIE  All enrelled households, excluding those that moved between Basaline Interview and enrcollment
those with extreme values for resacdvals, and those laving in a neighborheed with fewer than five enrolled
households

DATA SOURCES. Baseline Interview, Imitial Household Report Form, Housing Evaluation Form, L%70¢ Census
of Populataion.
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Table 4-6
POOLED SAMPLE SEMILOG EQUATTION COMMON SITE VARTARLES

8% = 0 721 &2 = 0 N9 F = 261 592 N = 3,245
VARIABLE DESCRIPTION COEFPICIENT E-STATISTIC
Length of residence (natural log) - 053 16.275
Tenure Related to landlord (0,1} - 109 7.988
Charac-
teristacs Numher of lardlord contacts for maintenance 014 5 915
tupber ¢f pexsons per Doom 076 8,572
hrea per roctl (natural log} 247 13.818
Total number of zocms (includes kitchen &
bath) {natural leg) .613 46.672
Building age [years) -.004 13.632
Dishwasher and/or disposal provided {O,l'.l- 042 3.302
Adeguate light and venrilatien (9,1) 022 2,995
Average surface and structural qual:ity
{4 poant scale) .089 B,733
parking facilities provided {0,1) .058 & 790
Dwelling
Uzt Large multifamaly structure {0,1} .053 5.094
Faatures
Recent 1nterior painting or paperang (0,1} .042 4.449
Many hagh quality features {0,1) .38 2.682
Presence of private yard (0,1) N/ N/A
Temperature control: central heat or aixrw
conditioning (0,1) c23 2.756
Inferior or ne heat (¢,1) , -.068 5.864
Presence of adequate cerling heaght {0,1) 047 4.000
Adeguate plhumbing present and working {(0,1) .08 1.803
Stove and refrrgerator provided (9,1) .60 5.705
Median income of census tract (dollars) 0 7.410
fuality of block face landscaping (4 point
Hez2ghborhoed scale) +026 6 629
Features Quality of 2dult recreatzon facilities -134 10.8662
Drstance from Central Business Districht - 003 3 229
(males)
CONSTANT 2.11e

SRMPLE. Al) enrolled households, excluding those that moved between the Baseline Interview and
enrollment, those with extreme values for residuals, and those living 2n a neighborhoed with fewer than
Five enrolled households,

DATA SOURCES+ Bascline Interview, Initial Household Report Form, Housang Evaluation Porm, 1970
Census of Populaticn.

122



Similarly, the “adequate temperature control' variable comblnes central
heat and various air-conditioning variables i1in a slightly different manner

in each saite,

Interior surface and structural guality 1s represented in the combined
equation by the average ¢f all the surface structure ratings, the same
variable now used in the separate Phoenix equation. In the separate
Pittshurgh equation, however, interior guality rs represented by derived
factor scores. Since the principal components solutions differed widely
between the two sites, no attempt was made to perform principal components

analysis on the surface and structure ratings in the pooled sample.

The major problem in definition of wvariables is the very lamited specifica-
tion of neighborhood quality in the common site eguation. In the individual
Pittsburgh and Phoenix eguations, neighborhcoods are described primarily by
two sets of deraived factor scores; one group represents Census tract
descriptors, the other represents aggregations of participant opintons of
neighborhood services. (Refer to Chapter 3 and Appendix VI for a descrip-
tion of these variables.) Agaan, since the principal components solutions
were quite different in Pittsburgh and Phoenix, a pooled sample factor
analysis was not done. Instead, individual Census tract variables and
averages of participant ratings were tested in the common egquation. Since
these sets of variables are each extremely collinear, only a very limited
number of neighborhood variables might be expected to be retained ain the
equation; in fact, only one variable from each set 1s retained. Census
tract median income 15 used as a proxy for Census tract characteristics.
The quality of adult recreational faciliaties, aggregated across groups of
tracts, represents these larger neaghborhoods. Finally, accessibility as
represented by distance from the Central Business Disgtract; this wvariable

is retained only in the semiloyg equation, however.

Test of Coefficient Differences. Differences between the two sites may

alsc be examined 1n terms of the individual coefficients. Since Pattsburgh
and Pheenix differ along mmportant dimensions, such as mobility rate and
the age and size of the housing stock, differences in the estimates of

some indivaidual coefficients might be expected. In order to test for

significant coefficient differences, the following eguation was estimated:
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(14) R = XB + AXS + £,

1
where A 1s a dummy variable that represents pPhoenix. Thus § represents
the difference between the Pittsburgh and Phoenix coefficients. These
drfferences {and the corresponding t-tests) are displayed as the inter-

action variables in Table 4-7.

A substantial number of variables have somewhat different coefficients.
In only a few cases, however, are the differences striking and not all

of these affect the housing index. For example, based on the length of
residence variable in the common (l:inear} eguation, the tenure discount
1n Pheenix exceeds the discount in Pittsburgh by about $8.75 after two
years of residence. This i1s not surprising, given the different mobalaty
patterns and vacancy rates in these cities. The average discount for
being related to the landlord is also greater in Phoenix. Since these
varigbles are not included in the housing index, and since they are
reasonably uncorrelated with the guality variables, differences in the

tenure variables are not of major concern to the housing index 1tself.

A more sericus problem, however, 1s the dafference between the cost of
dwelling unit varlables, particularly space, 1n the two cities. Based on
the linear equation in Table 4-7, a three-room apartment costs abcut $26
more in Phoenix than i1n Pattsburgh; a four-room unit costs $33 more.

Large differences also occur in the cost of square feet per room.

Interjor guality {(as measured by the average of surface and structure
ratings) also costs more in Phoenix than in Pittsburgh. The markup for
"many good features" is less in Phoenix than in Pittsburgh, however. The
premium paid for parking facilities or a large multifamily unit 1s less

in Phoenix than in Pittsburgh.2 Interestingly, the cost of a dishwasher
or disposal--a portable attribute--is the same in both cities. This would
be expected for these attributes are directly produced by the market and
(except for transportation costs) prices would be expected to bhe the same

in the two sites.

l'I‘he semilog egquation that corresponds to Egquation (14) in the text
1s listed in Appendix II.

2 .
Recall that the defination of parking facilities differs in the
two sites.
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Table 4-7

POOLED SAMPLE LINEAR INTERACTION EQUATION. COMMON SITE VARIABLES

®% < 0 727 R =0 724 F = 229.566 N = 3,229
VARIARBLE DESCRIPTION CQOEFFICIENT t-STATISTIC
Length of regidence (patural log) ~4.738 4 393
Tenure Related to landlord (0,1} -11.580 5.31%
Characteristics Mumber of landlord contacts for maintenance 1.1320 2.777
Number of persons per racm 6.9710 4.042
Area per room [natural leg} 19.315 5.003
Total number of rooms {includes kitchen & bath)
(patural log) 53.399 27.081
Buildang age [(years) -0 248 4.920
Dishwasher and/or disposal provided {0,1) 11.05% 4.354
Dwalling Adeguate light and ventilation (0,1} 3.824 3.186
Unit Average surface and structural qual:ity
Features {4 point scale) 11.639 5.142
Parking facilities provided {0,1) 8.631 5.287
Large multifamiiy structure {0,1) 10.207 5.964
Recent 1nterior painting or papering (0,1) 7.935 4.274
Many hagh quality features {0,1) 14.462 4.825%
Presence ©of private yard (0,1) 1.847 1.461
Median income of census tract (dollars) 0 Qg2 6,157
g:;igﬁz;hOOd Ruality of block face landscaprng (4 point scale) 4,450 6.754
guality of adult recreation Eacilities 17.053 8.676
Interaction, length of residence (patural log) =
Tnteraction, Phoenix -2.760 3.584
Perure Interaction, related to landlord x Phoenmax (0,1} -4,123 1.279
Characteristics Interaction, number of landlord contacts for
maintenance ¥ Fhoenix 0,402 0.701
Interaction, number of persons per room X Phoenix -0.084 0.032
Interaction, area per room (natural log) x Phoenix 18.946 4,367
Interaction, total number of rooms (includes
kitchen and bath) (natural log) x Phoenmix 24.130 7.924
Interaction, building age {years} x Phoenix ~0.060 0,789
Interaction, dishwasher and/or disposal provided
% Phoenix {Q,1) -0.021 0
Interaction, adequate light and ventilation x
Phonerx (0,1) 3.9812 2.295
Interaction, Interaction, average surface and structural quality
Bwelling Unit (4 point scale) v Phoenix 4.258 1.767
Features Interaction, parking facilities provided % Phoenax({0,l)~2.5735 1.236
Interaction, large multifamily strueture x Phosnax
(g,1}) -3.353 1.348
Interacticn, recent interior painting and papering
X Phoenax (0,1) -4.503 1.927
Interaction, many high quality features x Phoen:ix
{G,1) -7.522 2 091
Interactien, presence of private yard X Phoenix
(0.1} Q2.170 0.095
Interaction, median inceme of census tract
(dollars) x Phoenix 4] Q 514
lnteractian, Interaction, qualaty of bhlock face landscapang
Hezghborhood
Features {4 pownt scale) x Phoemix -1.488 1.546
Interaction, qualaty <f adult recreation
facilities x Phoenix -5.266 1.718
CONSTANT ~131.448
SAMPLE  All enrolled households, sxcluding those that moved between the Baseline Interview and

enrollment, those with extreme values for residuals, and those livang in 2 neighborhood with fewer than

five enrvlled households

DATA SOURCES

1970 Census of Population.
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Finally, neighborhood gquality is apparently more expensive in Pittsburgh

than in Phoenix. Although the coefficients for Cemnsus tract median income
are not different in the twe cities, good block face landscaping and adult
recreation facilities--proxy variables for neighborhood quality--both cost

more in Pittsburgh.

The impact of these market differences on the use of the common site index
is difficuit to assess. Clearly, the coefficients in a pooled estimation
are weighted averages of scmewhat different costs in the two markets.
Nevertheless, except for space and tenure, the differences are not neces-
sarily extreme, and tenure does not affect the housing index. On the cther
hangd, the pooling of experimental households or the direct comparison of
housing services in Phoenix and Pittsburgh are both useful for certain
analytical purposes. The common site index provides an approximate way

to compare housing change in a combined sample.

4.2 TESTS FCR MARKET SEGMENTATION WITHIN PITTSBURGH AND PHOENIX

The second major xndexing problem dealt with in this chapter i1s the question
of submarket price differences within either Phoenix or Pittsburgh. Empiri-
cal research has suggested that the cost gradients for housing attributes
may vary substantially within urban areas (Strazheim, 1973; Quigley, 1973;
Schnare and Struyk, 1974; King, 1973; Kain and Quigley, 1975). ‘These
studies, and others, have used many different stratification schemes to
test for such variations, including stratification by tenure type, by size
of dwelling unit, by political boundaries, by Census tracts, hy central city
and suburban areas, and by neighborhood characteristics such as racial

composition.

The findings of such research studies on cost varazations in housaing attri-
butes are relevant both to the analysis of household response to housing
allowances and to the deravation and interpretation of the hedoniec quality
measures used in the Demand Experiment. If submarket differences in housing
attribute costs are large and systematic, i1t would be 1nappropriate to inter—
pret a single equation estaimated for the entire market ag reflecting implicat

costs across different submarkets.
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1f households do not have equal access to all submarkets--as 1s the case
with the submarkets formed by racial discrimination--they may face very
different opportunities to use a housing allowance. Thus, for example,

if minority submarkets contain relatively few units that meet the Minimum
Standards requairement, and if these are relatively expensive compared with
smmilar umits in the nonminority submarket, then minorities would be ex-
pected to be able to meet these standards and to take advantage of the
housing allowance offer less often than nonminorities. Samilarly, minori-
ties would generally not be able to cbtain the same housing quality as non-

+

1 .
minorities in meetlng Minimum Rent regquirements. -

The discussion in Appendix I shows that hedonic andices of housing quality
will not be perfectly comparahle across submarkets in which relative prices
differ. Nevertheless, it 1s important to the analysis to have a single
housing i1ndex that applies to all participants an a given city. For one
thing, since some of the relevant analysis samples are somewhat small, it
may not be feasible to use separate indices For different subgroups. Alsc,
there is no consistent way to measure housing change for a household that
moves from one submarket area to another area with separate indices. 2
market-wide index can at least adjust for the average overall differences

in the rent/cuality relationship across submarkets.

Generally speaking, the stratification of any sample of households depends,
at least to some extent, on the purpose of the research and, of course, on
the sample size. There is no a priori method of determining the best way
to define submarkets. Both the type and degres of segmentation inherent
in any given housing market are likely to vary considerably from time to
time; morecver, unless the sample 1s extremely large, a stratification
scheme based on small geographic areas or on several attributes of the
housing stock 1s infeasible. A complex stratification scheme 1s warranted

only when research focuses on the variations of individual atkribute costs

i 1Wh;l.le hedonac regressions can be used to estimate price differ-

ences for equivalent units, availability must be investigated separately.
This might be deone by comparing the types of housing attributes purchased
in the two submarkets, while controlling for other factors.
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and when the sample 1s large. Because the Demand Experiment focuses on
consistent prediction of overall housing quality rather than on variation
in 1ndividual attribute costs, another approach to testing for segmentation
1s more appropriate. The issue then becomes the extent ¢f submarket varia-

ti1on relataive to overall variation in estimated attribute costs.

In many respects, because of the nature of the Pittsburgh and Phoenix
samples, cbservation is already limited to portions of the housing market
that are relatively homogeneous. Stratification by type of tenure 1s not
applicable because the sample comprises only renter households; similarly,
all sample households have low or very moderate incomes., However, ltests
for the effects of two other potential sources of structural differences

in attribute costs are applaicable: (1) race of household or raciral sub-
markets, and (2) central city and suburban housing markets. Tests are
made for central city and suburban segmentation since the housing stock
often drffers widely across these areas, and suburban housing may be rela-
tively upavailable to low-aincome households. Major emphasis, however, is
given to exploring the effects of racral segmentation. One reason is that
racial segmentation appears to be likely, and many previous studies have
found evidence of racizl praice premiums. Second, such findings would
directly reflect on the equity of a housing allowance, that is, the ability
of minoraty houscholds to effectively translate subsidy dollars into improved

housing.

The analysis of racial or ethnic submarkets focuses on two issues that are
analytically separable--the exaistence of price dascrimination, and the
existence and strength of structural differences in the attribute prices
of the submarkets. In using hedonic indices to address the second issue,
1t must be determined whether costs differ by more than a proportional
shift and whether the differences appear large enough to have any practi-
cal effect. If they do not, then a market-wide hedonic index 1s appro-
priate. Thus, price discrimination could exist without destroying the
ability te index acress racial submarkets. A proportional shift in the
quality attribute coefficients could be accommodated by omission of the
shift term in calculating the index, thus reducing the different submarkets
to & common base. The tests for market segmentation are shown below. The

analysis of price discrimination per se is made in Chapter 5.
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Tests for Market Segmentation

Separate linear and semilog equat:ions have been estimated for the central
city and suburban areas, for the white and minority submarkets, and for
the major racial or ethnic groups in each city. The white submarket com-
prices Census tracts with more than 80 percent white residents. The
minor:ity submarket i1s defined as tracts with more than 50 percent minority
resxdents—--that 1s, black households i1n Pittsburgh and Spanish American
households in Phoenix. Equations for white and black households were
estimated in Pittsburgh and for white and Spanish American households in

Phoenix. All of these eguations are presented in Appendix IIX.

The summary statistics necessary to assess submarket dafferences are gaven
in Tables 4-8 through 4-13, Each of these tables describes the separate
submarket equations, the full-sample equaticn relevant to these submarkets,
and finally, the full-sample eguation with full interaction between attri-
butes and submarket. The last equaticon 1s, of course, equivalent to the
stratified eguations; information concerning the stratified equations is
presented i1n order to show how predictive power varies by submarket.
Finally, each table includes the appropriate tests for overall differences
by submarket, for proportionate shifts between submarkets, and for compari-

son of the standard errors.

Tables 4-8 and 4-9 present this information for the central city and sub-
urban snbmarkets.l Attribute cost structures might differ between these
areas for a number of reasons. Generally, central city housing stock tends
to be older and more dense than suburban housing stock. For example, a
strong desire for attributes that are only available in the suburbs,
combined with the limited mobility of households that have central work-—
places but little access to transportation, could tend to segment these

two markets. Also, some attribute combinations might not be available in

a continuous mix., For example, because of suburban zoning laws and income
distribution, good suburban schools may be associated only with large house

lots.

lThe egquations in these tables are based on the regular hedonic
variable list described in Chapter 3, Tables 3-2 through 3-5.
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Table 4-8

TEST FOR MARKET SEGMENTATION
BY CENTRAL CITY AND SUBURBS: PITTSBURGH

NUMBER OF 2 — RESIDUAL STANDARD
EQUATTION OBSERVATIONS R R SUM OF SQUARES ERRCR

SEMILOG EQUATION

Central city 813 .65 .63 22.25801 .16914
(k=35}

Suburbs 770 .89 .67 22.33512 .17432
{k=35}

Full gsample 1583 .66 .65 45,78433 .17198
{k=35}

Full sample waith 1583 .66 .65 45_78339 .17203

shift term (k=36}

Full sample with 1583 .67 .66 44,59313 .17168

complete interaction (k=70}

Submarket Tests:

F-test for submarket 1.1542 (35,1513}
F-test for proportional shift 1.1882 (34,1513)
Comparison of standard errors 0.0017

LINEAR EQUATION

Central city 820 .64 .62 265819.91 18.37834
{(k=33)

Suburbs 779 .68 .67 297010.37 19.95338
(k=33)

Full sample 1599 .66 .65 577674.88 19.20640
(k=33}

Full sample with 1599 .66 .65 577640.172 19.21195

shift term (k=34)

Full sample with 1599 .66 .65 562830.281 12.,16098

complete interaction (k=66)

Full sample with 1599 .6b .66 577249.6 19,012

proportional change {k=2)

Submarket Tests:

P-test for submarket 1.2264 (33,1533}
F-test for proportional shift 0.623 (32,1533)
Comparison of standard errors 0.0024

SAMPLE: All enreclled households, excluding those that moved between
the Baseline Interview and enrollment, those with extreme values for residuals,
and those living in a neighhorhood with fewer than five enrolled households.
DATA SOURCES: Baseline Interview, Initial Household Report Form,
Houszng Evaluation Form, 1970 Census of Population,
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Table 4-9

TEST FOR MARKET SEGMENTATION

BY CENTRAL CITY AND SUBURBS: PHOENIX
NUMBER OF 9 2 RESIDUAL STANDARD
EQUATION OBSERVATIONS R R SUM OF SQUARES ERROR
SEMILOG EQUATION
Central city 1217 .80 .80 33.09958 .16685
(l=28)
Suburbs 377 .83 .81 9.199%64 16236
{(k=28)
Full sample 1583 .80 .80 43.05891 . 16587
{k=28)
Full sample with 1543 .80 .80 43.03664 .16588
shift term {k=29)
Full sample wath 15923 -81L .80 41.,92957 .16517
complete interaction (k=56}

Submarket Tests:

FP-test for submarket
F-test for proportional shift

1.47686 (28,1537)
1.5028 (27,1537)

Comparison of standard errors 0.0042
LINEAR EQUATION

Central city 1217 .79 .78 528785.117 21.06209
(k=25)

Suburbs 377 .81 .80 158964.950 21.25100
{k=25)

Full sample 1593 .78 .78 705454 .51 21,21102
(k=25}

Full sample with 1593 .79 .78 705313.08 21.21566

shift term {k=26)

Full sample wzith 1593 .79 .79 685692.93 21.07372

complete interaction {k=50)

Full sample waith 1593 .79 .79 707432.7 21.080

proportional change {k=2)

Submarket Tests:

F-test for submarket
F-test for proportional shift
Compariscon of standard errors

1.7775(25,1167)
1.051 (24,1167}
0.0085

SAMPLE:

All enrolled households, excluding those that moved between

the Baseline Interview and enrollment, those with extreme values for residuals,
and those living in a neighborhood with fewer than five enrolled households.

DATA SOURCES:

Baseline Interview, Initial Household Report Form,

Housing Evaluation Form, 1970 Census of Population.
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The statistics indicate, however, that at least there is little or no
segmentation in Pittsburgh and Phoenix for the lower-income porticns of
the central city and suburban market. None of the F-statistics in
Pittsburgh 1is significant at 0.0l, In Phoenix, the test is significant
only for the linear equatlon.l In addition, according to the standard
error comparison test, there 1s almost no difference in predictive power
(far less than 1 percent between the full-sample and the subsample regres-

sions 1n each caty).

The summary information for the minority submarket and white submarket
equations, and the test statistics for market segmentation, are given in
Tables 4-10 and 4-11. Recall that the minority submarket is defined as a
Census tract zn whach over 50 percent of the residents are minorities.
The white submarket in each city 1s defined as & tract with less than 20
percent minority re51dents.2 Tables 4=12 and 4-13 describe the eguations
for the white and minority households in each site. Again, black house- -
holds constitute the dominant minority in Pittsburgh, Spanish Americans

in Phosnix.

Again, the subsample eguations from which these statistics are derived are
presented in Appendix II. With cone important exception, the linear and
semilog equations in each site are adentical to those described in Chapter
3, the final hedonic equations. The eXception concerns the derived factor
scores used to describe neighborhood guality. In order to assess market
segmentation based on the racial composition cof the neighborhood, 1t was
necessary to exclude variables describing Census tract racial composition
from the principal components analysis. COtherwise, problems of multicollin-

earity or of biased coefficients due to omitted variables would occur when

1The eritical value of the F-statistic being used is F(.gg (27,1000)
= 1,738, Most tables do not present the critical F-value for samples thas
large. The value of F cited above was calculated by interpclating for the
degrees of freedom in both the numerator and denominator. The value chosen
{27,1000) 1s representative of the sample sizes in the racial submarket
equations,

2Separate equations were not estimated for the remaining Census
tracts, those having 20 to 50 percent minority residents. These maxed
neighborhocds are considered in the analysis of price digscrimination in
Chapter 5, however.
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Table 4-10

TEST FOR MARKET SEGMENTATICN
BY WHITE AND GHETTO SUBMARKETS: PITTSBURGH

NUMBER CF - RESIDUAL STANDARD
EQUATICN CBRSERVATIONS R R SUM OF SQUARES ERROR

SEMILOG EQUATTON

White submarket 1180 .67 .66 34.62440 -17382
(k=34)

Ghetto submarket 239 .70 .65 5.34945 16154
{k=34) .

Full sample 1419 .66 .66 41.22907 -17253
(k=34)

Full sample with 1419 .67 .66 41.,01467 17215

shift term {(k=35)

Full sample with

complete interaction 1419 .67 .66 © 39.97386 17201
(k=68)

Submarket Tests:

F-test for submarket 1.2477 {34,1351)
F~test for proportional shift 1.0644 (33,1351)
Compariscon of standard errors 0.0003

LINEAR EQUATION

White submarket 1192 .67 .66 44%203.25 19.67852
{k=32)

Ghetto submarket 241 .67 .62 57674.98 16.61195
(k=32) _

Full sample 1433 .66 .65 521628.77 19.29575
{k=32)

Full sample with 1433 .66 .65 519548.30 19.26411

shift term (k=33)

Full sample with 1433 .67 .65 506878.23 19.24199

complete interaction {k=64)

Full sample with 1433 .66 .66 521118.6 19.083

proporticnal change (k=2}

Submarket tests:

F-test for submarket 1.2449 (32,1369)
f-test for proportional shift 0.618 (31,1369)
Comparison of standard errors 0.0028

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enroliment, those with extreme values for residuals,
and those laiving in a neaghborhood with fewer than five enrolled households.
DATA SOURCES: PBaseline Interview, Initial Household Report Form,
Housing Evaluationr Form, 1970 Census of Population.
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Table 4-11

TEST FOR MARKET SEGMENTATION
BY SPANISH AMERICAN AND WHITE SUBMARXETS: PHOENIX

NUMBER OF — RESIDUAL STANDARD
EQUATION CBSERVATIONS R R SUM OF SQUARES ERRCR

SEMILOG EQUATION

White submarket 12 .78 .77 22.32001 15881
(k=27} )

Spanish American 214 .73 .69 5.20061 .16677

submarket {(k=27)

Full sample 1126 .82 .82 28.76228 .16178
(k=27}

Full sample with 1i2¢ .82 .82 28,75682 .16183

shift term (k=28}

Full sample with 1126 .83 .82 27.52062 .16023

complete interaction (k=54}

Submarket Tests:

P-test for submarket 1.7906 {(27,1072)
F-test for properiional shift : 1.8513 (26,1072)
Comparison of standard exrors 0.0026

LINEAR EQUATION

White sukbmarket 912 o B i 401102.14 21.26501
{k=25)

Spanish American 214 .69 .65 49933.82 16.25423

submarket {k=25)

Full cample . 1126 .80 .80 490643 .83 21.11006
(k=25)

Full sample wath 1126 . .8¢ .80 490475.37 21.11603

shaft term (k=26)

ﬁull sample with 1126 .82 .81 451035.96 20.47385

conplete interaction {k=50)

Full sample with 1126 .80 .8C 488119.00 20,839

proportional change (k=2)

Submarket Tests: .
F-test for submarket 3.7789 (25,1076}

F~test for proportional shift 1.838 (24,1076}
Compariscn of standard errors 0.0301

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enrollment, those with extreme values for residuals,
and those living in a neighborhood with fewer than five enrolled households.
DATA SOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Form, 1970 Census of Population.
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Table 4-12

TEST FOR MARKET SEGMENTATIOM
BY WHITE AND BILACK HOUSEHOLDS: PITTSBURGH

NUMEER OF > o RESTIDUAL STANDARD
EQUATIONS OBSERVATIONS R R SUM OF SQUARES ERROR

SEMILOG EQUATION

White households 1205 .67 .66 35.80872 .17487
{k=34}

Black households 362 .67 .64 7.95971 .15578
(k=34)

Full sample 1567 .66 .65 45,53771 17235
{k=34)} -

Full sample with 1567 .66 .65 45.53755 17241

shift term {(k=35)

full sample with 1567 67 .66 43.76843 .17088

complete interaction {k=68)

Submarket Tests:

F-test for submarket 1.7812 (34,1499)
F-test for proportional shift 1.835 (33,1499)
Comparison of standard errors 0.0085

LINEAR EQUATION

wWhate households 1219 .66 .65 458821 .95 19,66060
{k=32)

Black households 364 .65 .62 91475.78 16.59908
{k=32)

Full sample 1583 .65 .65 571369.75 19.19344
(k=32}

Full sampie with 1583 .65 .85 571321.39 19.19881

shift term {x=33)

Pull sample with 1583 .67 .65 550297.72 19.03356

complete interacticn (k=64}

Full sample with 1583 .65 .65 570787.5 12.001

proportional shift (k=2}

Submarket Tests:

P-test for submarket 1.8151F (32,151%)
F-test for proportional shift 0.207 (31,1519)
Comparison of standard errors 0.0083

SAMPLE: All enrolied households, excludang those that moved between
the Baseline Interview and enrollment, those with extreme values for residuzls,
and those living in a neighborhood with fewer than five enrolled households.
DATA SCOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Form, 1970 Census of Population.
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Table 4-13

TEST FOR MARKET SEGMENTATION
BY WHITE AND SPANISH AMERICAN HOUSEHOLDS: PHOENIX

NUMBER OF 5 o RESIDUAL STANDARD
EQUATION OBSERVATIONS R~ R SUM OF SQUARES  ERROR

SEMILOG EQUATION

wWhite houscholds 1065 .80 .79 26.375872 .15941
(k=27)

Spanish American 378 .79 .78 10.410C 217222

households (k=27)

Full sample 1443 .81 .80 37.90952 . 16362
{k=27)

Full sample with 1443 .81 .80 37.84333 .16354

shift term {(k=28)

Full sample with 1443 .81 .81 36.78572 16274

complete interaction {k=54)

Submarket Tests:

F-test for submarket 1.5691 (27,1389)
F-test for proportional shaft 1.5386 (26,1389)
Comparison of standard errors 0.0054

LINEAR EQUATION

White househeolds 1065 .78 .78 462440.78  21.08683
{k=25)

Spanish American 378 .78 .76 1491981.66 20.55819

households (k=25)

Full sample 1443 .79 .79 631218.43 21.09851
(k=25)

Full sample with 1443 79 .79 62997L.12  21.08509

shift tem (k=26)

Full sample with 1443 .80 .79 611632.44 20.95413

complete 1nteraction (k=50)

Full sample with 1443 A= B 630214.1 20,913

proportional change {(k=2}

Submarket Tests:

F-test for submarket 1.7830 (25,1393}
F~test for proportional shift 0.871 (24,1393)
Comparison of standard errors 0.0068

SAMPLE: All enrolled households, excluding thoge that moved between
the Baseline Interview and enrollment, those with extreme values for residuals,
and those l:ving i1n a neighborhood with fewer than five enrolled households.
DATA SOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Form, 1970 Census of Population.
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variables that represent minority submarkets or houssholds were entered

in the equations or used to stratify them. Thus, the princaipal components
analysis based on Census variables was reestimated, excluding the variables
for percentage black and percentage Spanish American in the Census tract.
The solutions are very similar to the original group, particularly in
Phoenix, where minority status d:d not appear to constitute an independent
dimension of neighborhood. The factor coefficient matrices for these modi-
fied factor scores is given in Appendix VII. The revised factor scores
were then entered in the hedonic equations and retained or excluded accord-

wng to the test level used in the final equations--that 1s, ¢ z 1.0.

The results andicate that while some degree of market segmentation exists
it some of these submarkets, 1t 1s extremely small. In Phoenaix, the F-
statistics are significant for minority and white submarkets, and, in the
linear equataon, for minority and white households. In Pittsburgh, the
F-tests are significant for households but not for submarkets. Thas
discrepancy i1s difficult to explain. When the shift term for ghetto
submarket 1s entered in both the linear and semilog equations, it is

highly significant (refer to Appendix II and Chapter 5).

In any event, the finding of submarket differences appears to be of
extremely limited practical significance. There 1§ very little change
in ﬁg for any of these equations. Except for the linear equation in
Table 4-1)l {Spanish American and white submarkets), the standard errcrs
of the full-sample equations, as compared with the subsample equations,
fall by less than 1 percent. This would seem to be operationally

lrrelevant.

4.3 INDEXING THE CHANGE IN HOUSING

Evaluation of the change in housing services over the two-year experimental
perrod i1s deone with reference to the weights {coefficients) estimated at the
bageline period. As described in Chapter 2, the housing index, derived from

the hedonic equation estimated at baseline, 1s

1 5 = B
(1) QJ o+ Exljsl

and the change in housing is indexXed as
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(2) A5 = TAX, B

where le (&xlj) is the amount of {change in) the 1th attribute in the
dwelling unit and neighborhood, and the éi are the estimated hedonic

coefficients.

There are good reasons for using the pre-experimental sample to specirfy the
equation. First, the sample of baseline households 1s by far the largest
available for specification of the model. OCne of the uses of the housing
index 1s to investigate the extent to which experimental households spend
more or less than normal to obtain a given guality of housing. Thus, for
time periods after the experiment began only Control households could be
uged in estimation. This would reduce the sample size by a factor of about
seven in Phoenix and five in Patitsburgh. In addition, since the experimental
perzod 1s only two years, the attribute cost structure is not expected to
shift in a major way. In order to evaluate how well the baseline model
predicts rent at two years, this section examines the asgociation among
actual rent at two years, rent predicted by the baseline hedonic model and
rent predicted by an hedonic equation estimated using Contrel households at

the two~year cross section.

Lake the other indexing issues discussed in this chapter, the salient issue
1s whether relative attribute prices have shifted. The price of housing is
expected to increase over the experimental period because of inflation. If
inflation merely results in proportionate shifts in all attrabute prices,

however, using baselins weights presents no problem.2

The conclusicon reached i1s clear: the baseline hedonic model 1s quite stable
over the two-year period and provides very reasonable estimates of rent and
housing services. Since the baseline model predacts rent as efficaently as

an eqguation estimated using the two-year sample, the baseline weights are

1

Strictly speaking, the hedonic equations have been specified on
the enrollment sample. The term baseline 1s also used in this section and
is meant to indicate the pre-experimental (enrollment) sample.

2For a discussion of the usual Laspeyres-Passche indexing problem
in the context of using hedonic indices over time and some suggested alter-
native weighting schemes see Griliches (1971) and the references cited
“there. Since the end period sample is quite small (Control households
only), the benefit to be gained from either weighting schemes for coeffi-
cients or pooled cross-section and time-series estimation are probably
quite small,
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appropriate for indexing the change in housing. The efficiency of the
estimated baseline model 1s assessed by comparing two estimates for rent
at two years--one using the baseline weights and allowing onrly for a
proporticnal shift in costs due to inflation and one that estimates a
completely new set of weights at two years. The sample for thas compari-

son 1s Control households at two years.

Summary statistics for the linear and semilog equations estimated using
this sample are presented in Table 4-14, which also presents summary
statistics for a bhaseline egquation estimated for the same group of Control
households.l Since the hedonic model is specirfied on the baseline sample,
a fali 1n explanatory power at the two-year period would be expected.
While there 1s some drop in Phoenix, the explanatory power 1n Pattsburgh

is almost as high at two years as at basel:me.2

The test statistics are deraved as follows. For the semilecg model, a simple

proportional inflation is represented by

{3) inR, =X 8 + g
t0 t0 tO 0
1nR =X B + o+ e
t3 t3 t0 3
t3 t3 to 3

where subscripts refer to the time periods. Thus, proportional inflation
18 tested by comparing the sum of squared residuals from
-
(4) 1nRt - 1nRt =g + €
3 3(B)
with the squared residuals from an equation estimated using Control house-

holds at two years

1
The complete equations are listed in Appendix IX.

2Thls may be partly explained by the difference in mobility rates
by sites; in Pattsburgh, a greater proportion of the two-year sample consists
of the same dwelling units as in the baseline sample because fewer househclds
moved during the two-year period.
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Table 4-14

DESCRIPTIVE STATISTICS FOR HEDCNIC REGRESSICNS
ESTIMATED AT ENROLLMENT AND AT TWO YEARS

{Control Households Cnly)

SEMILOG EQUATICN

LINEAR EQUATION

STATISTIC ENROLLMENT TWC YEARS ENROLLMENT TWO YEARS
PITTSBURGH

Sample 31¢ 321 324 322

R? and EQ 70 = 67 .69 - .65 70 - .67 .67 - .63

Residual sum of squares 8.63511 9.85904 117569.,21 169527 .77

Standard error -17437 . 18567 20.100 24_.219%
PHOENIX

Sample 250 241 250 241

R® and R° .84 - .82 .67 ~ .63 .84 — .82 .70 - .67

Residual sum of squares 5.97506 12,7236 85834.64 192399.97

Standard error .16406 - 2444 19.48844 29.77643

SAMPLE:

All enrolled Control households, active at two years,

excluding those that moved between the Baseline Interview and enroliment,
those with extreme values for residuals, those livaing 1n a neighborhood
with fewer than five enrolled households, and those living in their own

home or subsidized housing.
DATA SQURCES: Baseline Interview, Inatial Household Report Form,
Housaing Evaluation Form, 1970 Census of Population.
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(5) lnRt

It
L]
w
+
m

where

pmt

=]

o
]

log of actual rent at t3

H

1:1R.t predicted log of rent at t3 using
3(B} baseline coefficients (B).

The test statistic for the semilog equation is

_lssra) n-k
(6) F= [SSR(S) :l [k-—l:,

where

SSR(-) = the sum of the squared residuals from
Bquation {-)

the number of cbservations at t3

the number of parameters in the
unrestricted equation.,

For the linear model, a proportional inflation in weights 1s represented

by

(7 R

H
»e
™
-+
m

R =c!}{t8 + e,

Thus, proportional inflation i1s tested by comparing the squared residuals

from

(8) R, = dR + e

{9) R =X B+ e,

The test statistic for the linear equation 1s, following the notation of

Equation (&),

_ | Ssr(8) n-k
(10) F= [333(9) 1:| [k—l]'
For the linear model this tests the hypothesis that

(11) 8 = af
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If the sums of squared residuals are not significantly different, then the

hypothesis that the baseline and two-year mcdels d:ffer by no more than

a proportionate shift is not rejected.

Table 4-15 lists the F-statistics for the linear and semilog equations in
Pittsburgh and Phoenix; none 1is sn_;m.flcant.l Thus, the baseline weights

can be used to index housing guality over the two vears.

The hedonic estimates of rent at two years can be used to provide an esti-
mate of inflation during the experimental period. The mean difference
between actual rent at two years and predicted rent using the baseline

-~
coefficrents 15 o, expressed as

P
{12} 1nk - 1nR =g + E.

(5 ts (@)

Thus, o 1s an estimate of in{l+p) where p is the rate of inflation from

enrollment to two years.

This estimate may be compared with another estimate of inflation: the
difference between actual rent at two vears and at enrollment for Control
households that did not move. &As discussed in Chapter 3, a significant
discount from rent 15 associated with length of residence. Since this
discount must be adjusted for when comparing the change in rent for non-

movers, the estimate is

% 0 o
(23) 1nR_ - 1nR = |1nR -7, f,.|-|nr -T, B
t3 (to) [ (t3) (t3) (B£| I: (to) (tO) (B}
where T represents the length of tenure at enrollment or at two years and

)
variable.

1s the estimated (baseline) coefficient for the length of tenure

As above, this difference estimates lrn{itp). The inflation estimates for

Pittshurgh and Phoenix are given in Table 4-16, For both appreoaches, the

lAnother way of assessing whether the coefficients are the same
or whether only a proportionate shift in attribute prices has occurred,
1s to estimate a combined time-series/cross—section regression. Then,
following the approach used in previous sections of this chapter, a dummy
variable for shift over time and a complete set of time interaction terms
would be included. Since the emphasis here 1s on the abilaity to predict
rent at two years using baseline weights, an alternative approach is
used.
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Table 4~15

ASSESSMENT OF THE PREDICTIVE POWER

OF THE BASELINE REGRESSION AT TWO YEARS (CONTROL HOUSEHOLDS)

SEMILOG EQUATION

NUMBER OF RESIDUAL STANDARD
EQUATION OBSERVATIONS SUM OF SQUARES ERROR
PITTSBURGH
Ink_ - loR =a + 321 10.716 .18567
3 {k=35}
InR, = X £ 321 9,8590 .18400
3 {(k=35)
PHOENTX
PN
LR - laR =q + 241 14,540 .24800
3 (k=28)
InR_ - X, € 241 12.724 24400
3 3 (k=28)}
F-test for Pittsburgh .321 .732 (34,286)
F-test for Fhoenix -490 1.128 (27,213}
LINEAR EQUATION
NUMBER OF RESTDUAL
EQUATION OBSERVATIONS SUM OF SQUARES
PITTSBURGH
R = aﬁt £ 321 182643 .40 24.228
3 3{B) {k=33)
R, =X, ét 321 169527.76 24.220
3 3 (k=33)
PHOENTX
R = aﬁt £ 241 218262.80 30.157
3 3(B) {(k=24)
R, =¥ 8 241 192399.97 29.776
“3 3 (k=24)
P-test for Pittsburgh . 307 .693 (32,288)
P-test for Phoenix .562 1.264 (23,217

SAMPLE:

housing.

DATA SOURCES:

All enrolled Control households, active at two years, exclud-
ing those that moved between the Baseline Interview and enrcollment. those with
axtreme values for residuals, those living in a neighborhood with fewer than
five enrollad households, and those living in their own home or subsidized

Housing Evaluation Form, 1370 Census of Population.
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Table 4-16

ESTIMATED RATES OF INFLATION BETWEEN
ENROLLMENT AND TWO YEARS

NONMOVER COWTROL HOUSEHQLDS

ESTIMATE PITTSBURGH PHOENTX

Mean difference, rent

at two vears and

predicted rent using

the Baseline hedonic

coefficient 13.0% 7.3%

Mean difference in

rent between two

years and enrollment

(adjusted for tenure

discount) l4.8 10.0

SAMPLE: All enrcllied Contrxol households, active &t two
years, excluding those that moved between the Baseline Interview
and enrollment, those with extreme values for residuals, those
living in a neighborhood with fewer than five enrclled house-
holds, and those living rn their own home or subsidized housing.

DATA SCURCES: Baseline Interview, Initial Household
Report Form, Housing Evaluation Feorm, 1970 Census of Populaticon.
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sample 1 Control households that did not move between enroliment and two

vears.

The closeness of the two inflation estimates with each site again suggests
the reascnableness of the predictions made using the baseline hedonic model.
The small difference between the two estimated rates within each site is
apparently due to a slight increase 1n the housing index for nonmover house-—
holds over the two years. Table 4-17 shows the mean housing index for non-
mover Control households at enrollment and two years; the index increases by

less than 2 percent in Pittsburgh and by about 3 percent in Phoenix.

The estimated inflation rates in Pattsburgh, 13 to 15 percent, are extremely
close to the estimated change in rent component of the national consumer
price index. This index rose exactly 13 percentage paints between 1973 and
1975.2 In addition, the Bureau of Labor Statistaics rental budget (from the
Intermediate Budget figures) rose by 16.8 percent in Pittsburgh between

1973 and 1975. No comparable figure exists for Phoenix. However, to the
extent that the inflaticn rate 1s likely to be somewhat lower in an expand-

ing and looser housing market, the Phoenix estimates appear reasonable.

lIn addrtion, it should be noted that actual rent at two years in
Eguations {12) and (13) has been adjusted for utilities using the uypdated
estimates of utility costs, since utility cost increases are a likely
contribution to inflation. Refer to Appendix VI for a discussion of
adjusted rent and original and updated utality adjustment takles. IF
rent is adjusted using the original utail:ity tables, the difference in
rent (adjusted for tenure)} indicates an inflation rate of 10 percent in
Pittsburgh and 7 percent in Phoenix.

2
Based on 1967=100, the CPI rent component was 124.3 in 1973 and
137.3 an 1975 {Bureau of Labor Stataistics, 1976).
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Table 4-17

HOUSING INDEX AT ENROLLMENT AND TWO YEARS
FOR CONTROL HQUSEHOLDS THAT DO NOT MOVE

MEAN HOUSING INDEX (STANDARD ERROR)

ENROLLMENT TAQO YEARS
Pittsburgh 114.59 116.56
N = 185 (24.59) (25.83}
Fhoenix 136.02 134.10
N = 122 (38.03) {37.02)

SAMPLE: Al]l enrolled Control households, active at
two vears, excluding those that moved beiween the Baseline
Interview and enrollment, those with extreme values for
residuals, those living in a neighborhood with fewer than
five enrolled households, and those living in their own
home or subsidized housing.

DATA SOURCES: Baseline Interview, Initial Household
Report Form, Housing Evaluation Form, 1970 Census of
Populaticn.
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CHAPTER 5

THE EFFECTS OF SEGREGATION
ON HOUSING PRICE

Racial segregation has a potentially pervasive effect on the housing
market. Racial barriers to locational choice may affect the guality of
minority housing, the ability of minorities to become homeowners, and
thelr access to better neighborhoods, better schools, and employment
opportunltles.l Segregation and discrimination may also affect the
relative price of minority housing--that 1s, minoraities that -pay the

same rent as nonminorities may get much less housing gualaity. -

These issues are of obvious importance 1n the evaluation of a housing
allowance. If price discrimination exists, then minorities may be less
able than nonminoritles to translate a given rental expenditure or allow-
ance payment into improved housing. Even when no price markup exists,
limited access to certain types of housing, particularly to higher quality
units, may lower the chances for minority households to meet target levels

of housing quallty.2

Most analyses of the price effects of discrimination in the housing market

3
conclude that minorities do pay more than whites for eguivalent housaing.
The estimated discriminatory premaiums range from 4 percent to over 30

percent. COther analyses reach the opposite conclusion——namely, that

lThe effects of housing market segregation have been extensively
studied, and a lengthy bibliography exists. For some examples, see Myrdal,
1962; Kain, 1962, 1972; Lieberson, 1963; McEntire, 1960; Taueher and
Taueber, 1969; Quigley, 1974, Sociclogists, demographers, land use
planners, and economists have all contributed to research on discraimiha—
tion. The discussion in the present study 1s drawn largely from the work
of economists, praimarily because the present approach to analyzing price
effects 15 based on hedonic regressions, a method most freqguently used by
economists.

2Prev;ous analyses of housing allowance data have indicated that
minority households 1n both Pittsburgh and Phoenix are less likely to
neet Program Minimum Standards than similar whaite households paying the
same amount of rent (Abt Associates, 1975).

3

See Ridker and Henning, 1%967; Haugens and Heains, 1969; Xain and
Quigley, 1975; King and Mieszkowski, 1973; OQuigley, 1974; Stengel, 1973;
Schnare, 1974; Gillangham, 1973; Muth, 1969; Rapkin, 1966.
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whites pay more than minorities for equivalent hous:Lng.l The quality of
these analyses of price discerimination varies tremendously. Many studies
fai1l to specify what hypotheses are being tested or what factors might be
regpensible for observed price differences. Both conceptual and empirical
problems complicate interpretation of the results. An even greater prob-
lem has been a lack of housing data adequate to define equivalent housing
bundles and a failure to appreciate the implications of this problem.

For example, several of the analyses lack neighborhood variables an the
hedonic equations, and many others rely solely on Census data to describe
dwelling units. If gome relevant attributes are not controlled for,
however, the estimated price differentials for racial groups may reflect
only systematic differences in the housing stock or in the neighborhoods
of these groups. Finally, the majority of the analyses rely on the full-
sample approach, with shift terms to test for price differentials. Thas
approach may be insufficient when relative attribute cost factors vary
signifrcantly in racial submarkets. Both a full-sample and a subsample

approach are presented bhelow.

Chapter 4 focused on isgues that affect the use of hedonic indices in the
analysis and presented tests for market segmentation between minority and
white neighborhoeds and households. Although the extent of segmentation
does not appear to be large, various racial or ethnic submarkets in each
site were found to differ. This chapter focuses explicitly on the question
of whether minorities pay more, less, or the same as whites for eguivalent

housing.

Two types of praice discrimination can be distinguished. Eaither prices for
housing in minority neaghborhoods are higher than prices for eguivalent
housing i1n white neighborhoods, or minority households pay more for equiva-
lent housing regardless of their neighborhood. This study 1s concerned
primarily with price markups within ghetto neighborhoods. Some attempt 1s
alsc made to assess "pure"” price discrimination, which occurs when different
prices are charged to minorities and whites for egquivalent housing in the
same neighborhood, but sample s1ze limits an extensive analysis of "pure"

price discramanation.

lSee Bailey, 1966; Lapham, 1971; Damiels, 1975; Berry and Bednary,
1975,



The next subsections discuss the theoretical evidence concerning the
effects of discrimination and segregation on housing price, as well as the
results of tests for price discraimaination that use both the full-sample and

submarket equations.

The test results suggest that a price markup for ghetto hougseholds exists
in Pittsburgh; however, 1t is only about 4 percent. Discrimination appears
definitely to be a function of neighborhood rather than of race in
Pittsburgh. Overall, black and white households appear to pay about the

same for egquivalent housing. .

The test results show that no discriminatory markups exist in Phoenix. If
anything, black households pay much less than either white or Spanash
American households for eguivalent housaing. In addition, Spanish American
households may pay slightly less than white households. No evidence of
nerghborhecod price differences for largely Spanish American Census tracts

was found.

Theories of Price Effects in Segregated Markets

bifferent hypotheses that attempt to explain the effects of racial discrimz-
natron predict quite different outcomes. Gary Becker (1957) pointed cut
that the exastence of segregated housing markets is not necessarily
reflected in rents. Becker therefore thought that prices would equalize
across submarkets. The "equilibrium" theories of Martin Bailey (1966),
Richard Muth (19€9), and Anthony Pascal (1970) maintain that the price of
comparable housing will be higher in the white housing submarket. In con-—
trast, the market separation model advanced by Robert Haugens and James
Heing (1969) and John Kain and John Quigley (1975) maintains that con-
straints on the supply of housing to minorities will lead to a positive
discraiminatory markup against black households. These hypotheses differ
in their assumptions about the degree of equilibrium in the housing market
and about the discraminatory mechanisms that might create and maintain

price differentials.

Almost all of the analyses have focused on black households and have
assumed the presence of some type of racial discrimination against blacks.

Sociceccnomic differences or black preferences for self-segregation are
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generally not considered to account fully for the extent of black-white
housing segregation {(Pascal, 1970). Less analysis has been done concern-
ing the segregation of Spanish American households. However, widespread
aversion or attraction to many kinds of "neighbors," whether based on race,
ethnicity, or sociceconcmic status, may lead to neirghborhood externalities

wan the price of housing (Schnare, 1974}.

A representative statement of the equilibrium hypothesis is made by

Richard Muth in Cities and Housing {1962). Drawing on earlier analyses,

Muth formulates a model of a racist housing market and tests some of his
hypotheses 1n an analysis of Chicage data. - Like Becker and Pascal, Muth
feels that the most reasonable explanation for residential segregation is
that whites have a greater aversion to living among blacks than do blacks.
In his analysis, explic:it widespread collusion is not a preregquisite for
racirally based housing premiums. Whites are assumed to bid more than
blacks for housing in predominantly white areas, thus leading to two
racially separate markets with a common border. The price of housing
along the border differs from prices in the interiors of the two areas.

If whites have an aversion to living among blacks, they will rent units

on the white side of the border only if housing 1s cheaper there than in
the white interior. Thus, blacks may be able to outh:id whites along the
border. TIf the housing market is competitaive, white owners have an incen-
tive to sell to blacks and the boundary will tend to shift toward the whate
area. If no external forces prevent this movement, and 1f black and white
demands for housing are changing at the same rate, then the black housing
supply will grow, relative to the supply for whites, and housing prices for

blacks will fall, relative to those for whaites.

In equalaibrium, prices for boundary housing are equal for both groups;
prices in the white interior are higher than prices at the white boundary;
and prices in the black interior are lower than prices in the white ante-
rior. Muth admrts, however, that if black demand for housing is growing
rapidiy, relative to whaite demand, and 1f discriminatory mechanisms slow
down the expansion of black submarkets, then prices in black areas will

be haigher than they otherwise would be.



In summary, the equilibrium model of price structure in racial submarkets
focuses on the price advantages that would exist for minorities under long-
run equilibrium. The model depends on particular assumptions about the
preferences of racial groups--namely, that whites have an aversion to
living with blacks, and that blacks either prefer integration or are 1in-
drfferent to housing location. In general, the ghetto is assumed to be
capable of expansion; housing suppliers rent or sell tc the highest bidder,
and cecllusive activity or other barriers (such as restrictive zoning or

red-1lining) are assumed not to inhibit the expansion of ghetto boundaries.

Alternative market separation models, which hypothesize higher prices-for
equivalent housing 1n segregated markets, challenge many of Muth's assump-
tions. Farst, these models suggest that disequirlibrium condirtions are
likely to persist for long pericds, and they focus on the "disequilibrium"
adjustment process rather than on long-run equilibrium. Second, they
posit discrmminatory mechanisms based on collusive activity and overt
restractions (some of which were legal untal recently), rather than on

the preferences of aindivadual consumers acting through a competitaive

market.

One of the first market separation models was developed by Haugens and
Heins (1969). They contend that blacks will tend to pay higher prices for

eguivalent housing, due to the containment of black submarkets. The extent

of the price differential in this model will depend on several characteris-
tics of the metropclitan area=--the rate of increase in the black population,
the rate at which whaites pull back from ghetto borders, and the extent of
spillover opportunities for blacks to move to relatively unpopulated areas
of the caty. Thus, in a ¢ity wath a highly centralized ghetto housing
market and with strong increases ain black demand, ghetto prices will be

pushed well above white market prices.

The mest extensive analysis of the effects of market separation and dis-
c¢rimination in the housing market 1s that of John Kain and John Quigley
(1275). They hypotheslize that price premiums for blacks arise because of
constraints on the supply of housing to blacks and because of costs asso-
ciated with the transfer from white to black occupancy. Ghetto housing
1s expected to bhe more expensaive than equivalent housing in white areas.
Within each submarket, however, whites and blacks are expected to pay the

same amountt.,
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Kain and Quigley's analysis of the effects of discrimination 1s based on
their thecry of the urban housing market, which introduces many factors
hot considered in previous models, In particular, they emphasize the
importance of the existing stock in the market, the heterogeneity of the
stock, and the spatial variation in the cost of housang bundle attributes.
Kain and Quigley point out that 1f the conventicnal long-run equilibraum
model of the heousing market were relevant, then the residential segrega-
tion that arises from white prejudices would resuit in higher prices for
whites, as predicted by the Bailey, Muth, and Pascal models. However,
they reject many of the tenets of conventional egquilibrium analysis and
claim that the ampact of discrimination must be considered in terms of
the characteristics of ghetto housing and the peossible variation an
attribute prices across racial submarkets. Furthermore, they point out
that housing market segregation modifies the traditional concepts of
residential chcice, 8Since blacks are largely limited to certain residen-—
tial areas, this creates a situation in which location rents for equally
accessible housing are not necessarily the same %n white and black sub-
markets.

The discraminatory mechanism in the Kain-Quigley model recognizes the role
of collusive behavior--including deed restrictions, appraisal practices,
the actions of real estate hrokers, discrimanation in financing, and
zoning restractions. Although some of these practices are now illegal,
Kain and Quigley consider that their effects are likely to last a long

time.

The role of the existing housing stock n the total supply of housing is
extremely important in black housing markets. The supply of housing to
blacks 1s most likely to increase through the conversion of existing unats
or the expansion of ghetto boundaries, rather than through new construction.
Also, the factors that affeet a change 1n housing quality are likely to
differ in black and white housing markets. In partacular, problems such

as abandoned buildings, crime, and undes:irable land use in ghettc neighbor-
hoods can lead to negative external economiles which affect the value of and
return to structures and thus the desirability of maintaining ghetto preper-
ties. To the extent that conversion and new construction are limited,

increased supply occurs only through expansion of ghetto boundaries.
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Kain and Quigley consider that a premium 1s necesgsary to shift housing to
the ghetto submarket. The markup may be a constant amount, as in Equation

(1), or proportional to value, as in Egquation (2):

B

(1) R, Rkw+a

(2) RkB R (1+8)

where

monthly rent (or market value) for housing
type k in the ghetto submarket

W
= monthly rent for housing type k in the white
submarket
a,B = digcrmainatory premiums.

It 1s important to note that the premium will vary acreoss different metro-
peolitan areas and across the same areé over time, as a function of the ease
with which the black housing supply can be expanded at the ghetto boundaries,
the extent of racial prejudice, the degree of market organization, and the
types of discriminatory mechanisms avairlable. When excess demand within the
ghetto raises ghetto housing prices relative to white submarket housing
prices (plus the premium}, then housing units shaift from white to black

cccupancy, often at the ghetto boundaries.

The 1mportance of boundary areas outlined in the Bailey-Muth models, and

the effects hypothesized by the market separation model have been thoroughly
analyzed by Thomas King and Peter Mieszkowski (1973). They distinguish
three types of potential price effects. First, rent differences between
ghette and white submarkets, with ghetto units bearing a discriminatory
price premium, arise from the "funneling effects of market separation."

This type of price premium i1s attached to submarkets, independent of the
race of the occupant. Second, and by contrast, "pure racial price discrimi-
nation" ocours when blacks pay more than whites for equivalent housaing in
the same neighborhood or submarket. If whates have an aversion to living
wirth blacks, this is most likely to occur in racially mixed submarkets.
Third, "white tastes for segregation®” are measured by differences in xent
between the white interior and the white boundary area. If whites prefer

to live away from blacks, white boundary rents will be lower.
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The tests of racial praice discramination in terms of racial submarkets and

pure racial discrimination are presented below.

Full-sample Tests for Price Discraimination

Several different approaches are used to test the hypotheses concerning
price effects. Since no a priori presumpticns have been made concerning
supply conditiens, levels of prejudice, or discriminatory mecharisms in
the Pattsburgh and Phoenix housing markets, the null hypothesis assumes
that no price differentials exist. Specification of the appropriate
racial variables was guided by comparability with previous analyses, and
a daistinction was made between race of household and the racial composi-

tion of submarkets, such as that made by King and Mieszkowski (1973).

Pittsburgh. Four separate (full-sample) hedonic eguations have been
specified for Pattsburgh; each includes a different definition of the
race of household on racial submarket variables used to test for price
effects, but i1s identical in all other respects. The equations used to
make these tests are given in Appendix IT. With one exception, the egua-
tions are similar to the final full-market regressions presented 1in

Chapter 3.1 .

The equations are estimated 1n both semilog and linear form. Table 5-1
lasts the estimated coefficients for the race or submarket variables

included in each semilog and linear equation in Pittsburgh.

First, following the majoraity of previous studies, the simplest test of a
"race" effect 1s to include a dummy variable that represents black heads
of household (Equation (1) 1in Table 5-1)}. This specification tests the
general hypothesis that black households, no matter where they live, pay
a different price than white households for comparable housing. As seen
in the table, the coefficient for the variable that represents black

househelds is very small and not statistically different from zerc. Thus,

1The exception 1s that the derived factor scores based on Census
variables do not include the variables "percentage black" or "percentage
Spanish Bmerican" in the Census tract. These modified factors are listed
in Appendix VII. The equations used in Chapter 5 are exactly like those
used to test for racial submarkets in Chapter 4, as discussed ain Section
4.2,
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Table 5-1

RESULTS OF TESTS FOR PRICE DISCRIMINATION: PITTSBURGH
SEMILOG EQUATION LINEAR EQUATION
EQUATION RACE OR SUBMARKET VARIARLE
NUMBER INCLUDED IN THE EQUATICN COEFFICIENT t-STATISTIC COEFFICIENT t=-STATISTIC
i Black head of household -0,001 0.063 ~0.519 0.390
Ghetto submarket (Census tracts > 50% black) 0.040** 2,773 3.964%% 2.487
2 Racially mixed submarket (Census tracts 20
to 50% black) 0.011 0.751 1.082 0.654
Ghetto submarket 0.037* 2,329 3.550% 2.045
3 Racially mixed submarkets in the central caty 0.017 0.769 0.630 0.2861
Racially mixed submarkets 1in the suburbs 0.000 0.000 0.724 0.321
White submarket in the central city -0.0086 0.526 -0.790 0.6
Black household in the ghetto submarket 0.031%* 2,024 2.882+ 1.700
White household in the ghetto submarket 0.043 1.230 4.102 1.079
4 Black household in the mixed submarket 0.004 0.202 0.112 0.045
White household in the mixed submarket 0.005 0.266 0.510 0.226
Black household in the white submarket —0.,070%%* 3.186 -8,230%* 3.381

SAMPLE: Aall enrolled households, excluding those that moved between the Baseline Interview and enrollment,
those with extreme values for residuals, and those living in a C* neighborhocd with fewer than five enrolled

households.

DATA SOURCES: Baseline Interview, Initial Household Report Form, Housing Evaluation Form, 1970 Census of

Population.
NOTE: The equations used to test for discramination are exactly

like those used o test for racial Sub—

markets in Chapter 4. The derived factor scores (for Census tracts) do not includé the variables percentage black

or percentage Spahish American in the Census tract (see Appendix VII).
those listed in the final equations in Chapter 3,
* Significant at the 0,05 level.
**% gaignificant at the 0.01 level.
+ Significant at the 0,10 level.

The remaining independent variables are




no price differential appears to exist, on the average, for this sample

of black households.

The above approach does not adecuately identify minority submarkets, however.
Many black households do not live in predominantly black neighborhoods, and
beth the equilibrium and market separation models emphasize price differ-
entials as a function of submarkets rather than of race of household per se.
Equation (2) in Table 5-1 presents an alternative defanition of racial sub-
markets, using a dummy variable that represents residence in "ghetto" sub-
markets or in racially mizxed submarkets, "Ghetto area" represents all
Census tracts in which black households exceed 50 percent of the population.
"Maixzed submarket”™ represents all Census tracts 1n whaich black househeolds
comprise 20 to 50 percent of the population. Finally, "white submarket™
represents Census tracts with fewer than 20 percent black households--thas

variable is the excluded category in Emuation (2),

This submarket approach shows evidence of a neighborhocd prace markup
in Prttsburgh. The semilog specification of Equation (2) indicates that
housing 1n all black areas is 4 percent {(or $4.00, based on the linear

equation) more expensave than in all white areas.

The static nature of the analysais should be kept in mind when interpreting
the present results. The dynamic effects of the transition from white to
minority occupancy, especially in expanding areas of the ghetto boundary,
may have an important influence on price effects of segregation. This
1gsue has bheen analyzed i1n many studies of owner-occupied um.ts.1 Many of
these gtudies draw sumilar conclusions. For example, many studies show
that, following a temporary drop in prices prior to changeover——the
"expectations” effect--~housing values rise rapidly after black entry. No
attempt has been made to adequately identify "transition" areas in the
present study. As a crude proxy for potential transition areas, however,
racrally mixed markets in the central c¢ity have been distinguished from
racially mixed markets in the suburbs [Equation (3)]. Central city mixed
areas approximate potential spilicover areas in Pittsburgh, whaich has no

major suburban ghetto areas. Equation (3) indicates that no price

lSee Laurenti, 1972; and the bibliography cited in Kain and
Quigley, 1975.
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difference exists for housing in central city racially mixed markets, rela-
tive to housing in white suburban submarkets (the excluded category). Also,

no premium is evident for mixed markets in suburban areas.

Overall, the results of Equations (1) through (3) ain Pittsburgh provide
partial support for the hypotheses of the market separation model, i1n show-
ing that price effects are not a simple function of race of household.
Housang 1n black neighborhcods 1s generally more expensive than housing in
primarily white submarkets; however, housing in central city racially mixed
markets 1s no more expensive than housing in white areas. These results
therefore cannot confirm Kain and Quigley's hypothesis that a premium 1s
necessary to shift housang to the ghetto market. It should he noted, how-
ever, that 1f accessibilaty or other characteristics of the central city
area relative to those of suburban areas have not been adequately controlled

for, the results could raflect factors other than racial composition.

An additional test for another type of price effect has been made. "Pure"
price discraimination occurs when minority households pay more than whaite
househeolds that live in the same submarket for comparable housing. Thus
the dummy variables included in Equation (4) distinguish black and white
households that live an pramarily ghetto areas, mixed areas, and primarily
white areas (white households living an the white submarket comprise the
excluded category). These distinctrons are possible in the present sample
because an adequate sample of black households live in white submarkets,
and a small, but adequate, sample of white households live in black neigh-
borhoods.

The test shows no evidence of pure praice discrimination. Both blacks and
whites pay more for housing in the ghetto market. No significant effects
are seen 1n the mixed market. In the white submarket, however, blacks pay
substanti1ally less than whates, a result that i1s compatible with neither
the equilibrium nor the market segmentation model; this ray in part reflect
the inaccuracy of using Census tracts as a data base, or the mechanisms

invelved may not be totally racial.

Phoenix. Table 5-2 presents the results of a similar analysls in PhoeniXx;
five separate egquaticns, each with a different specaification of racial,

ethnic, cor submarket wvariables, have been estimated in both semilog and

159




09T

RESULTS OF TESTS

Table 5-2

FOR PRICE DISCRIMINATION  PHOENIX

SEMILOG EQUATION

LINEAR EQUATICH

EOUATTON RACE OR SUBMARKET VARIABLE
NUMBER INCLUBED IN EQUATION COEFFICIENT  £-STATISTIC  COEFFICIENT  £-STATISTIC
spanish Ameracan houselnld -0 016+ 1 6062 -2 417+ 1.637
1 Black houschold =0.069%* 3.768 w7 269%* 3.104
Proportion of households in Census tract
2 that are Spanish hmerican -0.068 1.543 =-10.270+ 1.775%
Proportion of househelds in Census tract
that are black ~0.152%* 3 899 -18 S21%* 3.648
Spanish American submarket (Censusz tract
3 > 50% Spanish American) -0 006 0 251 -0,92% 0 329
Mixed submarket {Census tracts 20 to 503
Spanigh American) 0.019 1.420 1.510 0.a12
Spanish American submarkeb in central clty -0.025 0 791 -3.159 0.758
Spanash American submarket in suburbs D.00%9 0.233 ~0 054 7]
4 Mixed submarket in cenktral city 0 006 0 247 -0 194 0.063
Mixed submarket in suhurbs 0 032 1. 290 3.443 1.17¢
White submarket in central cirty -0 0GB 0.298 -0 605 0 245
Spanish American household in Spanish hmerican
submarket 0.022 1 o072 121 0.482
White house¢hold an Spanish American submarket 0 022 0.775 A 592 0.987
) Spanash American household in maxed submarket 0 013 0.731 - 125 0.055
White household in mixed submarket O Ohzax 3.916 5 474%* 3 199
Spanish hmerican household in white submarket 0,005 Q 285 1.826 0.83L
SAMPLL  All enrolled houssholds, excluding those that moved between the Baselaine Interview and enrallment,
those with extreme values for residuals, and those livang in a C* neighborhood with fewer than five enrolled
households
DATA SOURCES Baseline Interview, Initial Houschold Repoxt Form, Housang Evaluation Form, 1970 Census of
Populataion.
HOTE The equations used to test for discrimination axe exactly like those used to test for racial sub-

markets rn Chapter 4.

or percentage Spanish Amer:rcan ain the Census tvact (see Appendix VII).
those listed in the final equations in Chapter 3.
* Bagnificant at the 0.05 level
** gagnificant at the 0.01 level.
+ Signifrcant at the 0 10 level.

The derived factor scores (for Census tractsz) do not include the variablea percentage black

The xemalning independent varlables are




linear additive form. (See Appendix II for the basic egquations.) Since
the sample of black households 1s relatively small, 1t 1s not possible to
define separate submarket variables for blacks, other than the proporticn

of black households in the Census tract.

Equation (1)} includes dummy variables that represent Spanish American and
black households. The coefficients of these variables suggest that both
minorlty groups, but particularly black households, pay less than white

househeolds for comparable housing.

In order to assess whether price dirfferentials exist across submarkets,
Equation (2} includes the percentage of Spanish American and thg percent-
age of black households in Census tracts, and Equation (3} includes dummy
variables for predominantly Spanish American submarkets and maixed (Spanish
American and white) submarkets. From these equations it dees not appear
that housing in a completely Spanish American neighborhood is less expen—
sive than comparable housing in predominantly white neirghborhcods. The
variable for percentage of Spanish American households in the Census tract
1s significant in only the linear from of Equation (2). The dummy variable
for the Spanish American submarket i1n Equation (3) 1is not saignifacant.
However, for black neighborhoods a very large price differential appears:
according to the coefficient of "percent black" in Equation (2}, housing
in all black tracts is 15 percent (semilog equatich) less expensive than

in all white tracts.

As 1in Pattsburgh, the wvariables in Equation (4) for Pheoenix have been
specified to include proxy variables for potential transition (maxed) sub-
markets as well as to represent minority and white submarkets. (Again,
submarkets are defined according to the proportion of Spanish American
households in Census tracts.) Predominantly Spanish American neighborhoods
extst both in the central city and in the suburbs, so that the mixed sub-
markets in both areas represent potential transition areas. (The excluded
category in Equation {4) is white submarkets in suburban areas.) None of
these variables 1s sagnificant, however; the coefficient for the variable
representing the mixed market in the suburbs exceeds 1ts standard error,
but :t seems difficult to label this as a target area based on this slim

evidence.
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Finally, Equation (5) distainguishes both ethnicity of household and type
of submarket in order to test for "pure" price discrimination--that is,
where minorities pay more than whites for comparable housing in the same
neighborhood. The only significant variable is the one that represents
white households laving in mixed markets; they appear to pay more than

white households laiving in white submarkets.

The results of these tests for price differentials in rhoenix are somewhat
difficult to interpret. Clearly, they dc not support the hypotheses of the
market separation model, because there 1s no evidence cf price markups in
minority submarkets., Neither are the results entirely compatible with the
Bailey-Muth equilibrium models, because the evidence that white households
pay a premium to maintain segregation 1s mixed. Relative to Spanish
American and black households, whaite households generally appear to pay
somewhat more for comparable housing. According to the equilibrium model,
however, whites in boundary {racially mixed)} areas should pay less than
white households inside the white submarket; Equation (5} indicates the

opposite conditrion in Phoenix.

Again, the problem may be that the definition of submarkets on the basis

of the racial dastributions of Census tracts 1s too 1mprecise to adeguately

reflect "different” neighborhceds. The equilaibrium models appear to assume

that white and minority submarkets are almost completely segregated and that
white households will occupy common boundary areas only when offered a dis-

count relative to the white submarket. Neirther condition holds in Phoenix.

Given the present defination of submarkets, 1t 1s not possible to determine

whether white households in Pheoenix pay a premium to maintain distance from

Spanish American or black households.

Ancther possible explanation is that certain omitted variables are system-—
atically correlated with attributes of minority housing. If, for example,
certain characterastics of lower-guality units were omitted, the coeffi-

cients for the variables that represent minority households 1n Equation {1)

would be brased downward.

The next subsection makes additional tests for racial price differentials
1n Pattsburgh and Phoenix in order to substantiate the tentative conclusions

reached here.
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Subsample Tests for Price Discrimination

As already mentioned, most of the previous analyses of price discrimina-
tion are based on the common equation approach: an hedonic equation 1s
estimated for an entire metropeolitan area, and the coefficients of the

race or submarket variables included i1in the equation are presumed to
measure an "average' price differential that wniformly affects the prices
of all types of dwelling units. This assumption ig implicit in the market-
wide equations estimated above in Pitisburgh and Phoenix. Such an approach
may not adequately reflect the price effects of market segregation, however.
Estimation of a single equation implicitly assumes that attribute prices are
constant across the entire housing market; the analysis of market segmenta-
tion in Chapter 4 indicated that this 1s not in fact the case for some sub-

markets in Pittsburgh and Phoenix.

The effect of variation an attribute prices on minority housing prices 21s

an important element of Kain and Quigley's analysis of segregation. The
characteristics of ghetto housing may differ markedly from much of the stock
in the white submarket, Although some types of dwelling unit qualaity oxr
quantity may be obtained through modification of existing stock, conversion
for cther attributes 1s infeasible or prohibitively expensive. In addition,
publicly oxr joantly produced attributes, such as public services and neigh-
borhood amenities, arée not easily alterable in the short run. All of these
factors are likely to lead to different elasticitiss of supply for different
attributes. For ghetto resadents, higher quality dwelling unit or neighbor-
hood attributes may bear a high premazum or may not be available at all.

Scme types of housing hundles may therefore be more expensive inside the

ghetto, and others may be cheaper.

In order to use the stratified eguations to test for price discrimination,
the estimated prices of equivalent housing bundles ain different submarkets
will be compared. These price estimates are obtained by solving the rele-
vant subsample eguations, using equivalent sets of attribute levels.
Although mumerous kinds of attribute bundles can bhe defined, an obvious

choice 1s the "average" bundle consumed in each submarket.

Pittsburgh. The tests for price differentials indicated that a price prem-
1um exists for housing in the black submarket in Pittsburgh. To confirm

this, the black submarket equation has been solved using the attribute
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levels for the average white submarket housing bundle. Similaxly, the
white submarket egquation has been solved using the mean black submarket
housing bundle. The existence of a price premium for ghetto housing s
confirmed, but only for the average ghetto housing bundle. The estimated
prices are given in Table 5-3. The results indicate that:

If the average ghetto housing bundle were purchased in the

white submarket, its cost would be about 4 or 5 percent less
than in the ghetto submarket.

If the average white submarket housing bundle were purchased

in the ghettc submarket, its cost would be the same as in the

white submarket.
It is important that these results hold for both linearx and semilog forms.
To the extent that the hedonic equation :s misspecified, differences in
estimated coefficients for different submarkets could simply reflect the
misspecification; this is less likely to be the case when the results for

both forms are so similar.

Analysis of the subsample equatiens for black and white households in
Pittsburgh i1ndicated that relative price differences existed bhetween them.
Table 5-4 shows the results of solving the eguation for black households
with the whate household mean housing bundle, and vice-versa. No clear
results are seen: black households may pay slightly less for the white

bundles, but the difference 1s significant only in the linear eguation.

Phoenix. & sunilar analysis has been done for Phoenix. Recall from
Chapter 4 that evidence of market segmentation exists for submarkets in
Phoenix. The analysis using full-sample equations indicates that Spanish
American (and black) househclds appear to pay less than white households

for housing,

Agalin, two sets of calculations have been made to assess these results.
First, the eguation for the Spanish American submarket has been solved
using the mean attribute levels of the white submarket and the white
submarket equation has been sclved using the mean Spanish American market
bundle. Second, the same calculations are made £or the household groups

and the average housing of the households.
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Table 5-3

ESTIMATED PRICES FOR AVERAGE HOUSING BUNDLES
BY WHITE AND GHETTC SUBMARKET: PITTSBURGH

WHITE GHETTO
HOUSING BUNDLE SUBMARKET PRICES SUBMARKET PRICES

SEMILOG EQUATION
(log rent, standard error, and
dellar value of logarithmic estimates)

White submarket bundle 4.685 4.689%
{0.300)
($108.30) ($108.75)
Ghetto submarket bundle 4,572a 4,624
(0.272)
($ 96.73) ($101.85}

LINEAR EQUATION

White submarket bundle $113.23 $113.60°
(33.61)

Ghetto submarket bundle $101.37° $105.43

(26. 30)

SAMPLE: All enrclled households, excluding those that moved between
the Baseline Interview and enrcllment, those with extreme values for
residuals, and those living in a C* neighborhood with fewer than five
enrolled households.

DATA SOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Ferm, 1970 Census of Population.

a. Estimated price obtained by solving submarket equations {(stratified

by Census tracts) with the mean attribute levels of the other submarket.
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Table 5-4

ESTIMATED PRICES FOR AVERAGE HOUSING BUNDLES
BY WHITE AND BLACK HOUSEHOLDS: PITFTSBURGH

WHITE BLACK
HOUSING BUNDLE HOUSEHOLD PRICES HOUSEHOLD PRICES

SEMILOG EQUATION
(log rent, standard error, and
dellar value of logarithmic estimates)

White household bundle 4.686 4.664%
{(0.299)
($108.39) ($106.06)
Black household bundle 4.586° 4.604
(0.259)
($ 98.10) (s 99.85)

LINEAR EQUATION

White household bundle $113.28 $109.312
( 33.40)
Black household bhundle $103.28a $103.23
(26.77)

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enrollment, those with extreme values for
residuals, and those living in a C* neighborhood waith fewer than five
enrolled households.

DATA SOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Form, 1970 Census of Population.

a, Estimated price obtained by sclving submarket equations (strati-
fied by race) with the mean attraibute levels of the other submarket.
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The results, given in Tables 5-5 and 5-6, are difficult to interpret.
Spanish Ameraican households pay about 5 percent less for their own bundle
than white households would pay for the same bundle. This is at least
consistent in direction with the previous results. However, as seen in
Table 5-5, the white submarket bundle can be purchased only at a large
premium 1n the Spanish American submarket. It 1s clear that caution must
be exercised in making this type of comparison. The housing bundles being
compared must exist in both submarkets--the predicted price of a "luxury"
unit in the barrio will be i1nvalad 1f this type of housing 1s not available.
The spread in actual mean rents between the white and the Spanish American
submarkets i1s extremely wide, namely, a difference of over $50.00 {(as com-
pared with a spread of about $8.00 for the black and white submarkets in
Pittsburgh). Thus, little confidence can be placed in the estimated price
narkup, especially when other evidence suggests that Spanish American
housing costs for actual available housing are egquivalent to or less than

white househeld costs.
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Table 5=5

ESTIMATED PRICES FOR AVERAGE HOUSING BUNDLES
BY WHITE AND SPANISH AMERICAN SUBMARKET: PHOENIX

WHITE SPANISH AMERICAN
HCUSING BUNDLE SUBMARKET PRICES SUBMARKET PRICES

SEMILOG EQUATION
{(log rent, standard error, and
dollar value of logarithmic estimates)

White submarket bundle 4.946 5.083a
{(0.332)
{8140.63} ($161.26}
Spanish American submarket 4.507% 4.471
bundle (0.302}
{3 20.65) ($ 87.43)

LINEAR EQUATICHN

White submarket bundle $147.88 $154.61%
(44.03)

Spanish American submarket (S 92.86}a $91.42

bundle (27.64)

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enrcllment, those with extreme values for resid-
uals, and those living 1in a C* neighborhood with fewer than five enrcolled
households.

DATA SOURCES: Baseline Interview, Initial Househeld Report Form,
Housing Evaluataon Form, 19270 Census of Population.

a. Estimated price obtained by solving submarket equations (strati-
field by ethnicaity) with the mean attraibute levels of the other submarket.
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Tzable 5-6

ESTIMATED PRICES FOR AVERAGE HOUSING BUNDLES
BY WHITE AND SFANISH AMERICAN HOUSEHOLDS: PHOENIX

WHITE SPaNISE AMERICAN
HOUSING BUNDLE HOUSEHOLD PRICES HOUSEHOLD PRICES

SEMILOG EQUATICN
{log rent, standard error, and
dollar value of logarithmic estimates)

White household bundle 4.896 4.900%
{0.351)
{3133.75) ($134.29)
Spanish American household 4.716% 4.870
bundle {0.365)
($111.72) ($106.64)

LINEAR EQUATICN

White household bundle $141.50 $142.62°
{44 .62)

Spanish American household s118.81% $113.90

bundle (42.06)

SAMPLE: All enrolled households, excluding those that moved between
the Baseline Interview and enroliment, those with extreme values for resid-
uals, and those laving in a C* neighborhood with fewer than five enrclled
households.

DATA SOURCES: Baseline Interview, Initial Household Report Form,
Housing Evaluation Form, 1970 Census of Population.

a, Estimated price obtained by solving submarket equations (strati-
fied by Census tracts) with the mean attribute levels of the other submarket.
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APPENDIX I

THE INTERPRETATION OF HEDONIC INDICES
AS MEASURES QF HOUSING QUALI'I’Yl

This appendix discusses the formal rationale for and limitations of hedenic
indices as a measure of housing change. Hedonic indices are an imporitant
analytic tool for assessing changes in participant housing during the
experiment. They are not the only tool. They corplement rather than
replace summary measures based on specific policy-relevant features or
rndrvaidual satisfaction. BAnd, like any aggregate index, they cannot

fully replace more detailed examination of individual dwelling unit
features. Nevertheless, given the limitations of avallable indices based
eirther on policy standards or on individual satisfaction, and the plethora
of relevant housing features, hedonic indices are potentially the most

wseful single measure of housing now available.

The basic drfficulty in measuring housing i1s that 1t i1nvolves a collection
of many different attributes. Individual features can and should be
considered, but the large number of features and the many alternative ways
of describing them requare some surmary measures as well. Summary measures
can be constructed from at least two different viewpoints—--that of social
policy and that of individual well-being. Social policy ratings attempt
to evaluate housing in terms of externally set requirements. These require-
ments are usually based on notions of basic amenities, such as indoor
plumbing and features necessary for safety and health, or on presumed
externalities produced by decent housing, such as improved appearance,
reduced crime and disease, and so on. Measures based on individual
satisfaction, on the other hand, are basically concerned with the extent
to which an individual household's housing needs are met. At their

most ambitious, individually motivated measures attempt to abstract from
particular households and to 1dentify a common scale of housing needs

and adequacy that reflects a general consensus about what constitutes

"good" housaing. As discussed below, hedonic indices may be seen as a

special instance of this latter approach.

1 . .
This appendix was written by Stephen D. Kennedy and Sally R. Merraill.
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The problem in developing ratings based on social policy considerations
is lack of consensus. The Minimum Standards used in the Demand Experament,
for example, are developed from the American Public Health Association's

Recommended Housing Maintenance and Occupancy Ordinance {(as revised in

1971) and are simlar to standards used in other housing programs, such
as Section 8. Nevertheless, there is little guestion that individual
policy makers would quarrel with the omission or inclusion of specific
standards, or with the relative werght given to, for example, flcor

condition, safe electrical wiring, or presence of adeguate plumbing.

On the other hand, measures based on individual satisfaction with dwelling
unit or neighborhood may lack credibility. Consider, for example, an
indivrdual's expressed satisfaction with his or her neighborhood. The
measure i1tself 1s subject to a variety of limitations (such as the common
observation that pecple tend to ratify their present situation, and
especirally their recent choices, by claiming satisfaction). More important,
the subjective nature of indivadual satisfaction may be unpersuasive on

at least two grounds. First, individuals may be dissatisfied with their
housing not because 1t 15 i1nadequate, but simply because 1t 15 unswmted to
their unigue needs {(most obviously, a dwelling wnit that is too large or
too far from a new job). Second, an individual's dissatisfaction with

housing may be suspected of reflecting unreasonable desires.

One approach to these problems is to attempt to build a measure of housing
by identifying an underlying structure of housing tastes or needs common
to all indaividuals. Such approaches are epitomized by Latent trait

models and their associated factor analytic approaches. The problems

with this approach are twofold. First, no observable variable validates
the derived structure: Because the identification of traits is dependent
on prior restrictions, it is dirfficult to prove that the factors do indeed
1dentify some common structure. This problem can be substantially over-—
came in cases where the i1dentified factors possess strong surface
plausibility or are replicated in different situations. Second, and more
fundamentally, the latent traits, even i1f identified, are diffaicult fo
interpret. Once housing has been reduced to, for example, seven different
dimensions, there 1s st1ll no accepted scale for the units and no i1mmediate

way to understand the importance of a unit change. Justification and



i1nterpretation must ultimately rest on the experience built up by repeated
applications of the factors teo varrous outcomes, which establish both
their significance in determining outcomes of interest and the magnitude
of aifferences 1in outcomes assoclated with differences in factors. This

sort of justirfication requires substantial time to develop, however.

If.vthere is some observed variable that 1s commonly thought to be correlated
with housing adeguacy, 1t may be used to interpret the derived latent
traits. Alteratively, housing attributes may be related to 1t drrectly,
without attempting to identify an underlying structure. Indeed, thas
constitutes one approach to the interpretation of hedonic indices: Rased
on the assumption that pecple will generally pay more for a dwelling only
1f 1t 15 better, different attributes are werghted according to the way
1n which they affect the market value of the unit. The total value of
the unit's attributes 1s then i1ts estimated normal market, or hedonaic,
value. Thas value i1s different from the unit's actual rent, which may
reflect a varmety of nonhousing factors, including the effects of in-
flation over time and the careful shoppang or luck of individual house-

holds in finding especially good deals.l

In fact, the conditicns under which hedonic indices can be interpreted in
this way are stringent and probably not met. Hedonic indices of housing
cannot reascnably be claimed to identify either a common set of consumer
preferences and housing needs, or the underlying housing supply costs for
different sorts of housing. Under certain circumstances, however, hedonic
indices can be thought of as identifying common agreement not about whether
one house 1s better than another, but rather about whether 2t is worth

more and in some sense provides “morxe" housing.

The idea of "more"” or "less" housing is best represented by the common
habit of referring to a $40,000 house or a $200 apartment (or, for
automobiles, to a high, medium, or low-priced car}. This 1n effect
characterizes houses (or cars) in terms of their normal market cost. A

particular $40,000 house may sell for morxe or less than 540,000, and 1t

1 . .
In addrtion, estimated hedonic values will of course d&rffer
from actual hedonic values due o errors 1n estimation.




may be more or less suited to a particular household's needs than another
house. But there 1s, in conversation, the idea that 1t 1s "more" house
than a $20,000 house and in some very loose sense, a better house. Fut
ancther way, 1f an individual wath a $10,000 house were to purchase a
$20,000 house, he would seek to purchase a "bettexr" (for him) house.
Hedonic 1indices provide a more-detailed and objective version of this sort
of characterization of housing, but their strengths and weaknesses can
st1ll be understcod in terms of the strxengths and wezknesses of such

characterizations.

Most obviously, a $200 apartment may mean quite different things in New
York City as compared with Springfield, Massachusetts, or in 1977 as
compared with 1237. In this case, an hedonic index of housing will also
mean different things. 2as discussed below, this problem can be partly
overcome by using the weights from one market to i1ndex housing services in
other markets. If the true weights in the two markets differ only pro-
portionally, this comparison will yield an exact index. Otherwise, one
market's weidhts wall generally overestimate the level of housing services
in other markets relative to the first, and will masestimate changes or
differences 1n housing services within the other market in an unknown
way.l It 1s therefore important to examine the extent to which hedonic

welghts 1n two situations differ by more than a factor of proportionality.

Beyond this, the theory of hedonic indices assumes that there 1s an
adequate description of dwelling units and of the relationship between a
uwnit's features and i1ts normal market rent. In terms of actual descriptors,
theory provides little guadance, beyond the rule that variables should

reflect unit attributes or nonhousing facters (such as beang related to

lUs;ng the attribute weidhts from market A to index housing in
market B in effect estimates what a given market B unit would cost in
market A. If costs in the two markets dirffer only by a factor, this saimply
rescales the market B index; the ordering of units remaing the same using
exrther market A or market B weights. If, however, the weights differ in
a nonproportional way, they may gaive  different orderings of units wathin
each market. Furthermore, between the two markets, market A weights will
tend to overvalue market B housing, since, for a given real level of
housing services, a unilt in market B will tend to have more of the attributes
that are inexpensive in market B as compared with market A.



the landlord) that might affect a unit's actual rent. In terms of the

appropriate form of the relationship between attributes and normal market
rent, theory at least suggests that this will often be nonlinear, except
in cases where the attributes are themselves individually bought and sold

{see Lucas, 1975, and Section I.2 below) .

These issues are discussed further in Section I.1, which sumarizes the
ganeral thecory of hedoni¢ indices. Section I.2 then reviews some of
the recent literature on hedenic indices, much of which has been aimed at

removing misconceptions about what hedonic indices do and do not measure.

The remainder of this appendix i1s very much rooted in the economic theory
of consumer choice. While the presentation attempts to develop z more
general intmitive content, the concepts involved are motivated by attempts
to define the concept of commodities within economc models. Without prior
exposure to such models, the arguments may be hard tc follow; common
English terms are used with special meanings, and the logic and motivation
of the discussion rest on these models. Since hedonic indices are largely
developed and used by economists, however, it is worthwhile to present

their use and limatations within the framework of economics.

I.1 THE USE OF HEEDONIC INDICES TO MEASURE HOUSING

The hedonic approach to the analysis of consumption rests on the assumptiion
that goods may be disaggregated into sets of basic characteristics, and
that the characteristics of the particular good, rather than the good
1tself, constitute the arguments of the consumer's utility function. As
summarized by Zvi Griliches, the parametric version of the hedonic
technique asserts the existence of a "reascnably well-fitting" relation
between the price of the composite commodity (or good) and the levels

of 1ts characteristics (Grilaiches, 1971). The cecefficients that result
from estimation of this relaticnship, usually a regression, are referred
to as the shadow, or implicat, prices of the characteristics. Traditionally,
the hedonic methodology has been used in the construction of price indices,
a use developed by Andrew Court (1939). The technigue was revived later

by Griliches and others and has been applied in many 1nteresting ways-l

1 .
Grilaches (1971) provades a collection of studies that describe
the applications and issues of hedonic research.
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Hedonic indices have a strong surface plausibilaty. Housing is not a

single, well-defined commodity, but rather a collection of attributes

such as number of rooms, structural soundness, adeguate plumbing, pleasing
design, neighborhood sexvices and amenities, and indeed neighbors them-
selves. Hedonic indices 1in effect assume that, in the market as a whole,
rent is strongly related to the guantity and quality of housing services
that a mit offers. Thus, by regressing rent on attributes, one can
derive a =et of weights which reflect each attribute's contribution to

the value of the unit. In particular, hedonic regressions can be used

to sort out the wvalue of housing services from other factors that in-
fluence rent, such as individual shopping ability, condrtions of tenure,

or racial discrimnation.

On the other hand, the adeguacy and quality of a house appear to lie very
much in the eye of the beholder. Different people rate units very
differently, depending on their needs and backgrownd. The relative
importance of arr—conditioning and central heating, for example, are very
different in Prttsburgh and Phoenix. How 'then can housing be considered

a well-defined entity that can be measured by a single index?

One approach to the definition of housing guality i1s to assume some under-
lying psychelogical agreement about what constitutes good or bad housing,
Say that each individual possesses a preference ordering, U(x,z},

defined over some set of housing attributes, x, and other goods, =z.

Then the index of housing attributes for each individual 1s written as

(1) hix;z) = U(x,2),
where h(x%;z) = the index of housing sexrvices, given other
congumption
= the vector of housing attributes

pid

some Fixed wvector of other consumption.

The function h(x;':-:') indexes housing in the sense that if h(xl;;} is greater

than h(xo;E) , then xl 1s preferred to Xo (given other consumption, E) .l

1 . .
The usual assumption 1s that h and U only order different housing

bundles--that ig, h and U are only defined up to a monotonic transformation,
since any monotonic transformation will leave the ordering of bundles
unichanged. Thus the index, b, only says whether one house 1s bhetter than
ancther, not how much hetter.



An index may be constructed independent of z if the individuals' rankaing of
alternative values of x in U{x,z) is independent of z. Formally, this can be

written as
(2) U{x,z) = U(g(x),=z).

The utility function of Equation (2} i1s called "separable" in terms of hous-

ing and nonhousing goods. If U is increasing in g, then x, will be preferred

1

to %, af g(xl) » g(xo), regardless of the value of z.

The fact that people readily talk about housing apart from other goods

at least suggests the reasonableness of separating housing and nonhousing
preferences. For the variables used in this report, however, separability
would require, for example, that a household’'s relative preference for an

1
extra bedroom or a garage 15 unaffected by whether or not 1t owns a car.

Even if preference oxderings are separable, the index, h{x), will not be
the same for all individuals unless individual tastes are all the same.
Again, this may be 2 reasonable assumption (at least in application) 1f
attributes are appropriately defined. Thus. for example, 1t may be
reasonable to suppose that there 1s some gquality "interior climate” over
which preferences are i1dentical. The actuwal variables avairlable, however, ~
are the presence and adequacy of central heating and arr-conditioning.
Relative preferences for these two forms of c¢limate control can hardly

be the same in Pittsburgh and Phoenix. Likewise, there may be some common
undexlying quality of roominess. Tastes for square feet or number of
rooms, however, would be expected to vary with household size and composition

(ag well as exterior climate).2

If the attempt to identify a common underlying psychological agreement by

using avallable descriptors is prcblematic, another approach 1s to

lA necessary and sufficient condition for the separability defined
by Bguation (2), due to iecontieff, 1s that the marginal rate of substitution
between any two elements of x (the ratio of marginal utilities) be in-—
dependent of the elements of z.

2These sorts of problems indicate why the validation of latent
trait models, discussed at the beginning of thais appendix, 1s so important
and so d1fficult. Given available descriptors, the definition of latent
trarts for housing would be expected to shift from city to city by
demographic characteristics. This means that factor scores, for example,
should change across demographic groups and citles even though the factors
may seem, on interpretation, to be i1dentrfying the same element. 2Absent
nternal evidence of consistency, 1t becomes even moxe important to
develop external tests.
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restrict the available choice set so that dAifferences in individual tastes

are effectively suppressed. This 15 the basis of a remarkable theorem due
to Hicks, the Composite Commodity Theorem. Say that the relative prices
of scme subset, A, of goods are fixed--that i1s, the price of each good

an the subset rises or falls proportionally; then, under the, conditions
of utility maxrmization, every individual will act as if the subset of

goods were a single composite commodity, o, defined by:

P

1
(3) = 1§A (Erixl

o
(4 Pa = 1%A Pl'

As long as the subset of prices rises or falls proportionally, the weighis
that define o (the Pl/Pa) remain fixed. Thus o provides an index of the

subset {Xl...Xr}, and Pa provides an index of the subset prices.

It 1s important to understand what this theorem does and dees not say. It
does not define a single physical commodity that all individuals will
purchase. The composition of the composite comrodity in terms of the
amownts of the individual geods involved (the Xi} may vary among
individuals and, for any single individwal, as income or price levels
change. The theorem deoes maintain that in considering behavior we need
not define any ultimate commodities: people can be thought of as deciding
the level cf o and then, behind the scenes as i1t were, allocating o among

1ts individual elements.

Put another way, the composite commodity measures the guantity of food

or housing an individual buys, not 1tz gualaty. For example, 1f individual
A buys two bags of groceries, one for $5 and one for $10, individual B

may prefer the beer and pretzels that made up the fairst bag to the sov-
beans,; spinach, and cabbage that made up the second. But in a general
sense 1t would be agreed that the second bag contains more groceries.

It has a higher walue in the sense that 1f indivaidual B were to buy $10
worth of groceries, he would get more (or better) groceries—-for him--than
1f he bought only $5 worth. The Composite Commodity Theorem in effect
provides a rigorous basis for the notion of talking sbout a $25 bag of

groceries or a $40,000 house; 1t says that $25 worth of groceries does in



fact refer to the cost of a composite good called "groceries” and does

1
indeed measure the amount of "groceries” up to a scale factor (the price).

Hedonic indices invelve a further step: gocds are seen as bundles of
attributes. Thus, the houses 1n a particular city are seen not as
hundreds of thousands of unigue commodities, but rather as different
combinations of a limited set of attributes. The Compesite Commodity
Theorem can be applied to the underlying attributes as well as to in-
dividually marketed commodities. If the relative prices of a subset of
attributes are fixed, then the attributes may be formed into a composite
attribute bundle. There 15, however, no reason to assume that attributes
w1ll have prices in the usual sense. Attributes are embodred in marketed

goods, so that the cost of an attribute set, X, 1s given by:

1

(5) Cix) min p;t s.t. F(t) > x,

where

W
1]

the wvector of attributes
t = the vector of marketed commoditiles

Py = the vector of market prices

F

the function that maps t into X.

The market cost function for the attributes, C(x}, will be lainear only
undex very special conditicons. Most obviously, if szach marketed good
contains given amounts of attributes per unit, and 1f there axe the same

nunber of marketed goods as attributes, then

(6) X =0t
P
P, = P.Q
Cl{x) = pxX,

where {?i‘} the amount of the 1th attribute contained in a2
J unit of the jth marketed commodity (assumed to
be ncnsingular) .

lThe application of the Composite Commodity Thecrem to hedonic
indices of housing services 15 one example of a much larger problem. There
1s an abundance of commodities; there are dozens cf brands of soap or models
of cars or types of houses. Further, each car or house, at least, is
potentrally unigue. Yet we are accustomed o think in terms of broad
categories such as cars, housing, or even szmply income. For economists, at
least, this 1s not simply verbal sloppiness. Nor does it require assumptions
#bout regularity of tastes. It can simply reflect the underlying unity of
categories of goods engendered by a unity of changes in price.
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But this 1s a trivial case, since the poant of considering attributes was
to reduce dimensiconality. TIndeed, to the extent that there are more varie-
tres of goods than attributes, this suggests that individuals are not effi-
clent producers of attributes, that i1t pays to have firms produce different
bundies. Thus, as Lucas {1975} points out, 1if the Q-matrix in Equation (6)
18 singular (that ig, if there are more commodities than attributes), then
the cost function, C{x), will be nonlinear (specifically a polygonal arc
concave to the origin), except in the degenerate case in which some subset
of commoditires dominates (that is, in whach there 15 no reason for there to
be any more commodities marketed than attributes). In addition, Rosen (1974)
points out that the formulation of Equation (6) is itself too simplistaic:

for example, two six-foot cars cannot be combined to give a twelve-foot car.

Fortunately, the Composite Commodity Theorem does not depend on linear
cost functions. A composite commodity, h(x), can be constructed as long as

the cost of purchasing a set cof attributes, x, can be expressed as:

(7} Cix) = 0f{x)g(=),
whexre 8 = a shaft parameter
gi{z) = some function (possibly constant} of the otherx
goods
flx) = a fixed function of the attributes.l

=
-

lThlS can be proved as follows. Consider any nondecreasing index,
h(x). Define

{(a) Wla,z) = max Ul(x,z)} =.t. hi{x) = o.

{x}

This def%nes a preference ordering over {o,z) and a set of correspondences
between x, the solution to Eguation (a), and (¢,z}. If hi(x) is not
convex, it may coincirde with the indifference curves of U(x,z) at multaiple

~

roints. If this is the case, a function x {¢,z) may be defined by choosing
the least cost wvalue among the x solutions: -

) maxiW(a,z} s.t. Dlo,2) = ¥,
{o,z}

where D(a,z) is defined by
(c) D{a,z) = E(x{a,2),2),

where E{x,z) 18 the cost function for purchases {x,z). The index, h(x),
can be considered a composite commodity 1f the solution to Equat:ions (a)
and (b} vields the same solution for (x,z} as

(focotnote continued on next page)
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(footnote continued from previocus page)

(a max U{x,=z)s.t. E(x,z) = Y.
{x,2}
By the Envelope Theorem and the first order condrtions for Equation (a),
w_ ., _Qu, T W _du
(e) da - P T ax, 9x ' 9z, 8z
1 3 i 1

Substituting Equation (e) into the first order conditions for Equation (b) gives

U _ _oh, 3D  dU _ D _ _ _
(£) x “(ax ) 3 ¢ Bz M8z ¢ D=7,
bl 1 1 1

whereas the first oxrder conditions for Equaticn {d) are

sy _ 9E U0 _ ,9E
9x Tox 7 9z dz
1 1 1 1

(@ ; BE=vy.

Assume that the cost function, E, ¢an be written

(h) E{x,z) = 8£(x)g(2) + k(=2),

and define the composite commodity index, hi(x} by
(1) a = h(x) = %%%} .

and the cost function D by

{3) D(o,2) = paa + kiz),

where

{k) ' pa = BE(1)g(=z).

Then Equations (f) anéd (g) can be rewritten

. au _ of _ 83U _ g 8k | =
{F) e nog (3} oz . nf(x)az' + el 0f(x}g(z) +k(z) =y
i s 1 1 i
- U 8f 33U _ g %k -
) o Afg(3) = s AL (%) vy + g, 8f(x}glz) + ki(z) =y,
1 i i i i

which are identical. Thus Equation (h) is sufficient. On the other hand,
Equations (e) and (f) require that

dh A, 9D ,~1 3E
o = (D) P

{1) =
Bxl n da Ix

1

Since h must be independent of z and since, because tastes are unvestricted,
Eguation (1} must hold for all values of x and z, the Equation (h) must

also be necessary. Thus the basic reguirement for indexang x across
indivaduals 1s that all individuals face the same Ffunction of the "separable"
form given by Equation (h).
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The form of Equaticn (7) allows housing costs to depend on norhousing

consumption, z, as well as on housing consumption. In practice, hedonic
indices for housing are usually estimated without considering nonhousing

consumption. Thus the empirically appropriate form for Equation (7) is
(8) C(x) = 0f(x).

Eguation (8) simply requires that the cost of a given unait not change

as other consumption (such as food purchases) changes. This requirement
may seem innocucus at first glance, but 1s in fact important. Most
obviously, Equation (8) requires that the attributes, x, not be produced
by the omrtted goods, 2. This 1s in effect a technical, or market
separability, condition, which serves the same function as the separability
condition on preferences in Equation {2). The conditicon 1s stronger than
a simple separability of attributes, however. Many urban economsts

would argue, for example, that the price of housing and indeed the

relative price of various attributes changes with distance from the work-

place and shopping centers. But this means that C{x) must be written as
{2) Cl{x} = 8f(x, 8,

where t represents the location of the unit. The hedonic index for housing

cammot be separated from locatlon.1

The estimation of hedonic indices 1n effect attempts to estimate the

weights for the composite commodity of quality attributes. Of course,
if rent were determined only by housing quality, it could be used as a
direct measure of the composite housing bundle. Hedonic estimation is

used to sort out the market value of quality attributes from the effects

lIt may be useful to distinguish two different problems here.

If there 1s a price gradient along which relative prices shift, then that
gradient must be included in estimating the hedonic index. This is a
market cost descriptor. In addition, however, the travel costs asscciated
with a particular location will vary from individual to individual,
depending cn exact work location, shopping needs, type of transport, and
so forth. As long as an individual can purchase a given amount of "travel
cost” for any housing bundle, "travel cost" can be regarded as another
commodity (part of z) and will enter the housing cost equation as g(z) in
Equation (7). In this case, the hedonic index 1s presexved. This
preservation requires, in the extreme, that every housing bundle be
avairlable at evexry location {or, more exactly, that every relevant bundle
be available at any given travel tame from relevant work and shopping
centers) .
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of indivadual shopping behavior, tenure conditions, and other nongualaity

factors, as well as the effects of price changes over time.

In addition, hedonic i1ndices can be used to compare housing in different
markets with different housing price structures. The compeosate rationale |
depends cratically on the assumption that the relative attribute weights
in the hedonic regression are fixed. Yet these weights will differ over
time, between cities, and across submarkets withan citlies if the attribute
cost functiron differs. If attribute costs only differ proportionally,_l
then the conposite commodity i1s of course maintained. .The original
weights can be used i1n both situations. This in effect simply adjusts

for differences in the price level between the two times, cities, or
submarkets, If the relative weichts change, the composite commodity
changes as well and can no longer be directly compared with the original

composite; the two are not totally unrelated, however.

The problem of comparing housing composites across different markets

with different attribute weights 1s essentially the same as the problem
cf constructing price indices. A price index 1s simply a deflator that
attempts to scale the overzll composite commodity so that it 1s comparable
to income under some set of base prices. The properties of such indices

are well known and apply directly to comparison of housing bundles.

Assume that nornhousing goods are fixed. The individual then selects
housing attributes to maximize U(x,z}--the conditional housing index
of Equation (l)=-=-gubject to the constraint that housing expenditures,
C(x) , must be less than income net of nonhousing expenditures, §.2
Under reasonably general conditions this defines the housing index as a

function of costs and expenditures by

lAs discussed in Chapter 2, the resulting 1ndex for any given time
period may be formed eirther by using the estimated hedonic functicon, excluding
nonquality factors, or by using the estimated coefficients for nonquality
factors to adjust rent. The choice of approach depends on whether the
residual from the hedonic estimates is thought of as omitted housing
attributes or as omitted nonquality factors. IndexXing over time would
require that adjusted rent be further adjusted for anflatiom.

2An unceonditional index can be defined if the preference ordering
1s separable, as in Eguation (2). PFor further discussion 1n terms of
Price 1ndices, see Pollack (1976).
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(10) g(C,y) = Max Ulx,z)s.t. C(x) < ¥,
{=}

where v 1s income net of nonhousing expenditures. The indirect utility

function, @, is homogensous of degree zero (since proportional shifts in
C and y leave the feasible set of x unchanged), so that @ can be written

[gig ; —X——-C(l}] But y/C(1) 1s simply ‘the composite commodity that indexes

U{x;%2) , given the cost structure C.

Alternatively, given any cost structure, Cl'
index, I, of U{x,.z-) can be defined relative to some other cost structure,

and expenditure, i;l’ an

CO’ by ’

{11) G(CO.I) = Q(Clnyl) .

If the utility Ffunction, U(x,z), were known, then the index, I, could be
derived. If housing expenditures alone are known under the two-cost

satuation, 1t is clear that

(12} Co{x(Cl;YI)) > I,

since with net i1ncome Co(xl) the household could at least purchase x
and generally would not {that is, the household would achieve a higher
level of utility by purchasing some other point in the new constraint

set defined by CO) .

Thus, rf costs change over tame from CO to Cl’ the use of the base period

welghts to value housing at tl will tend_l to overvalue the housing at tl'
in terms of to costs. On the other hand, between the two cities, Phoenix
werghts will overestimate the value of Pittsburgh bundles relative to
Phoenix bundles, and Pittsburgh weights will overestimate the value of
Phoenix bundles relative to Prttsburgh bundles. Note that nothing is
said sbout the relation between real housing change in Pheoenix and the
change in an index that uses Pittsburgh weights. The Pittsburgh-based
index will overvalue both the base-pericd and second-pericd index in

Phoenlx.l Thus, there is no apparent way te bound the absolute c¢hange 1n

lECODDmlStS wi1ll recognize these as the standard results of price
index theory, except that the results posed for hedonic indices refer to
the nonlinear composite commodity, C(x)/C{1). That is, values are taken
from the cost function and not from marginal prices. It is apparent that
the revealed preference derivation of these propositions applies to non-
linear as well as to linear cost functions. See Samuelson (1947}, pp. 141-163.
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Phoenix by using Pittsburgh's weights. However, since the hedonic index
has an arbitrary scale {dollars), this may not be too great a loss.

Percentage changes using each city's own weights are directly comparable.

The same problem applies to submarkets within a city. An index based on
one submarket will overvalue the other. Further, changes in an index
based on one svbmarket have an unknown relation to changes in the true

index for other submarkets.

Tt 1s worth noting that submarkets may pose no problem at all in some
cases. If, for example, the cost structure of attributes 1s quite
different for multifamily and single family units, such interactions

may be incorporated directly into the estimated hedonic regression. 2as
long as individuals have egual access to both types of units, the overall
corposite commodity can include the choice of building type and the resultant
shift in attribute wercghts within that type. A problem arises only
when households do not have egual access to different submarkets. Thus
submarkets marintained by racial discrimination or by different concen—
trations of employment opportunities for dxfferent types of households

can 1n theory pose serious problems.l

Nothing can be done abhcut these problems without attempting to develop
estimates of the utility function, eXcept to point cut that the index
1s only approximate under these circumstances, and then to assess the
extent to whach nonproportional differences actually exist 1n the cost

structure over time, between cities, or among submarkets within cities.

llelted access may not simply reflect barriers to specific
locaticns. It may also reflect the absence of certain housing combinations.
The composite commedity rationale implicitly assumes a certain continuity
in the avarlable combinations of attributes. But this may not apply to
heusing markets. Thus, the good schools of the suburbs may be unavailable
to a peor household because they only come packaged with large houses and
two-acre lots. Such discontinuities, 1Lf they exist, could force people
to corner solutiong (that is, to situvations where the shadow costs are
drfferent from the shadow costs in the available space). In this case,
the hedeonic composite commodity 1s reduced to a price index (sdnce
the "real" shadow costs are shifting as individuals move from internal
to corner solutions).
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I.2 FURTHER CONSIDERATIONS IN THE USE OF HEDONIC INDICES

The previous section presented a rationale for hedonic indices in terms
of the notion of composite commodities. Hedonic regressions were
essentially regarded as estimating theccurrent market cost of bundles of
housing attributes; standard price index theory was then used to develop
measures of real housing from this market cost function.1 This section
reviews some recent literature that has helped remove various miscon-—
ceptions about what hedonic cost functions do and, in particular, do not

il

mean.

Many empirical analyses that use the hedonic technique give as theoretacal
support either Lancaster's (1966) or Muth's (1969) model of household
production. The essence of this approach has been summarized by Lancaster
(1966) as follows:

The good [commodity], per se, does not give utility to the

consumer; 1t possesses characteristics or attributes, and
these attributses give rise to utailaty.

In general, a good possesses more than one attribute,
and many attributes are shared by more than one good.

Goods 1n conbination nay possess attributes different

from those pertaining to goods separately.
In Lancaster’s model, consumers maximize utility in texrms of attributes,
U{X}, subject to the cost constraint, C{x)<y. The cost function, C{x},

15 Qefined by

{13) C(x} = Min p’t s.t. x > Qt,
t —
{t}
where X = a vector of attributes

t = a vecteor of commodities
p_=a vector of commodity prices

2,

the amount of the 1%h attribute in the jth

commodity.

Lancaster's major concern has been to analyze consumer decisions and to

1
This seems to be in the spirit of Adelman and Griliches (1971),
Griliches (1971), and Triplett (1971), thouch details differ.
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assess the degree of complementarity or substitutabiliiy among goods on

1
the basis of their shared attributes.

Much of the recent literature has been devoted to developing a better
understanding of the attribute-commodity model and its implications for
hedonic indices. Thus, for example, Imcas {(1975), Muellbauer (1974),

and Murray (forthcoming) explore conditions on preferences and attribute-
commodity mappings that allow estimation of subindices for commodity
groups such as housing and food. Likewise, Lucas (1975) and Rosen (1974}
begin to develop insight about why there are more commcdities than

attributes and what this suggests about the attraibute cost function.

In terms of hedonic indices, the discussions in the literature seem to

have centered on three points:

First, hedonic cost functions generally do not identify
either underlying tastes or supply functions, any more
than deo current commodity prices (Lucas, Rosen, Kain, and
Quigley) .

Second, hedonic price indices are no less subject to
aggregation praoblems than are commod:ity price indices
{Lmcas, Muellbauer).

Third, nonlinearity of hedonic cost functions presents

some special problems, particularly when marginal costs

are treated as 1f they were market prices (Lucas,

Muellbaver, Murray).
Each of these points as discussed briefly below, first, in the context
of the classical budget constraint (a linear function of market prices),

and second, with reference to the special features of hedonic indlces.2

In an earlier article, Irma Adelman and Zvi Griliches also
descrabed the theoretical foundations ¢f the hedonic approach in terms of
a household production model, along the lines developed by Lancaster
{Adelman and Griliches, 1961},

2It 13 not completely clear why these pcoints were ever in dispute.
They seem to be worth recapitulating, however, since the literature on
hedonic indices usually starts in medias res and does not draw out the
connection between hedonic indices and other price indices.
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In classical theory, consumers maximize a utility function, U(x), subject

to a budget constraint, p‘xgy. Consumers range themselves across the
budget constraint due to varrations in taste or income, and the cbsex-
vation that each consumer has an indifference curve tangent to the budget
line at his or her consumption point provides only lamited information

about the structure of the entire indifference surface.

As cne would expect, the same 15 true of hedonic cost functions (Rosen,
1974). In particular, although nonlinear cost functions provide a
variety of marginal costs (tangent lines), this does not provide any
more 1nformation than the faxed-marginal-cost linear budget constraint
about consumers' indifference surfaces. Observations do not represent
a set of altermative outcomes under drfferent prices, since consumers
face the cost function, rather than the planes tangent to it, as a con~
straint. Thus, for example, 1f individual tastegs are all the same,
individuals with defferent incomes may face different marginal prices,
but obserwvations of consumption under these different marginal prices
give no more information zbout tastes than do observations of consumption

r

under faixed marginal prices.

Likewise, obgservation of current market prices giwes information only

on the tangent line to the production surface at one point, and then only
under appropriate equilibrium conditions. Similarly, observation of
attribute costs gives an enveliope of tangents for the given overall

level of attrabute production (Rosen, Lucas). Thus, although the attribute
cost function provides information on the market cost of a variety of

attribute bundles for a given level of owverall attribute production,

1As with the linear budget constraint, under appropriate assumpticns

about ftastes, wvarrations in consumptilon patterns across income groups
provide information on the expansion path for attribute consumption.
Indeed, grven appropriate concavity {(from below) for the iso-cost
functions, these demand properties may be analyzed in terms of income and
the '"prices” given by the tangent plane at the point of conswmption.

2The really interesting problem is reflected in variations of
consumption among individuals with the same i1ncome, refilecting variations
in tastes. This leads to questions about the extent to which production
tends to concentrate on a limted set of alternative bundles (see Rosen).
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this information generally does net identify costs under a drfferent

overall level of attribute production.

This point may be most easily seen in Lucas (1975). Assume that there

are more commodities than attributes and that each commodity contains

a fixed level of attributes per unit. Then, in general, the solution

for the attribute cost function, defined by Eguation (13) abowe, will
vield a set of convex (from above} plecewise linear iso—-cost curves for
attributes. However, Af market demand shifts so that the overall con-
sugption of commodities 1s shifted, then there will generally be a_new
set of commodity prices, P+ and a new attribute cost function. In

short, the attribute cost function has no more content than current market

clearing prices for commedities.

Given unified markets, however, attribute costs may be expected to be the
same from place to place, as long as commodity costs are also the same,
markets are in equilibxrium, and attributes are appropriately defined.
Appropriate definition means in this case that the attribute content of
commodities does not change. If, for example, an attribute 1s defined
1n terms of adequate air-conditioning or internal climate contrel, this
definition 1s likely to involve gquite different commodities in Pittsburgh
and Phoenlix, or even between the central city and rural-suburban areas

of a given metropolitan area.

Apart from this, there 1s reason to believe that housing markets may be
guite segmented both within and among different areas. First, the housing
stock is extremely durable; given this dJurability and the high cost of
transforming many attributes of the housing bundles, substantial
heterogeneity of supply 1s likely. Thus market clearing prices for
housing and housing attributes may vary from long~run equilibrium (and

hence from place to place} over long periods. *

Second, neighborhood amenities and public services are produced collec-
tively, not competrtively, and, like housing stock, they are not easily
alterable in the short run. To the extent that households must choose
from among a fainite set of discrete attribute bundles, correlations be-
tween avatrlable housing attribute bundles and public services will mean

that the "market" prices of unit attraibutes and public services will be
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detexrmined jointly. In this case, unit attribute prices may vary from

place to place and over time with variations in the association between

unit types and public services.

Third, the housing market may be substant:rally segmented in ways that
prevent the achieverent of any unified long-run equrlibrium position.
For example, limited household mobrlity due to place attachment, strong
ethnic ties, or racial discrimination may effectively divide a market
into distinct submarkets. In the long run, each submarket nﬁéht move
toward a common equilibrium set of production costs; in the short run,

however, market clearing prices may vary across submarkets.

The notion of locatlonal variation in attraibute prices is simmlar to the
concept of quasi-rents, as discussed by Kain and Quigley (1975). OQuasi-

rents are formally described by:

bk 3= 1...m,

o

»

= + -+ =+ Feve
{14) Rj (Pl rlj)klj (1?2 r2]}k2j + (Pn-l-r

where th
= housing price at the j location

P. = supply price of 1 attribute 1fF 1t 15 currently being

1 produced, or market price at the least-cost location
1f 1t 18 not currently being produced
ri3 = quasi-rent for the ith attribute at the 3th location
le = guantity of 1th attribute at the jth location.

The implicit price of each attribute consists of two components—-the
market value of each component, and the spatial quasi-rent for each
attribute at the 1th location. The guasi-rents may be negative (for
example, due to a decline in demand for the attribute after which the
stock may not be profitably transformed}, oxr positive {for example, due
to a supply constraint, a spatial difference in production costs, or the

presence of housing attributes that are not supplied by competitive firms).

The 1ssue becomes more complex when joint costs are introduced, 1In
principle, jointness can be handled by interactions between attribute
prices and quasi-rents. Ultimately, however, this procedure leads to
the definition of discrete housing types by specific values Ffor only

a few attributes. If many attribute types are considered, this analysis

becomes unwieldy. ¥For example, using 120 different rental bundle types
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and 12 neighborhood types, Apgar and Kain (1973) estimated 1,440 (12 x 1200

different bundle prices.l

In summary, the hedonic cost function essentially provides no more informa-
tion about tastes or production costs than does the set of commodity
clearing prices. Hedonic cost functions for housing may be expected o

be stable over time and from place to place to the extent that attributes
are defined sc that therr commodity content 1s constant, and to the

axtent that the commodity prices 1n possibly segmented markets dominated

by a substantial fixed stock do not vary from market to market.

The second price index 1ssue involves the construction of aggregate
indices. This issue does not arise in the application of hedonic indices
within the Demand Experiment, since the housing index is computed for
each individual; nevertheless, i1t is worth commenting on. The problem
of aggregation 1s not peculiar to hedonic indices. Say, for example,
that every indivadual receives a 10 percent increase in real income, and
at the same time the price of some commodity (say meat) rises 10 percent
(all other prices constant). It should be evident that the percentage
increase in a hongehold’s real income (or alternatively, the true price
index) will vary depending (approximately) on the share of income that
the household spends on meat. Furthermore, 1f the budget share of meat
1s related to income or to other demographic varrables, then different
indices will apply to these groups. The use of hedonic indices does

not change this situation (Muellbauer, 1974).

In addrtron, as discussed earlier, the hedonic cost function may be, and
often 135, estimated as a nonlinear form. Thls poses no special problems

in computing individual indrces: the ILespeyres index is simply computed

1If the hedonic form is misspecified, however, differences in

estimated coefficients may reflect misspecification rather than the
absence of long-run eguilibrium. This point 15 emphasized by Muellbauer
(1974) and Murray (forthcoming). Thus findings of price differences
between black and white nexighborhoods may reflect a misspecified market
cost function rather than actual cost differences. This problem suggests
that price differences must be tested for comparable bundles 1n order to
establish discrimnatory prices. BAs discussed 1n Section 1, however, the
ultimate i1ssue 15 access to different submarkets. Thus another approach
to the effects of discrimination 1s to investigate the extent to which
the range of accessible housing attrmbute bundles 1s limted for racial
or ethnic minocrxities (see Merrill, 1976).
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using the base period cost function. Likewise, an aggregate index may

be computed by using mean attribute consumption (subject to the reser-

vation that this applies only to households that consume the mean bundle).

Adelman and Griliches {1961) propose another index, based on marginal
costs. If the attribute cost function is homogeneous of degree one in
attributes, then the sum of the attributes, weighted by their marginal
costs, will of course be the cost of the attributes (Muellbauer).l This
iz amportant te GHP deflaters when the production surface is not known,
and when information is available only on product levels and marginal
costs {prices) at a specific point. As Rosen polints out, however, there
18 no reason to believe that the attribute cost Function is homogeneous
of degree one. It is true that the individual can {supposedly) buy

rore commodity units at fixed prices, so that some definition of attributes
must exist for which the cost function 1s homogeneous. O©On the other hand,
thas definition 18 not necessarily the one used. As Rosen (1974}

Ppoints out, two six-foot cars do not make a twelve-foot car {nor do

two 150-square~foot rooms make a 300-gsquare-foot room) .

In ecnclusion, the present analysis 1s concerned with using hedonic regres-
sicns to derive estimates of housing quality. Evaluaticon of this parti-
cular use of hedonic equations rests on the abilaity to interpret the
estimated coefficient in some consistent manner. The discussion above
indacates that estimated coefficients are not likely to identify consumer
preferences or underlying supply costs. A consumer preference or supply
cost interpretation is not required, however, As long as the coefficients
are reasonable approxamations of the current market cost structure, the
hedonic approach will provide consistent estimates of quality. If
attribute prices vary widely in different submarkets, however, consistent
interpretation of coefficients from a market-wide regression is apen to

guestion,

i . . \
This is a basic property of homcgeneous functions of the first
degree (Euler's Theorem).
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APPENDIX II
ESTIMATED HEDONIC EQUATIONS

Appendaix II lists the hedonic equations for the common site variables; for
submarkets, including central city and suburbs, white and minority submarkets,
and for white and minority household subsamples; and for control households

at enrollment and two years. These equations are discussed in Chapter 4.
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Table II-1

PITTSRURGH LINEAR ZQUATIONW COMMON SITE VARIABLES

2% = 0.580 7= 0576 F =122 908 H= 1,618
VARIABLE DESCRIPTION COEFFICIENT t=-STATISTIC
Length of res:dence (natural log) -4.,732 2.555
Tenure Related to landlord {0,1) -11.491 5.424
Charac-
teristics Humber of landlord contacts for maintenance 1.172 2,959
thumber of personsg per room 6.914 4.063
Araea per room (natural log) 19,497 6,231
Total number of rcoms {includes Xitchen &
bath) {nratural leog) §3 452 27.878
Building age (years; -0.251 5.110
Dishwasher and/or disposal provided (0,1) 11.042 4,472
2dequate light and ventilaticn {0,1) 3.615 3.094
Dwalling Average surface and structural gquality
Unit (4 point scale) , 11.741 6.371
Features
Parking facilit:ies provided {(Q,1) 8.614 5.426
Large multifamily structure (0,1} 10.298 5,182
Recent 1nterior painting and papering {0,1) 7.433 4,107
Many higk quality features {0,1) 14.500 4.975
Fresence of pruvate yard (C,1) 1.903 1 582
Median income of censuys tract {dollarsg) Q.,002 6,445
Neaghborhood Cualirty of block face landscapang
Features {4 poant scale) 4.502 7.028
Quality of adult recreation facilities 17.176 B.985

CONSTANT -133.064

SAMPLE All enrolied houscholds, excluding those that moved between the Baseline Interview and
enrellment, tnose with extreme values for residuals, and those livang in a neighborkood waith fewer than
five enrciled households

DATA SOURCES. Baseline Interview, Inatial Household Report Form, Housing Evaluation Form, 1970 Census
of Population. -~
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Table II=2

FITTSBURGH SEMILCG EQUATLOM  COMMOY! SITE VARIABLES

2 -2
R = 0 821 R = 0 816 113 539 N = 1,517
VARIABLE CESCRIPTION COEFFICTIEWT E-STRTISTIC
Length of residence (natural log) - 044 10 020
Tenure Related to landlord (0,1) - 105 5.57S
Charag-
texistics Numbeyx of landlord contacts for maintenance .012 3.296
Number of persons per rocm .0B3 5.602
Area per room {(matural log) - 189 5.808
Total number of roans (includes kitchen &
bath] {natural log) 959 32.354
Building age (years) ~.002 3 935
Dishwasher and/or disposal prowvided (0,1) 032 2 382
Adequate light and ventilation (0,1) .025 2.422
Average surface and structural cuality
{4 point scalel 087 5 170
Parking facilities provided ({0,1) 058 4 144
Dwelling
Unit Large multifamily structure {0,1) 062 3 954
Features
Recent interlor painting or papering (0,1) 050 3.129
Many high ¢uality features (0,1) 071 2.73L
Presence of private yard (0,1) W/a H/A
Temperature contral- central heat or air-
cenditionang {0,1) .018 1.493
Inferior or no heat {3,1) - 090 6,087
Presence of adequate <eiling heaght (0,1} 044 2 598
Adeguate plumbing present and working (0,1) .020 1.444
Stove and refrigerator provaded (0,1] .103 5.911
Median ipcome of census tract {(dolliars} Q 4 966
ouality of block face landscaping {4 point
Neighborhosd scala) 030 5 163
reatures Quality of adult regreation facilities 146 7 611
Distance from Central Business Distriet
{m1les) =-.002 1.104
CONSTANT 2.304
SAMPLE

All enrclled housenclds, excluding those that moved between the Baseline Interview and

encollment, tnose with extreme values for residuals, and those laving an g neirghborhoed with fewer than five
enralled households.

DATA SOQURCES
of Population

Bageline Intexrview, Initlal Household Report Form, Housing Evaluation Form, 1970 Census




Table TI=3
PHOENIX LINEAR EQUATION CONMON SITE VARIABLES

&% = 0 771 B = 0.768 F= 296.502 n = 1,607
VARIABLE DESCRIPTION COEFFICIENT £=-STATISTIC
Length of residence (rnatural log) -7 556 12.782
Tenure Related to landloxd (0,1} -15.886 6.506
Charac-
teristLes Humber of landlord contazts for maintenance 1.540 1.7z29
Number of persons per room 7 018 5.232
hrea per room (natural log} 38.143 12.804
Total number of rooms {includes kitchen &
kath) (nateral log) 77.%40 32.667
Building age [yeaxs) -0.304 5 283
Dishwasher and/or disposal provided (0,1) 11.000 5,825
Adequate light and ventilation (0,1) 7.720 6.020
Dwelling Average surface and structural guality
Unat (4 point ssale) 156.298 10.545
Features
Parking facalities provided {0,1) 5.986 4.519
Large multifamily structure (0,1} 5.963 3.764
Recent interioer parnting and papering (0,1} 3.382 2.322
Many baigh qualaty features (0,1} 5.860 3.373
Presence of praivate vard {0,1L)} 1,915 1.504
Median income of census tract (dollars) 0.003 7.418
Neighborhood Quality of block face landscaping
Features (4 poant gecale) 2 943 4 098
Qualaity of adult recreation facilities 11.937 4,941
CONSTANT -241,526

SAMPLE: All envolled households, excluding those that moved between the Baseline Interview and
enrollment, thoge with extreme values for residuals, and those living in & neighborhood with fewer than
five enrcolled houscsholds.

DATA SOQURCES: Baseline Interview, Initial Household Report Form, Housing Evaluation Form, 1970 Census
of population
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Table I1I-4
PHOENIX SEMILOG EQUATION COMMCM SITE VARIABLES

®% = 0.786 R = 0782 F= 252.036 N = 1,607
VARTARLE DESCRIBTION CQEFFICLENT t«STATISTIC
Length of residence (natural logl - 061 12.754
Tenure Related to landlord {0,1) -.132 6.769
Charac—
teristics Number of landlord centacts for maintenance 017 5.158
Number of persons per room 063 5.858
Area per rocm (natural log) .321 13.045
Total number of rocms (1ncludes katchen &
bath) {(natural log) .B76 34.776
Building age {years) - 002 5.659
Dashwasher and/or disposal provided (0,1) L033 2.183
Adequate light and ventilaticn (3,1} .02D 2.827
Average surface and stxuctural quality
{4 point scale) 127 9 205
Parkang facilities provided (0,1) 237 3.505
Dwelling
Unit Lapge meltafamily structure (0,1) 030 2.030
Features
Recent interior painting or papering (C,1) G20 1.718
Hany hagh quality features (0,1} 021 1.2456
Presenca of private yaxd (0,1) WAR N/A
Temperaturs control. central heat or air-
condatianing {0,1) 060 4.426
Infarior oY ne heat (0,1) -,038 2.850
Fresence of adeguate cailing height (0,1} 023 1.416
Adequate plumbing present and working {0,1) 023 1.738
Stove and refrigerator provided ([0,1) 018 1.845
Median ineame of census tract {dollars) 0 &.457
Puality of block face landscaping (4 point
Neighborhood scale) .019 3.321
Features Quality of adult recreation facirlities .83 4,244
Distance from Central Business District
mrles) -.004 3.152
CONSTANT i1.718

SAMPEE- All enrclled households, excludaing those that moved between the Baseline Interview and
enroliment, those with extreme values for residuals, and those laiving 1n 2 neighborhood with fewer than
five enrclled households,

DAT2 SQURCES Baseline Interview, Inatial Household Report Ferxm, Heusing Evaluation Form, 1970
Census of Population.
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Tabls IX-5
POOLED SAMPLE SEMILOG INTERACTION EQUATION- COMMON SITE VARIABLES

Rz = 0.734 R2 = 0,730 F = 187 473 N = 3,245
VARILABLE DESCRIPTION CORFFICIENT t-STAPISTIC
Length of residence (natural log) - 044 10 473
E:i:;:- Related to landlord (0.1} - 103 5 650
* Number of landlord contacts for maintenance 012 3.536
terrstics yumber of persons per room o1 5.792
Area per room (natural leg) 120 ? 056
Total rmumber of recms {includes kitchen & bathl
(natuzral leg) 570 33.201
Bualding age {years) -.qoz2 4.169
Dishwasher and/or disposal provided {0,1) 052 2,416
ideguace ligat and ventilation (0,1} Q26 2.570
Dwallinyg Average surface and structural cqualaity {4 poaint scale) 083 5.054
Unit Parking facilitles provided (0,1} oss 4265
Faatures Large sultifamily structure {0,1) 063 4.160
Recent Lnterior paintang or papering (G,1) 054 3.484
Many nigh gquality features (0,1} o7l 2 788
Temperature control central heat or air-
copdrtioning (G,L) ols 1673
Inferror or no heat (0,1) - 090 &.296
Presance of aderuate ceiling height (0,1) -051 3.126
Adetuate plumbing present 4ind working (0,1} 022 1 570
Stove and refrigerator provided (0,1) 100 5 804
Median income of censas tract {dollars) Q 4 859
Neighborhood guality of olock face landscaping (4 point scale) 02¢ 5.114
Features Quality of adult recreation facilities 141 7.829
Distance fram the Central Business Distract (miles) -.001 0.840
, Interaction, length of residence {patural log} x
Interacticn, Phoanix ~.087 2.599
TERUTS Interaction, related to landlerd x Phoenmix {0,1) - 030 1.119
Sharacteristics Interagction, number of contacts for maintenance X
Phoenix s l1]3 1.019
Interactien, number of perscns per room x Phoenx - 021 117z
Interaction, area per roanm (patural log) x Phoenix 131 3.525
Interacticn, total number of rooms (includes xitchen
and Yath) (natural log} x Phosnix 107 4.059
Interacticn. buildang age {years} x Phoenix - 001 1.384
Interaczion, dishwaster and/or disposal provided z
Phoenix (0,1) - 018 0.694
Interaction, adeguate light and wventilation x Phoenlx
{0,1) 003 0 o212
iIntcraceion, average surface and structural squality
Interaction, {4 soint scale} x Fheoenix 44 2.020
Dwelling Intecracrion, parking facilities provided x Phoeniy - 021 1.310
Unic Interaction, large sultifamiiy structuze x Fhoenix
Features . {0,1) - 034 L.S66
! Imteraction, recent interior Daintlng ©r papering x
1 *hoenix (0J,1) - 034 1.744
! Imteraction, many high quality features x Phoenix (0,1) - QS0 L.815
Interaction, temperaturs control. central heat or
arr-conditioning x Phoenix (0,1 041 2.264
interaction, wnferacr or 1o heat « Phoenix (0,1} G52 2.611
Inueraction, presence of adeguate ceiling height x
Phoenix (0,1) -.027 1 171
Interaction, adequate plumbing present and working
X Phoeniy 003 152
Intéraction, stove and refrigeratcr provided x Phoenix
12,1} - OBL 3 952
Interaction, median income oF census cract (dellars
X Phoenix 0 0.392
interaction, Interaction, quality of bleck face landscaping
He1ghborhood (4 point scale) X Phoenlx - J10 1.204
Peatures Interaction, quality of adult recreatien facilities
% Fhoentx - 058 2.138
Interaction, distance from the Central Business
District (miles) X Zhoenix - 002 1.296
CONSTRNT 2.307

SAMPLE  all enrolled bouseholds, excluding rhose that moved between the Bageline Interview and
snrollment, those with extreme values for residuals, and those living in a neighborhood with fewer
fave enrolled households

OATR SGURCES  Baseline Interview, Iartial Yousehold Report Form, Housang Evaluation Porm, 1970
Cansus of Population.
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Takle II-&

CENTRAL CITY LINEAR EQUATION PITTSBURGH

2 =2

R = 0 638 R™ = 0 822 F = 43.077 W = 820
VARIABLE DESCRIPTION COEFFICIENT t-STATISTIC
Related to landlord (0,1} =-7.893 2.90%9
Length of residence ({exponential functiaon} ~14.893 B.136
z::::ztem.sncs Landlerd lives 1n the bualding (0,1 -4,060 1.787
Number of persons per room 7172 3.858
Nember of landlord contacts for maintenance 0.822 1.751
Lrea per room {natural log] 15.733 4.026
Total number of rooms (inciudes katchen & bath)
{natural log) 58.638 22.384
Building age {years) -0 156 2,507
Stove and refrigerator provided (0,1} 13.298 5.143
Inferyor or no heat (0,1} -5.975 3570
Garage provaded (0,1) 16.073 4,909
Offatreet parking provided (0,1) =L 467 0.510
Quearzll evaluator rating (4 poant scalse) 4 613 3.425
bDighwasher and/or disposal provided {0,1) 9.650 2 916
Dwelling Recent winterior painting or papering (9,1} 5.321 2.361
gz;zues Many high quality features (0,1) 10.742 2.727
Poor wall and ceiling surface {(factor score) -1.045% 1.412
Poor window condrtion (factor score) ~).386 1.870
Poor bathroom wall and ceiling surface (factor
score) -2 224 3.467
High gqualaty kitchen (0,1} 4,876 1.6%7
Presence of adequate exits (0,1) 5.003 1.980
Alr-conditioning present (0,1} 1.525 0.662
Presence of adeguate ceiling height (0,1) 2.263 Q0 984
Adequate Kitchen facilities present (0,1) 5.420 0.696
Large msltifamily structure (0,1} 6.278 2 897 .
Good recreational facilitres and access {factor
seore) 2.609 2.423
Traffic ard litter problems (factor s¢ore} ~0.282 0.279
Problems with exise and public services (factor
Naighborhood score)} -1.313 1.604
Features Census tracts with higher priced units and
higher socloeconomic status (factor scora) 3 214 3,253
Hopminor ity census tracts with higher socio—
economre status {(factor score) 3.856 4,402
Blue collar workers and nonminority rasidents
1n census tracts {factor scores) -2.972 4,527
High quality block face {0,1) 4.478 2.778
CONSTANT -81.289
SAMPLE  All enrclled houscholds, excluding those that moved between the Paseline Interview and

enrollment, those with extreme values for residuals, apd these living 1n a neighborhood with fewer than
five enrolled nouseholds.

DATA SCURCES

Census of Populataon.
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Table II-7
CENTRAL CITY SEMILOG EQUATION: PITTSEURGH

8 = 0 646 R% = o 631 F = 41 206 ¥ =813
VARIABLE DESCRIPTION COEFFICIENT £-STATIETIC
Related to landlord (0,1} - 071 2.836
Length of residence {exponential function) -.144 - 8.539
Z;g;::terlstxcs Landlord lives in cthe building {0,1) -.042 2,000
Mumber of persOns per roeom .085 4.330
Numtber of lamdlord contacts for marntenance 010 2.154
Area per room (natural log) 142 3.900
Total number of rooms {includes kitchen & bath)
{natural log) 562 22 520
Buxlding age (years) ~.00L 2.402
Stove and refrigerator provaded {0,1) 114 4,708
Inferior or no heat {(0,1) - 062 3.978
Garage pravided (0,1] L0896 2.150
Offstreeat parkang provided (0.1) ¢ o
Cverall evaluator raraing {4 point scale} 049 3.928
Dishwasher and/or disposal provided (0,1) .63 2.072
Dwelling Recent 1nterlcr palpting or papering {0,1) .043 2.052
g:::uxes Many high qual:ty features (0,13 L0585 1.518
Poor wall and cexling surface {factor score) -, 012 1.705
Foor window condation (facter score) -.Q09 1.341
Poor bathroom wall and ceiling surface
{factor score) -.020 3.416
High quality kitchen (0,1) 028 1.052
Presence of adequate exits (0,1) .052 2.224
Arr~conditioning present (0,1} .021 1.008
Presence of adeguate cailing height (0,1} L0268 1.208
Adequate kitchen facil:ties presaent (0,1) 142 1.964
Large multafamily structuzre (0,1) 064 2,927
Working condition of plumbing (5 point scale) .006 0.823
Presence of praivate vard (0,1) 021 1.530
Good recreational facilities and access
{factor score) 022 2.228
Traffrc and litter problems {factor sceore) -~.003 0.338
Problems with craume and public services
Heighborheod {factor score) -.016 2.105
Features Census tracts with higher priced units and
hyigher sociceconemic status (factor score} .025 2,780
Meonminer ity census tracts with higher socio-
ecopomic status (facter score) .03 3.682
Blua collar workers and nonmanority resrdents
in census tract {factor score} -.028 4.577
High cuality block face (0,1) .35 1.346
CONSTANT 2.734

SAMPLE: All enrolled households, excluding those that moved between the Basel:ine Interview and
entoliment, those with extreme values for residuals, and those living in & neighborhood with fewer than
five enrclled households,

DATA SOURCES. Bageline Interview, Initial Household Report Porm, Housing Evaluaticn Form, 1970
Census of Population.
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Table II-8

SUBURES LINEAR EQUATION- PITTSBURGE
R = 0 678 " = 0.664 F = 49.171 N = 779
VARIADLE DESCRIPTION COEFPICIENT t=STATISTIC
Related to landlerd (0,1) -15.574 5.483
Length of residence (exponential function) -15.938 7.800
g::::Zterxstxcs Landlord lives in the building (0,1} -5.764 2.578
Number of persons per root 8.054 3.487
Number of landlord contacts for maintenance 1.31e 2,195
Axea per room (natural log) 22.393 5.052
Total number of rooms {includes kitchen & bath)
{natural log) 61.716 17.210
Building age (years) =-0.27L 4,024
Stove and refrigerator provided {(0,1) 15 572 5.295
Inferior or oo heat (0,1} ~9.481 4 184
Garage provided (0,1) 13.097 4,776
Offstreet parking provided [(0,1) 4,588 1.943
Overall evaluator rating (4 point scale) 5.605 3.7112
Dashwasher and/or disposal provided (0,1} 7.983 2.460
Dwelling Recent interilor painting or papering (0.1} 7 595 3.072
gg;zures Many high quality features (0,1) 8 &72 2.299
Poor wall and cerling surface (factor score) -2.240 2,851
Pocr wandow condation (factor score) -3.089 3.800
Poor bathroom wall and cealing surface {factor
score) -0.672 0.883
High quality Xitchen {0,1) 5.0%0 1.912
rresence of adequate exits (0,1) 4.287 1.454
Aair-conditioning present (CG,1) 4.425 1.845
Presence Of adegquate ceiling hexrght {0,1) 4.263 1.578
adegquate Kitchen facilitres present (0,1) 7.781 0.9:39
Large multifamily structure {0,1) 0.379 a 155
Good recreational facilities and access (factor
score) 2.290 2.905
Traffic and litter problems (fFactor scora) -1.850 2.238
Problems with crime and public services (factor
Hezghborhood seoxe) ~-1.603 1.726
Features Census twacts with higher praced units and
sociceconomic status (factor score) 3.5801 3 910
Konminorlty census tracts with higher socio-
econcmic status (facter score) 3,800 3,372
Blue c¢ollar workers and momminority residents
in census tract (factoer score) ~3.642 3.488
High qualaty block face (0,1) 5.461 3.318
CONSTANT -117.032

SAMFLE:

4ll enrciled households, evcluding those that moved hetween the Baseline Interview

2nd enrollment, those with extreme values for residuals, and those living xn a neighborhocd with
fewer than five enrclled households.

DATA SOURCEZS. Baseline Interview, Initial Household Report Form, Housing Evaluaticon Form,
1970 Census of Population.




Table II-9
SUBURBS SEMILOG EQUATION PLTTSBURGH

%2 = 0.686 R = 0671 F = 41.119 N = 770
VARIABLE DESCRIFTION CQEFFICIENT t-STATISTIC
Related to landlord (0.1) - 132 5.255
Length of residence (exponential functaon) -.145 8.079
z:::::te:13t1CS Landlord lives in the building (0,1 - 094 4.069
wumber of persons per room . 087 4.310
Number of landlord contacts for marntenance -0L4 2.591
Area per room {(matural log) .186 4,744
Total number of rooms {includes kitchen & bath)
{natural log) .565 17.354
Suilding age {(years) -.goz2 3.019
Stove and refrigerator provided (0,1} 093 3.819
Inferior or no heat (0,1) -.108 5.447
Garage provided (0,1} .85 3.493
Offstreet parking provaded (C,1) 031 1.448
Gverall evaluator rating {4 point scale) 055 4.110
Cishwasher and/or disposal provided (0.1} 046 1 626
Dwelling Recent interier painting or papering (0,1} 063 2.891
gg;zures Many high guality features (0,1) 031 G952
Poor wall and ceiling surface (facter score) -.025 3.638
Poor window cendition (factor score) -.027 3.744
Poor bathroom wall and ceiling surface
factoxr seore) -.002 0.375
High qualaty kitchen (D,1) 032 i.3s|2
Presence of adequate exits {0,1) .044 1.711
Air-conditioning present (0,12 .032 1.516
Prasence of adequate ceirling heaght (0,1} 045 1.807
Adeguate xitchen facilities present (0,1} L091 1.211
Large tultafamily structure (0,1} .018 0,810
Working condition of plumbing (5 point scale) 009 1.138
Presence of pravate yard (0,1} 010 0.703
Good recreational facilities and access
{factor score) 021 3.052
Traffic and litter problems (factox score) ~.017 2.273
roblems with crime and public services
Neighborhood {factor score) -.0L7 2.097
Features Census tracts with haghexr priced units and
hrgher socioeconomic status (factor score) Q33 4.183
Norminerity census tracts with hagher socro-
econcmic staztus (factor score) 042 4,226
Blue collar workers and nonmaneriby residents
in census tract (factor scorel -.0286 2.845
High quality block face {0,1) 042 2.922
CONSTANT 2,572

SAMPLE- All enrolled households, excluding those that moved between the Bageline Interview and
enxellment, those with extreme values for residuals, and those livaing 1n a nexghborhood with fewer than
five enrolled households.

DATA SOURCES Baseline Interview, Inmitral Heuseheld Report form, Housang Evaluation Form, 1970
Census of Populataaon
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Table II-10
CENTRAL CITY LINVEAR EQUATION. FHOENIX

R2 = ) 785 Ez = G 781 F = 181.821 N =1,217
VARIABLE DESCRIETION COQEFFICIENT t-STATISTIC
Related to landlord {0,1) -14.517 5.266
Tenure Length of residence (ewxponential fupcticn) =22.835 10.934
Characteristics Nuober of persons per room B8.602 5.717
Number of landlerd contacts Eor maintenance 1.240 2.834
Area per room (natural leg! 36.091 10.6326
Total number of rooms (ancludes kitchen & bath)
(natural lcq) 79.238 29.33¢9
Burlding age {years) -0.246 3.817
Stove or refrigerator provaded (0Q,1) 3.285 £.829
Dwelling Central heat present (0,1} 7.321 3.655
Unit Garage or carport provided {0,1) 3.959 2.761
Features Dishwasher and/or disposal provaded (0,1} 6.905 3.148
Recent inter:sr palrkting or paperang (0.1) 3 180 . 2.058
Average surface apd structural gquality (4 point
scalel 13.582 7 834
Adequate light and ventilation (0,1} 6.006 4 280
Central air-conditioning present (0,1} ?.559 3.190
Large multifamily structure {0,1) 4.171 2.012
Overall neaghborhood quality {factor scoze) 2.723 2.944
Recreational facilities (factor score} 0.333 . 0.356
Access to shoppang and parking {factor score) =-1.330 1.415
Census tracts with higher priced dwelling umts
Heighhorhood and higher socioeconomic status (factor score) 4.799 i.802
Faatures Cuwner=occupred, single-family units in <ensus ’
tract (factor score) 1.215 1.435
Poor quality housing in census tract {(factor score] -3.085 3.825
Distance from the Cenkral Busineas District (miles) 0.703 1.739
Quality of block face landscaping (4 point scale) 3,236 4.007
CONSTANT =-209.777

SAMPLE 411 enrolled housesholds, excluding those that moved between the Paselipe Interview and
enrollment, those with extreme values for resaduals, and those living in a neighborhood with fewer than
five enrolled households

DATA SOURCES Baseline Interview, Imitial Household Report Form, Housing Evalnation Form, 1970
Census of Populaticn
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Table II-11
CENTRAL CITY SEMILOG EQUATION  PHOENIX

% = 0.802 B« 0798 F = 178 672 ¥ = 1,217
VARIMABLE DESCRIPTION COEFFICIENT t=-STATISTIC
Related €0 landlerd (0,1) -,139 6.320
Tenure Length of residence {sexponential functicn} =-.196 11,848
Charactetistics Wumber of persons per room 079 6.597
Number of landlord <ontacts for maintenance 014 4,095
Area per reom (natural log) .306 11,172
Total number of rooms (includes katchen & bath)
{natoral log) 683 30,676
Bualding age{ vears) ~.002 4,641
Stove or refrigerator provided {0,1) .023 1.634
Central heat present (0,1) .029 1,788
Garage or cargort provided (0,1} .027 2.355
Dwelling Dishwasher and/or disposal provided (0,1) .027 1.597
g:;:ures .| Recent interior painting or papasring (Q,1) 021 1.738
Average surface and stridctural qualaty
{4 point scale) .123 8.118
Adequate light and ventilation (0,1) 034 3.030
Central air=-conditioning presant (0,1} 064 3,389
Large multifamyly struecture (0,1) 021 1 272
Plumbing present {0,1) .062 2.873
Inferior or ac heat (0,1) =-.016 1.094
Presence of adequate ceiling heaght (0,1} 007 0 373
Overall nerghborhood quality (factor score) .025 3.384
Recreational facilities (facter score) -008 l.134
Access to shopping and parking (factor score} -006 0.738
Census tracts with higher praced umits and -
higher sociceconomic starus (factor score) .020 2,969
Nelghomhood n concus Tract. (taceor secwe) e umEs 007 0.980
Foor quality housing in census tract (factor
secora) -.033 5.167
Dilstance from the Central Business Distract
(miles) -.001 0.354
guality of block face landscaping (4 moint 025 3.849
scale)
CONSTANT l.8385

SAMFLE. All enrclled households, excluding those that moved betwgen the Baseline Interview
and enrellment, those with extreme values for residuals, and those living in a neighborhood with
fewer than five enrolled households.

DATA SOURCES: Basgeline Interview, Inxtial Household Report Form, Housznyg Evaluation Form,
1970 Census of Population.
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Table II-12
SUBURES LINEAR EQUATION PHOENTIY

&% = 0 810 7% = 0 798 P o= 62 700 N = 377
VARIARBLE DESCRIPTICN COEFFICIENT E-3TATISTIC
Related to landlord {0,1) -15.303 3.476
Tenure Length of residence (exponential function) 22,269 5 §55
Characteristics Number of persons per rocm 4 432 1.718
Number of landlord contacts for maintenance 1.118 Y 237
Area per room (matural log} 36.833 5.982
Total number of rooms (i1ncludes kitchen & bath})
{natural log) 78 353 14.4586
Building age (years) ~-3.213 1.659
Stove or refrigeratar provaided (0,1) 8,150 2.33z2
pwelling Central heat present {(0,1) 9 338 2_381
Unit Garage or carport provided (0,1) 7.106 2,693
Features Dishwasher and/or disposal provided (0,1} 12.698 3.656
Racent interior painting or papering (0,1} =1.528 0.480
Average surface and structural qualaity (4 point
scale)l 12.165 3.808
Rdeguate lignt and vent:ilation (0,1) 7.134 2.753
Cantral air—-condationing present (0,1) 5.407 1.576
Large multifamiiy structure {0,1) 7.6348 2.126
Overall neighborhood gquality {factor score) 0.324 0.137
Recreaticnal facilitaes (factor score) 2.030 1.705
Access to shopping and parkang {factor score) 9.683 2.815
Census tracts with higher priced dwelling units
Neighhorhood and higher socloeconcmic status (factor score) 0.343 0.17%
Features Owner-occupled, sangle-family units in census
tract (factar scorel} 2.690 1.694
Poor guality housing in census tract (factor acore} -2 884 1.753
Distance from the Central Business Dlstraict {Miles} «(,342 0 724
(ualaty of block face landscaping {4 point scale) 2.115 1.445
CONSTANT -205.984

SAMPLE: Al enrolled households, excluding those that moved between the Baseline Interview and
enrollment, those with extreme values for residuals, and those living ip a neighborhced with fewer than
five enrolled households.

DATA SOURCES: Basel:ne Interview, Initial Hovsehold Report Form, HEousing Evaluation Form, 1970
Census of Population.
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Table II-13
SUBURRS SEMILCG EQUATION PHOENIX

Z =2

R™ = { g27 B = 0 813 T = §l 871 N = 377
YARIABLE DESCRIPTION COEFFICIENT £-STATISYIC
Related to landloxd (0,1} -.107 3.193
Tanure Length of residence {exponential function} -.188 6.094
Characterastics Number of persons per room -025 1.262
Number of landlord contacts for maintenance .015 2,135
Area per rocm (natural log} .314 6,513
Total numbar of roems (aincludes kaitchen & bath)
(patural log) 822 14.02¢6
Buildaing age{ y®ars) -,001 1.31s
stove or refrigerator provided {0,1) L0585 2.044
Central heat present (0,1} L0566 2.171
Garage or carport provaded (0,1} .46 2.301
Dwelling Dishwasher and/or dispesal provided (0,1) .060 2.250
gz::ures Recent interiar painting or papering (0,1} - 010 0.411
Avarage surface and structural guality
{4 point scale) 111 4_065
Adequate light and ventilation (0,1} 027 1.347
Central air-conditloning present (0,1) 024 0.774
rge multifamily scructure 9,1} .46 l.686
Plumbing present (0,1} [+1+]] 0 158
Inferior or ne heat (0,1} -.102 3.346
Presence of adequate cezling heaght (0,1} .059 2.002
Qvarall neighborhood quality (factor scored -. 005 0.406
Recreational facilities (factor score) L RE 1.199
Acceszs to shopping and parking {factor scora) 072 2.729
Census tracts with hagher priced units and
higher sociceconomic status {factor score) -.004 0.251
g::g:;hm ?nmﬁin:::uﬂzgts?ﬁi&:ﬁiﬁ?‘mumg e .016 1.308
Poor gqualaty housing in ¢ensus tract (factor
score) -.024 1.801
Distance from the Central Business Districk
{miles) L0001 0.032
Quality of block face landscaping (4 poant
scale) .017 1.480
COMSTANT 1.956

SAMPLE  All enrolled households, excluding those that moved between the Bassline Yntervaiew
and enrcllment, those with extreme values for rasiduals, and those laiving in & neighborhood with
fewer tnan five enrclied households.

DATA SOURCES: Baseline Interview, Inatial Household Report Form, Housing Evaluation Porm,
1970 Census of Population.
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Table IT-l4

GHETTO SUBMARLET LIWEAR EQUATION- PITTSBURGH

R2 = 0,870 Ez = 0 521 F= 13 703 N = 241
VARIABLE RESCRIPTION COEFFICIENT t=-STATISTIC
Related to landlord (0,1) =6.360 1.121
Length of residence {exponential function) -3.6%6 3.1z2
g;gﬁ:imnsncs Landlord lives in the buildang (0,1 -6.439 1.156
Number <f persons per room 1.982 0.619
Wumber of landlord contacts £or maintenance 1.559 - 2 250
Area per room (natural log) 16.885 2.329
Total number of rooms {includes kitchen & bhath)
{natural log) 52.196 11.129
Building age (years) -0 081 0 E6L
Stove and refrigerator provided {0,1) 15.952 3.021
Inferior or n® heat (0,1} -6.552 2.315
Garage provided (0,1) 9.062 l.822
Offstreet parking provided (0,1) 2.515 0.522
Overall evaluator rating {4 point scale) 5.2c3 2.330
Dishwasher and/er disposal provided {0Q,1) 14,232 2.254
Dwalling Recent inter:ior palnting or paperang (0,1) 11 441 2,833
g:::uxes Many high quality featuras (0,1} 18.906 2.199
Feor wall and ceiling surface ([factor score} 1.988 1.50%
Poor window condition (factor score) 0.213 0,167
Foor bathroom wall and ceiling surface (factor
score) =1.324 1.1%4
High quality kitchen (0,1} =1.466 0.253
Presence of adequate ex:its (0,1) 11.747 2,226
Arr-conditioning present (0,1} 4 222 0.839
Presence of adeguate ceiling height (0,1) 2.066 0.562
Adequate kitchen facilities present (Q,1) 9 078 1.129
Large multifamily structure {0,1) 8.910 1.749
Good recreational facilities and access (factox
scora) 4,050 2.170
Traffic and litter problems (factor score} -2,240 0.855
Problems with erime and public services (factor
Heighborhood score) 1,137 0.365
Features Census tracts with higher socloeconomic status
(factor score) 4.164 2.012
Census tracts with newer, higher priced units
(factor score) 1.072 0 532
High quality bleck face (0,1} 8 368 2 590
CONSTANT -91.320

SAMPLE. All enrclled households, axcluding those that moved between the Baseline Interview and
enroliment, those with extreme values for residuals, and those living 1n a neighborhood with fewer than

five enrolled house
DATA SOURCES
1970 Census of Popu

holds

Baseline Interview, Inatial Howschold Report Form, Housing Evaluation Form,

lation



Table II-15
GHETTD SUBMARKET SEMILOG EQUATION PITTSBURGH

R® = 0.696 R = 0.647 F = 14,207 N = 239
VARIABLE DESCRIPTION COEFFICIENT t-STATISTIC
Related te landlord (0,1) -.047 0,854
Langth of rasidence (exponential function) =-,083 3,047
g:ﬁ::tuistics Landlord lives in the building (0,1) -.062 1.124
Wumber of persons per room .045 1.439
Number of landlord contacts for maintepance ,0la 2.484
3réa per room {natural leg) .143 _ 2,004
Total number of rooms (ineludes kitchen & bath)
{(natural log) .553 11.i86
Burlding age (years) 0 0 251
Stove and refrigerator provided (0,1) -088 1 706
Inferzor or nc heat (0,1) -. 069 2.473
Garage provided (0,1) .053 1.104
Offstreet parking provided (0,1) 026 0.-560
Overall evaluator rating {4 poant scale) 064 2 526
Dishwasher and/or disposal provided {0,1) .101 1.626
Dwelling Recent 1nterior painting or papering {0,1) 1ls 3 013
gl‘iiu:es Many high quality features (0,1} .075 0.894
Pooz wall and cealing surface (factor score) L0186 1.2587
Poor wandew condation (factor score) - -.003 0.251
Poor bhathroowm wall and ¢eiling surface
{factor score) -.014 1l.328
High quality kitchen (0,1) -.006 0.114
Presence of adequate exits (0,1) .129 2.504
Alr-conditicning present (0,1} .48 1.005
Presence of adequate cerling height (G,1) .023 0.635
Adequate kKitchen facilities present {0,1) .154 1.928
Large maltifamily styucture (0,1) .092 1.838
Workang condition of plumbing (S5 poant scale) -.008 0.621
Presence of private yard {[0,1) .024 0.928
Good recyeational facilities and access
{factor scora} L0852 2.859
Traffic and litter problems (factor score) -.024 0.922
Problems with crume and public services
Neighborhood {factor score} 026 0.862
Features Censug tracts with higher socioeconomic status
(factor score) 033 1.617
Census tracts with newer, higher priced umits
{(factor score} .014 2.711
High quality block face {J,1) 078 2.48%
CONSTANT 2.5%9

SAMPLE: All errelled households, exciuding those that meved between the Baseline Interview and

enroliment, those with ewtreme values for residuals, and these living in a nexghborhood with fewer than
five enrclled households

DATA SOURCES Baseline Interview, Initial Househeld Report Form, Housing Evaluation Form,
1970 Census of Population.
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Table ILI-l6

WHITE SUBMAHRKET LINEAR EQUATICH PITTSRURGH

2% = 0.666 R = 0 657 F = 74.637 ¥ = 1,192
VARIABLE DESCRIPTICN CQEFPICIENT t-STATISTIC
Related to landlerd {0,1l) ~13.369 5.762
Length of residence (exponential function) ~16.133 9.842
g;::::ter;stxcs Landlord lives in the building (0,1) -5.379 2,751
Number of persons psr room g8 578 4 472
Number of landlord contacts for maintenance Q0 909 1.950
Area per room {(natural log) 21.038 6.136
Total pumber of rooms {includes kitchen & bhath)
{natural leg} 62.814 24.722
Building age {yeatrs) ~0 .262 5,059
Stove and refrigerator provided (0,1} 14,863 6.482
Infericr or no heat (0,1} -7.825 4,671
Garage provaided (0,1} 14_777 6 158
Offstreet parking provaided {(,L) 3.183 1.566
Overall evaluator rating (4 point scale) 5.167 4 275
Dishwasher and/or disposal provided {0,1) 8,185 " 3.029
Dwelling Recent interior painting or paperaing {0,1) 5,172 2.661
g::z“res Many high gualaty features {0,1) 10.126 3.333
poor wall and ceiling surface {(facgtor score) =1.987 3.130
Poor window conditian (factor score) =-2,808 4,306
Poor bathroom wall and cerling surface (factor
score} -1.783 3.010
High guality krtchen {(O,1) 4,637 2.154
Presence of adequate exits (0,1) 4.982 2.301
Aiz—conditioning present {0,1) 2,296 1.226
. Presence of adequate ceiling height (0,17 3.269 1.504
Adequate kitchen facilities present (0,1} 4.716 0.572
Large multifamily structure [0,1) 3 Qa7 1 Els
Gocd recreational facilaties and access (factoxr
score) ) 2.518 4.148
Traffic and litter problems (factor score) -0.988 1.404
Prohlems with crame and public szervices (factor
Weighborhood sScora) -1.626 2.530
Features Census tracts with higher sociceconemie status
{factor scare) 6.392 8.413
- Census tracts with newer, haigher praiced units
(factor score) 2,316 3.103
Hagh qualzty block face (0,1) 3.B28 2.888
CONSTRNT -108.752

SAMPLE. All enrolled households, excluding thoge that moved between the Baseline Interview and
enrolimert, those with extreme values for residuals, and these living in a neighborhood with fewer than
five enrolled houscholds.

DATA SOURCES  Baseline Interview, Inatial Household Report Foxm, Housang Evaluation Form,

1870 Census of Population.
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Table II-17
WHITE SUBMARKET SEMILOG EQUATION PITTESBURGH

R? = 0,668 72 = 0.859 F = 69 980 N = 1,180
VARTABLE DESCRIPTION COEFFICIENT £=STATISTIC
Related to landlord (0,1} - 118 $.625
Length of rasidence {exponential function) ~.147 10.1i0
E:::::t eristics Landlord lives an the building (0,1) -.069 3 996
Number of persons Ler room 087 5.112
Number of landlord contacts for maintanance ,009 2.245
Area per room (natural log) 181 5.925
Total number of rooms (aincludes kitchen & bath)
{ratural log) .573 24.712
Building age (years) =-,002 4.138
Stove and refragerator provided (Q,1) LA17 5.870
Inferior or no heat (0,1} -.088 5.923
Garage provided {0,1) .0%6 4.423
Offstreet parking provided {0,1}) 022 1.235
verzll svaluator rating (4 powint scale) 051 4.738
Dishwasher and/or disposal provaded (0,1) .040 1.685
Dwelling Recent 1nterior painting or papering (0,1) 037 2,164
g::zuras Many haigh cuality features (0,1) 048 1.802
Foor wall and ceiling surface {factor score) -.023 4.029
Poor window condition (factoxr score) -.02L 3.653
Poor bathrocm wall and ceitling surface
(factor score) ~.015 2.872
Kigh quality kitchen (0,1} -028 1.442
Fresence of adequate exats [0,1) -048 2.489
Air-conditioning present (0,1} -015 0.902
Presence of adequate ceiling height (0,1} .035 1.827
Adeguate kitchen facilities present (0,1) L10% 1.470
Large multifamily structure (0,1} .038 2108
Working cendition of plumbing (5 point scale) 009 1.517
Prasence of private yard (0,1) .014 1.171
Goed recreational facxllties and access
{(factor score) .023 4.208
Traffic and latter problems (factor score) - Q08 1.313
Broblems with crime and public services
Nairghhorhoad (factor score) -.018 3.157
Features Census tracts with higher socicecdnomic status
(factor score) .086 8.140
Census tracts with newer, anigher praiced units
(factor score) 020 2.984
High quality block face (0,1) .029 2.451
CONSTANT 2.582

SAMPLE: All enrclled heuseholds, excluding those that moved between the Baseline Interview and
enrollment, thosé with extreme values for res:zduals, and those living in a neighborhood with fewer than
five enrolled nouseheolds. A

DATA SOURCES. DPaseline Interview, Inptial Ecusehold Report Form, Housing Evaluatien Form,

1970 Census of Population.
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Table II-18
SPANISH AaMERICAN SUBMARKET LINEAR EQUATION. PHOEWIX

R? = 0.693 B2 = 0.654 F= 17 780 N = 214
VARTASLE DESCRIPTION COEFFICIENT t-3TATISTIC
Related ro landlerd (0,1) -9.369 2.3262
Tenure Length of res:idence {(exponential function) ~14.631 31.908%
Characteristicy Kumber of persons per room 2.334 1.259
Number of landlord centacts for maintenancs l.612 2,101
Area per room {natural leog) 26.811 4,582
Total number of rcoms {includes Xatchen & bath)
(natural log) 48,944 10.845
Buildang age (years) -0.258 2.240
Stove or refrigerator provided (0,1) -3 974 1.437
Dwelling Central heat present (0,1) -3.973 0.560
Unit Garage ox carport provided (0,1) 5.516 1.627
Features Dishwasher and/or disposal provaded (0,1} 8.330 1.055
Recent interior painting or papering (0,1) 7.943 i.088
Average surface and structural qualaty (4 poink
scala) 12.978 5 108
Adequate light and ventalation (0,1} 4 176 1.114
Central air-conditioning present (0,1) 13.030 1.395
Large meltifamaly structure (0,1) 11.149 1.836
Overall neighborbood quality (factor score) 1.547 0.550
Recreational facailitaes (factor scora) 5.692 2 .534
Actess tO shopping and parking (factor score) -2,555% 0.894
Census tracts wath higher priced dwelling units
Nexghborhood and higher socioeconomic status (factor score) 11,184 1.580
Features Owner-octupied, single-family units 10 census
tract (factar score} 7.053 2.103
Poor quality housing Lo census kract (factor score) -6 7322 2.797
Distance frcm the Central Business bDistrict (miles) 0.029 $.063
uality of block face landscaping (4 poant scale) 5.365 3.225
CONSTANT =105 630

SAMPLE. &All enrolled households, excluding those that moved between the Baseline Interview and
enrcllment, those with extreme values for residuals, and those livirg in a neaghborhood with fewer than
five enrolled households.

DATA SCURCES  Baseline Interview, Init:al Household Report Form, Housing Evaluation Form,

1970 Census of Porulation.




Table II-19
SPANISH AMERICAN SUBMARKET SEMILOG EQUATION PHOENIX

p? = 0.732 72 = 0.894 F = 19 606 q = 214

VARIABLE DESCRIPTION COEFFICIENT £=STATISTIC
Related to landlordé (0,1) =-.0381 1.967
Length of residence (exponential function)} - 149 2.883

Tenure

Characteristics Number of persons per rocm 024 1 254
tumber of landlond contacts for maintenance .01% 2.363
Area per room (natural log) .323 5.279
Tetal mumber of zrooms [includes kitchen & bhath)
{natural log) 566 11.357
Building age (years) -.002 1.954
Stove or refrigerator provided {0,1) -.036 1 271
Central heat present {0,1) - 054 0.714
Garage or carport provided (0,1} 055 1.539

-l O!

Dwelling Daishwasher and/er disposal provaded (0,1) 029 0.352

Unit Recent intericr painting or papering (Q,1) .094 2.298

Pearuzes Average surface and structural gquality {4 peint
scale) .088 3.360
Adequate light and ventilation {(G,1) 028 0.727
Central air-conditioning present {0,1} 067 Q0,592
Large multifamily structura (0,1} 147 1.971
Plumbing present (0,1) 051, 1.682
Inferior or no heat (0,1) ~. 069 1.821
Presence of adequate ceiling height (0,1) L0132 0.390
Overall neaghborhood quality {(factor score) 013 0 476
Recreational facilities (factor score) .038 1.899
Access to shopping and parking (factor score} -.007 0.251
Census tracts with higher priced units and ,

Neighborhood higher socioeconomic status (factor scora}l .085 1.219

Features Poor quality housing in census tract {factor
score} -.051 2.221

- Dastance from the Central Business Dastrict

{mrles) 004 0.91%9
Cualxty of block face landscaping {4 point '
scale} 049 2.857

CONSTANT 2.14%

SAMPFLE. All enrolled households, excluding those that moved between the Bageline Tnterview and
enrollment, those with extreme values for resaiduals, and those living in & neighborhood with fewer than
five enrolled households.

DATA SCURCES: Baseline Interview, Initial Household Report Form, Housang Evaluation Form,

1970 Census of Population.
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Table IT-20

WHITE SUBMARKET LINEAR EQUATION. PHOENIX

2 =2

R =4 773 R = 0.767 F = 125.791 K= 9i2

VARTABLE DESCRIPTION COEFFICIENT t~STATISTIC
Related to landlord (0,1) -21.710 5 764

Tenure Length of residence (exponential function) -22.984 8 769

Characteristics | yinper of persons per room 10.894 4.929
Number of landlerd contacts for maintenance 0.187 0.348
hrea per room (natural log) 45.622 11.033
Total number of rooms (aincludes kitchen & bath)
{natural log) 94.729 26.752
Buylding age {years) -0,330 4,009
Stove or refrigeratar provided (0,1) 6.903 2.750

Dwelling Central heat present (0,1) 5.704 2_639

Unit Garage or carport provided (0,1) 4.239 2.661

Features Dishwasher and/or disposal provaded (0,1} 9 332 4,347
Recent interior painting or papering {0,1} 1.604 0.914
Average surface and structural eual:ty (d point
scale} 14.425 6.014
adequate light and ventilation {0,1) 5.540 4.257
Central air—conditioning present (0,1} 7.128 3.081
Large multafam:ly structurs (0,1) 4.215 2.4026
Overall neyghberhood quality {factor score) 3.669 3.536
Recreational facilitires (factor score) 2.316 2.719
Access to shopping and parking {factor score) 1.742 1.876
Census tracis with hagher praiced dwelling unmits

Nexghborhood and higher socigeccnomrc status (factor score) 2.498 1.645

Features Ovwner-occupied, single-famaly umits in census
tract [(factor score) 0.429 0.524
Poor quality housing in census tract (factor score) -0.724 0.847
Dastance fram the Central Business Dastrict (males) ~0.357 2.408
gualaty of black face landsecaping {4 poant scale) 0.904 1 on2

CONSTANT -2732.000

SAMPLE: Al) enrolled households, excluding those that moved between the Baseline Interview

and enrcllment, those with extreme values for residuals, and those living in a neighborhood with
fewer than five enrolled households.

DATA SOURCES.

1970 Census of Population,

h=47

Baseline Interview, Initial Household Repert Form, Housing Evaluation Form,



Table IT-21
WHITE SUEMARKET SEMILOG EQUATION PHOENIX

=2
R2 =0 778 R =0 771 F o= 119.074 N =9t2
VARIABLE DESCRIPTION - COCFPICIENT £-STATISTIC
Raelated to lapdlerd {0,1} -, 152 5.417
Length of residence {exponentzal function) ~.134 3. 357
Tehuze -
Characteristcs Number of persons per room QB0 4.852
Number of landlord contacts for maintenance .00s 1,320
Area per room (natural leg) 361 11.450
Total number of rooms {includes kitchen & bath) . 706 26.4923
{natural log}
Buildang age (yeaxs) - Q03 5.737
Stove or refrigerator provided (0,1} DED 3.215
Central heat present {0,1} Q027 1 693
Garage or carport provaded (0,1) 030 2.483
z 0 . .
Dwelling Dishwasher and/or disposal provided (0,1) 034 2.140
Unat Recent lnterior painting or papering (0,1} 011 0.875
Faeatur:
eatures Average surface and structural qualaty (4§ point .085 4.94%
szale)
Adequate laght and wentilation {0,1) 037 3.204
Central air-conditioning present (0.1} 052 3.030
Large multifamily structure (0,1) 017 1.106Q
Plumbing present {0,1) 063 1.630
Inferior or no heat (0,1) -.036 1.593
Presence of adequate ceiling height (0,1) 032 1.383
overall neighborhood qualaty (factor scora) 332 4.105
Recreational facilities (facter score) 013 2.078
Access to shopping and parking {factor score) 019 2.718
Census tracts with higher priced unats and . 022 1.%43
Neighborhaod higher sogigeconomic status (factor score)
Features Poor quality housing in census tract (factor - DOS o 857
score)
Distance frcm the Central Business District --004 2.855
{mrles)
Quality of block face landscaping (4 point Nelel 0.986
scale)
CONSTANT 1.692

SAMELE. all enrclled households, excluding those that moved bewween the Baseline Interview and
enrollment, those with extreme wvalues for residuals, and those living 1n a nexghborhood with fewer
than five enrclled households.

DATA SOURCES Baseline Interview, Initial Household Papert Form, Housang Evaluation, Form, 1970
Cansus of Population.
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Table II=-22
BLACK HOUSEHOLDS LINEAR EQUATION: PITTSBURGH

r = o 648 & = 0.616 F o= 19 752 N = 364
VARIABLE DESCRIPTICN COEFFICIENT t-STATISTIC
Related to landlord (0,1) -6.343 1.764
Length of residence (exponential function) ~3.515 3.820
m:ﬁ:ulsncs Landlord lives in the building {(0,1) -3.262 0.848
Hunber of persons per rooh 1-55% 0.622
Wumber of landlord contacts for maintenance 1.035 1.764
} Area per room (natural leog) 14.177 2.506
f Total number of rooms (includes kitchen & bath} N
{natural log) 52.106 13.462
Building age {years) -0 170 1.806
Stove and refrigerator provided (0,1} 13.417 3.014
Infarior or no heat (0,1} =-5.410 2.520
Garage provided (0,1) 10.152 2.638
Offstreet parking provided {0,1) 4.202 0. 956
Cverall evaluator rating (4 point scale) 4.647 2.4389
Dishwasher and/or drsposal provided (0,1} 2.430 2.170
Dwelling Recent interior painting or papering (0,1} 5.855 2,093
g:::u:es Many high quality features (0,1l) 2z.682 2.8233
Poor wall and ceiling surface (factor score) 0.295 0.300
Poor window condition (factor score) =0.187 0.150
Poor bathroom wall and ce:xling surfacge (factor
score) -1.255 1 422
High guality kitchen (0,1) 6,768 1.430
Presence of adequate gxrts (5,1) ©,317 2.289
Air-conditicning present (0,1} ‘1.820 0.463
Pregence of adequate ¢eiling height (0,1) 5.807 2,029
Adequate Kitchen facilitaes present (0,1) 5,301 0.592
targe multifamaly structure {0,1) 3.327 a.67%
Good recreational facilities and access (factor
score) 3.112 2.791
Traffic and litter problams (factor score) -0.388 0.281
Preblems wiath crime and public services (factor
Neighborheod scare) 2,608 1.84]
Features ‘Census tracts with higher socioeconcmic status
{factor scors) 2.891 1.978
Census tracts wath newer, higher priced units
{factar score} -0.178 0.138
High quality block face (0,1} 8.735 2.617
CONSTANT =72.212

SAMPLE. ALl enrolled households, excluding those that moved hetween the Baseline Interview and
enrsllment, those with sxtreme values for resilduals, and those living in 2 neighborhood with fewer than
five enrolled households.

DATA SUURCES Baseline Interview, Initial Household Report Form, Housaing Evaluation Form,
1970 Cansus of Population,
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Table 1I-23
BLACK HOUSEEOLDS SEMILOG EQUATICON., FPITTSBURGH

R® = 0 672 R = ;e F = 20.328 0 =362
VBERTAELE DESCRIFTION COEFFICEENT L-STATISTIC
Related te landlord (0,1) -.038 1.126
Lergth of residence {exponent:zal function) -.102 4.478
gﬁ:::zterxst;cs Lapdlord lives i1n the building (0,1} - 039 1.078
thumber of persons per room 032 1.378
Number of landlord contacts for maintenance 014 2.359
Area per room {natural log) .08% 1.643
Total number of rooms (i1ncludes kitchen & kath)
(ratural log) .318 13.303
Buriding age {years) - 001 1.485
Stove and refrigerator provided (0,1} 075 1,794
Inferior or no heat (0,1) -.06D 2.938
Garage provided (0,1} 051 1.414
Offstreet parking provided (0,1) 046 1.099
Overall evaluator rating {4 point scale) -050 2.819
Dishwasher and/or disposal prowvided (0,1) 081 1 981
Dwelling Racent interior paintirg or papezang (0,1) 083 2.648
gz::ures Many hagh quality features (0,1} 112 1.494
Poor wall and cealing surface (factor score) .Q08 0.596
Poor window condition {factor score} -, 004 0.443
Poor bathrocm wall and ceiling surface
(factor score) -,012 1. 450
High quality kaitchen {0,1) .040 Q.90
Fresence of adequate exits (0,1} 087 2.262
Arr-condationang present {0,1) .020 0.616
Presence of adequate ceiling height (0,1} .055 2.018
Adequate kitchen facilities present {0,1) .132 1 519
Large multifamily structure (0,1) .064 ) 1.373
Working condition of plumbing (5 point scale) -.007 0.692
Presence of pravate yard (0,1) .042 2 154
Good recreational facilities and access
(factor score} 036 3.473
Traffic and litter problems {factor score) Qo2 4 0.148
Problems with crame and public services
Weighhorhood {factor score} 24 1.773
Features Census tracts with higher socigeconciie status
{factor score) 027 1.977
Census tracts wath newer, higher priced wnits .
{factor scors) -,003 0.247
Eigh qualaty block face (0,1) 075 3.324
CONSTANT 3.016

SAMPLE: All enrolled households, excluding those that moved between the Baseline Interview and
enrcllment, those with extreme values for residuals, and these living in a nexghborhood with fewser than
five enrolled households

DATA SOURCES. Baseline Interview, Initial Household Report Form, Housang Evaluation Form,

1970 Census of Population.



Table II-24

WHITE HQUSEHOLDS LINEAR EQUATION. PITTSBURGH

22 = 0.662 T = 0.653 F = 75 091 M= 1,219
VARIABLE DESCRIPTION COEFFICYENT E-STATISTIC
Related to landlord (0,1) -13.469 5.803
Length of residence (exponential function) ~1G 841 10,392
g;::;Zterzstzcs Landlord lives in the building (0,1} -5.840 3.045
Kumber of persons per room 9.802 $.062
¥umber of landlord contacts for maintenance 1.090 2.341
Area per room (natural log) 20.802 6.180
Total number of rooms (includes kitchen & bath}
(ratural log) 62,051 25.054
Building age {years) -0.235 4.570
Stove and refrigerator provided (G,1) 13.889 6.378
Infexrior or nc heat {0,1) =8§.089 4.854
Garage provided (0,1} 15.557 6.453
Offstreet parking provided (0,1) 2,023 0.982
Overall evaluator rating (4 poant szcale) 4 7rd 3.981
Dishwasher and/or disposal provided (0,1} 9.268 3.471
Dwelling Recant intarior painting or papering (0,1} 5.969 3,083
g’:::“res Many high quality features (0,1) 6.522 2.215
Poor wall and ceiling surface (factor score) ~2.327 3,885
Poor wandow caondition (factor score) -3.038 4.701
Poor bathroom wall and ceiling surface (fackor
score) -1.57% 2.701
High quality kitchen (0,1} 5.458 2.535
Fresence of adeguate exits (Q,1) 3.536 1.626
Ayr-conditioning present {0,1) 2,245 1.1%7
Presence of adequate ceiling height {0,1) 1.603 .743
Adequate krtchen facrlitiles present (0,1) 7.2329 1.022
Larga multifam:ly structure (0,1) 3.567 1.955
Good recreational facilitiaes and access (factor
scora) 2,515 4.162
Traffic and litter problems (factor score) -1.070 1.523
Problems wath crime and public services (factor
tierghborhosd scaore) -1.521 2.38%
Features Census tracts with hagher sccioeconamic status
(factor score) 6.333 8.561
Census tracts wath newer, higher priced units
{factor scors) 2.910 3.750
Kagh guality block face ([0,1) 3.934 3.034
CONSTAMT -106.482

SAMPLE: All enrolled households, excluding those that moved between the Baseline Interview
and enrollment, those with extreme values for residuals, and those laving in a neighborhood with
fewer than five enrolled honseholds.

DATA SCURCES:

1970 Census of Population,

A-51

Baseline Interview, Initial Household Report Form, Housing Evaluation Form,



Table II-25
WHITE HOUSEBOLDS SEMILOG EQUATION: PITTSBURGH

Rz = (.668 7 - 0 658 F = 71.245 Na= 1,205
VARIABLE DESCRIPTION COEFFICIENT E-STATISTIC
Relaked to laadlord [0,1) - 119 5 708
Length of residence [exponential function] -.155 10.682
g;::::terxstlcs Landlerd lives in the haeildang (0,1) - Q72 4.187
Humber of persons per oo .099 5.712
Humber of landlord contacts for maintenance OE2 2.779
Area per room {natural log) .188 6.216
Total numbar of rooms (incltdes kitchen & bath)
(natural leg} .370 25.059
Building age (years) -.002 3.693
Stove and refragerator provided (0,17 108 3 518
Infeorior or ne heat (0,1) -.091 6.0%9
Garage provided (0,1) .100 4.588
offstraet parking provided (0,1) 012 0.666
Qverall evaluator rating (4 point scale) .048 4 472
Distwasher and/ar daisposal prowvided (4,1) 052 2.193
Dwelling Recent nteriror palnting or papering (0,1) 042 2.453
g::zures Many high qualaty features (0,1} 024 0.9238
Poor wall and ceiling surface {factor score) -.027 4.830
Foor windew cenditicn {factor score) —-.024 4.145
Poor bathrocm wall and ceiling surface
{factor score} -.012 2.216
Hagh quality katchen {0,1) .032 1,662
Presence of adeguate exats (0,1) 038 L.829
Ailr-conditioning present (O,1) .015 0.877
- Fresence of adequate ceirl:ing height {0,1) 020 1.041
Adequate Xitchen faciliaties present {0,1) 118 1.831
Large multifamily structure (Q,1) 040 2.438
Workaing condition of plumbing {5 point scale) 013 2.110
Presence of private yard (0,1] 014 1.178
Good recreational facilaties and access
{(factor scors) .023 4.211
Traffic and litter problems {(facter score) -.009 1.399
Problems with crime and public services
Neighborhood (factor score) -.018 2.873
Features Census tracts with higher sociceconcmic status *
{factar score) .054 8.104
Censes tracts with newer, higher priced unjts
{factor score) 025 3.652
High guality block face {0,1) .0322 2.738
CONSTANT 2.554

SAMPLE: BAll enrolled households, excluding those that moved batween the Baseline Interview and
enrollment, those with extreme values for residuals, and those living i1n a2 neiaghborhood with fewer than
five enrolled households

DATA SOURCES: Baseline Interview, Initial Household Report Form, Housing Evaluation Form,

1970 Census of Populatien.
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Table IT-26
SPANISH HOUSEHOLDS LINEAR EQUATION: FPHOENIX

2% = 9.776 # = 0.761 F = 51.056 N =378
VARIABLE DESCRIPTION COEFFICIENTS t=STATISTIC
Related to lamdiord (0,1} - -6.539 1.341
Tenure Length of residence (exponential function) -20.780 5.751
Characteristics Number of persons per rocm 5.763 2.852
Number of landlozd contacts for maintenance 1.561 2,106
Area per room (natural log) 29.438 5.112
Total number of rooms (includas kitchen & bath)
(natural log) 71.115 - 14,915
Building age (years) -0 217 1.939
Stove or refrigezator pravided {(0,1) 4,068 1.468
Dwelling Central heat present (0,1) 3.801 1.854
tnit Garage or carport provided {0,1) 9.136 3.176
Features Dishwasher and/or disposal provided (0,1) 4.517 0.833
Recent :interior painting or paperaing (C,1) 3.306 1.100
Average surface and structural guality (4 poilnt ’
scale) 13.106 4 899
Adeguate light and ventilation (0,1} 9 152 3,148
Central awsr-conditioning present (0,1) 17.389 2,936
Large multifamily structure (0,1} 6.522 1.433
Overall neignborhood quality (facter seore) 1.443 .842
Recreational facilitres (factor score} 2,195 1.529
Accass to shoppang and parking (factor score) 1.467 0.876
Census tracts with higher priced dwelling units
Neighborhood and higher sociveconomic status (factor score) 3.300 1.627
Features Cner-occupied, single-family units An censug
tract (factor scare) 1.297 0.826
Poor quality housing in census tract (factor score) -2.882 3.323
Distance from the Central Business District (miles) -0.179 0.589
Guality of bisek face landscaping (4 point scale) 3.710 2.466
CONSTANT ~167 523 *

SAMPLE. All enrolled households, excluding those that moved hetweean the Baseline Interview and
e¢nrollment, thoese with extreme values for resideals, and those livang an a neighborhood with fewer than
faive enxrolled households.

DATA SQURCES Baseline Interview, Initial Hounsehold Report Form, Housing Evaluation Form,

1970 Census of Population.
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Table II-27
SEANISH HOUSEHOLDS SEMILOG EQUATION: PHOENIX

2% = 0 793 2= 0777 F - 51 648 N - 378
VARIABLE DESCRIPTION COEFPFICIENT t=STATISTIC
Related to landlerd (0,1) -.056 1.583
- Length of residence (exponential function) -.207 6.834
Tenure
Characteristics Number of persons per rotm .080 2.912
Number of landlord contacts for maintenance .015 2.405
Area per room {natural log) . 257 5.238
Total number of rooms {includes kitchen & bath}
{natural leq) .688 16 956
Buirlding age (years) -.002 2.210
5teve or refrigerator mrovaded (0,1} 030 1.272
Central heat prasant (C,1} 039 0.977
Garage or carport provided (0,1) 068 2,813
Dwel Dishwasher and/or d4:isposal provided (0,1} 007 0,148
Unit Recent interior painting or papering {0,1} .039 1.577
Features Average surface and structural quality (4 peint
scale) 105 4.384
adegquate light and ventilation (0,1) 046 1,891
Central air-conditioning present (0,1) . 071 1.437
Large multifamily structure (0,1) 071 1.867
PFlumbing present (0,1} 065 2.306
% Inferior or no heat (CQ,1) -.026 1 464
fresence of adequate ceiling hexght (0,1) 058 2.174
Overall neighborhood quality (factor scorel 024 1,733
Recreational facilities (factor scoxe) .018 1.644
Access to shopping and parking (factor scora} 030 Z.165
Census tracts with higher priced units and ,
Neaghbioghood higher socioeconomic status (factor score) 004 0.207
Features Pooxr quality housang 1n census tract (factor
secre) ~.020 2.867
Distance fxom the Central Busaness Distriet
(miles) -.001 0.558
guality of block faee landscaping (4 point
scale} .03 2.434
CONSTANT 2.0786

SAMFLE. All enrolled households, excluding those that ooved between the Baseling Interview and
enrollment, those with extreme values for residuals, and those lavaing in a neighborhood with fewer than
five enrolled households.

DATA SOURCES: Baseline Interview, Initial Household Report Form, Housang Evaluation Form, 1970
Census of Populaticn.
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Table II-Z28
WHITE HOUSEHOLDS LINEAR EQUATION: PHOENIX

R% = 0.782 % = 0.777 F = 155.180 N = 1,065
VARIABLE DESCRIFTION COEFFICIENT t-STATISTIC
Related te landlord {0,1l} -~21.485 7.329
Tenure Length of resgidence (exponential function) -23,914 10.299
Charactexistics | .o her of persons per room 10.108 5.032
Number of landlord contacts for malhtanance 1.068 2.158
Area per room (natural log) 41.487 11.435
Total number of rocms (includes kitchen & bath)
tnatural log) 83.992 28.497
Buildang age (years) -0 345 4.760
Stove or rafrigerator provided (0,1) 1 666 0.773
Dwelling Central heat present (0,1) 7.051 3.484
Unit Garage or carpoxt provided {0,1)}) 4.109 2.789
Featuces Dishwasher and/or disposal provided (0,1) 8.153 4.925
Recent 1nterior painting or papering (0,1} 0,669 0.406
Average surface and structoral gualaty (4 point
scale) 14.347 7.014
Adequate light and venetilation (0,1} & 604 4,586
Central air-cond:ticning present (0,1) 6.465 2 g6z
Large multifamily structure {0,L) 4,015 1.972
Ovarall neignborhood quality (factor score) 2.394 3.268
Recreational facilities (factor scove) 2.776 3.582
Aceess to sheoppihg and parking (factor score) 1.418 1.638
Census tracts with higher priced dwellang units
Neighborhood and higher sccioeconcnic status (factor score) 1.708 1.420
Features Ouwner-cccupied, sangle—family units in census
tract (factor score} 1.438 1.813
Poor guality housing in ¢ensus tract (factor score) -0 .586 a.843
Distance from the Central Busaness Dastrict (niles) -0 .562 3 044
uality of hlock face landscaping {4 point scale) 1.954 2.402
CONSTANT -231.4684

SAMPLE: BAll entolled households, excludirng those that moved betweoen the Baselins Interview
and enrollment, those with extrsme values for residuoals, and those laving ain a neighborhood with fewer
than five anrolled households.

DATA SOURCES: Baseline Interview, Inltial Household Report Form, Housing Evalnation Form,
1970 Census of Population.
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Table II=-29
WHITE HOUSEHOLDS SEMILOG EQUATION PHOENIX

®® =0 799 %2 = 0 794 P = 158,302 B = 1,065

VARIABLE TESCRIPTION COEFFICIENTS t-STATISTIC
Related to landlerd (C,l1) -.178 7.986
Length of residence (exponential function} -.198 11.300

Tenure

Charactaristics Humber of persons Her room L0080 5.307
Humber of landlord contacts for maintenance 014 3. 727
Area per room {patural log} .349 12,312
Total number of rooms (includes kitchen & bath) L5682 29.485
(natural lcg)
Bnilding age (years) -.003 6.03%
Stove or refrigerator provaded (0,1) .015 0.931
Central heat prasent (0,1) L033 2,121
Garage or carpert prowided {0,1) 028 2.482

Bwelling Dishwasher and/or disposal provided (0,1} .032 2.115

Unat Recent intericr painting or paperang (0,1) oc4 0.339

Features average surface and structural quality {4 point .128 7.608
scale]
Adequate light and ventilation (0,1} 033 3.032
Central ajr-conditioning present (0,1) .051 2.965
Large multafamily structuoxe (0,1} 016 1.051
Plumbing present (0,1} 043 1 518
Inferior or no heat (Q,1) —-.0Q21 1.338
Presence of adeguate ceilamg heaght (0,1] -.011 0.560
Overall neighkorhood qualaty (factor score) 022 3.339
Recreational facalities (factor score) : 014 2.953
Access to shopping and parking (factor score) 016 2.468
Census tracts with higher priced unats and .012 1.332

r = fastor T

Nezghborhoed hagher socioeconomic status ( score)

Faatuxes Poor qualaty housiag in census tract (factor -.002 0. 306
s5C0re)
Pastancge from the Central Business District -.004 3.082
{miles}
guality of block face landscaping {4 poant .014 2.254
scala)

CONSTANT 1.796

SAMPLE 211 enrolled houssholds, excluding those that moved between the Baseline Intervaew and
enrollment, those with extreme values for res:iduals, and those living in a neighborhood with fewer
than fave enrolled households

DATE SOURCES: Baseline Interview, Initial Household Report Form, Housing Evaluation Form, 1970
Census of Population.
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Table 1I-30

MEANS AND STANDARD DEVIATIONS PITTSBURGH
CONTROL HOULSEHOLDS AT ENROLIMEWNT AND TWO YEARS

ENROLLMEWT THO YEAR PERIQD
STAMDARD STANDARD
VARIABLE DESCRIFTICH MERNS BEVIATIOR MEANS DEVIATION
Related to landlerd (0.1} G oas 0.283 0.1086 0.308
Length of residence (exponentzal functicn) . 0,447 0.370 0.546 0.3861
Eﬁiiiilensncs Landlord lives in the buxldaing (0,1} 0.110 0.313 0.090 0.287
Number of persons per room 0.737 (.334 0.683 0.342
Number of landlord contacts £or maintenance 1.276 1.281 7.429 0.916
Area per room (patural log) 4.853 0.176 4.866 0.182
Total number of rooms (aincludes kitchen and bath)
(natural log) 1.584 0.253 1.733 0.297%
Burlding age {years) 48.705 15.044 50.109 14.955
Stove and refrigerator provided (0,1} g 1iis 0.321 0.118 D 324
Inferior or no heat (G,1) £.201 0.401 0.183 0.372
Garage provided (0,1) 0.Q072 0.25% 0.084 0.278
Offstreet parking provided (0,1} 0.091 a.288 0.150 0.357
Owverall evaluator rating {4 point scale) 1.868 0.679 1.930 0.557
Dishwasher and/or disposal provided (0,1} 0.975 0.264 .084 0.278
* Dwelling Recent interior painting or papering {0,1) 0.125 0 332 0.068 0.253
2:;:ures Many high quality features (0,1} 0.060 0.237 0.040 0.197
Poor wall and ceiling surface (factor score) -0.120 1.041 -3.356 1.043
Poor window condition {factor score) -0.011 0.993 0.043 6.919
Poor bathroom wall and cerling surface {factor score) 5.052 1.062 0.015 1.128
High qualaty kitchen (0,1} .103 0 305 0.081 0.273
Fresence of adequate exaits {(¢,1} 0.9234 0.248 0.238 0.242
Air-conditioning present (0,1} 2.119 ¢.324 ~ 0.115 0.320
Presence of adequate cerling heaght (0,1) 0.900 0.301 0.925 0.263
Adeguate kitchen facilities present (0,1} 0 994 0.679 3.9%4 0.079
Large multifamily structure {0,1) 0.144 0.352 0.15% 7.366
Blumbing present {0,1) 3.580 0 824 3 452 1.204
Presence of praivate yard (0,1} .342 0.475 0 382 0.487
Cood recreational facilities and access (factor score) 0.004 0.977 0.123 0.9%0
Traffic and l:itter problems (factor score} -0.014 0.973 -0.B5% 0.850
Problems with crame and public services (factor score) -0.097 0.962 o 245 0.734
Census tracts with higher priced units and higher socio-
Herghbarhood aconomle status {(factor scorel 0 000l 0.992 0.156 1.096
Features Nonmunor:ity census tracts with higher sgcloeconcmic
status {(factor score) 0.122 0.883 0.062 0.938
Blue collar workers and nonmahbority residents in
census tract (factor score) 0.128 0.930 0.156 0.897
High qualaty bleck face (0,1) 0.373 0.484 0498 0.50L1
Rent Analyric rent 114 524 34.996 126.143 39 998
Natural logarithm of analytic rent 4 694 0.302 4.789 0.314

SAMPLE, All enrelled Control houscholds, active at two years, excluding those that moved between the Baseline
Interview and enrollment, those with extreme valges far residuals, thoze living i1t 4 neighhorhood with fewer than five

enrolled housecholds,
DATA S0OURCES
Population.

ard theose living in their own home or subsidized housing.

Baseline Interview, Initial Household Report Form, Housing Evaluation Form, 1970 Census of
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Table II-31

MEANS AND STANDARD DEVIATIONS PHOENTX
CONTROL HOUSEHOLDS AT ENROLIMENT AND TWG YEARS

ENROLLMENT TWO YEAR PERIOD
STANDARD STANDARD
VARIABLE DESCRIBTION MERNS DEVIATION UEANS DEVIATION
Related to landlord (0,1) o.g9ez 0.290 a.075 0.263
Tanure Length of residence (exponential function) 0,376 0.3480 ¢.4356 G.356
Characteristics Number of perscns per Toom 0.8%0 0.558 0 753 0.429
Number of landlerd contacts for maintenance 1 244 1.403 0 734 1 247
Area per room (natural log) 4.686 0.197 4.669 0.186
Total number of rooms (includes kitchen & bath)
(ratuwral log) 1.600 Q.204 1 695 0 239
Building age (yoars) 26.260 15.026 25.726 16.400
Stove or refrigerator provided (0,1} 0.744 0.437 0.718 0.451
Central heat present (0,1) 0.312 0.464 0.394 0.490
Garage or carport provided (0,1} 0.31e 0.466 0.344 ¢ 476
Dwelling Dishwasgher and/or disposal provided (0,1} 0 les 0.375 0.203 0 403
gzzzﬂes Recent interior painting or papering (0,1} 0.176 0 382 0.100 0.300
Average surface and structural guality (4 point scale) 2.1%2 0.691 2,298 0 803
Adequate light and wventilation (0,1) 0.362 0,482 0.473 0.500
Cenural arr—conditioning present (0,1} 0.244 0.430 0.299 C.459
Large multifamaly structure (0.1) 0.176 0.382 0.174 ¢.380
Plumbing present (0,1) 0.898 0 306 0.942 0.234
Inferior or no heat (0,1} 0,360 0.4B1 0,295 0,457
Presence of adeguate ceiling herght (0,1) 0.888 0.316 0.867 £.340
Overall neighborhood quality {factor score) =-0.0494 1.009 0.344 1.068
Recreational facilities (factar score) -Q,087 1.028 J.761 0 721
Access to shopping and parkang (factor score} -0 138 0.9%8 0 056 g.721
Census tracts wath hagher praced umits and haigher
Neighbornood sacroegonomic status (factor score) -0.108 0.927 0.013 1.052
Features Ovwner-occupied single family dwelling units in
census tract (factor score) -0.053 1.001 0.162 0.9856
Poor guality housing in census tract (facter score) 0.058 Q.382 -0.025 0,960
Distance from the Central Business District {miles} 5.15% 4.575% T 5.515 4.419
Quality of block face landscaping (4 point scale} 1.740 0.831 1.983 0.51%9
Analytic rent 126.586 46.470 139.724 51 872
Rent Hatural leogarithm of analytaic rent 4.770 0.388 4.865 0.402

SAMPLE All enrolled Contrel households, active at two years, excluding those that moved between the Baseline
Interview and enrollment, those with extreme values for residuals, those living 1n a neighborhood with fewer than five
enrolled households, and those lavaing in their ¢wn home or subsidized housing.

DATA SOURCES: Baseline Interview, Initazl Houssheld Report Porm, Housang Evaluation Form, 1970 Census of
Population.
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Table II-32

PITTSEURGH LINEAR EQUATION

CONTROL HOUSEHOLDS AY ENROLLMENT AND TWO YEARS

VARIABLE DESCRIPTION

ENROLLMENT

TWQ YEAR PERIOD

COEFFICIENT t-STATISTIC COEFFICIENT t-STATISTIC

Related to landierd {(0.l1) -4.808 1.124 ~25.980 5 315
enure Length of residence (evponential funsticn) -18 838 3.57% -14.812 3 618
Characteristics Landlerd lives in the buwalding (0.1} -6.939 1 718 -0.307 0.05%
Number of persons per rocom 2 010 0 527 2.023 2.013
Number of landlord contacts for maintenance l.o00 1 Q035 0,031 G
Area per room {natural log}) 40 125 S 699 15 730 1.2804
Total number of rooms (includes kitchen & bath)
{natural log) G2 293 11 764 80 314 1o 539
surlding age (years) -0 282 2,774 =0 330 2.335
Stove and refrigerator provided (0,1} 28.4458 B 205 7 609 1.3132
Inferior or no heat {0,1) -3 692 1.15¢ -9 639 2.253
Garage provided (0,1} 23.526 5.228 15,160 2.915
offstrest parking provided (0,1} 4.0435 0 916 L 468 0 339
Gverall evaluator rating {4 porint scale) 4,176 1.802 7 474 2.324
Dishwasher and/or dispesal provided (0,1) 5 6RO 1 170 7 752 1 397
pwelling Recent interlor painting or papering (0,1} 4.199 1.143 10 743 L 833
o es Many hagh quality features (0,1) 0.862 0.148 13 543 1673
Poor wall and cerling surface {factor score) -3 075 2,415 -2.247 1 384
Poor wandow conditaen (factor score) -2.259 1.727 -2.878 L.742
Poor bathroam wall and ceiling surface
(factor scvore) =1.70s 1.439 -1.642 1.246
High gquality kitchen (0,1) 2.011 O 477 §.122 L 084
Presence of adequate exats (0,1} 8 X1 1 846 E.575 1.013
Alr-conditioning present (0,1) ~1.573 0 377 2.501 0.7zl
Presence of adequate ¢ealing heaght {0,1) -0 158 Q D45 4,877 0 869
Adecquate Kitchen fac:ilities present (0,1} 9 581 0.622 -16 Q00 0.784
farge myltifamaly structure (0,1) 2 402 Q.636 3 669 1 195
Good recreational facalities and access
{factox score) 3 a7 2.398 5 127 3.181
Traffic and lLitter problems ([factor score) -0,598 0.858 ~1 263 9 807
Problems with crime and public sarvices
{factor score) ~2.,231 1.723 -1 038 0 485
Neighborhood Cengus tracts with higher priced umats and
Features highar sociceconcmic status (factor score} 4.091 2 568 & 214 1.872
Nonminority censans tracts with higher socio-
economac status (factor score) 3.824 2.337 3 449 1.896
Blue collar workers and nommrnority residents
in ¢ensus tract (factor score) =32.243 2 466 -2.332 1 390
High quality block face (0,1} 13.506 4 95§ 5.843 1.815
COMNSTANT ~201.136 =53.613
& 0.703 0.670
7 0 870 0 633
v 21,304 is 327
N 324 322
SAMPLE: All enrolled Controk hougeholds, active at two years, excludaing theose that moved between the Baseline

Interview and enrollment, those with extreme values tor residuals, those living in a neighborhood with fewer than five

enrolled households, and those living in their own home or subsidized housang.

DATA SOURCES. Baselaine Interview, Initlal Household Report Form, Housing Evaluation Form, 1970 Census of

Population.
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Table YI-33

PITTSBURGH SEMILOG EQUATION-
CONTROL HOUSEEOLDS AT ENROLLMENT AND TWQ YERRS

ENROLIMENT TWO YEAR PERIOD

VARTABLE DESCRIPTION COEFFICIENT  +-STATISTIC COEFFICIENT ~STATISTIC

Related to landlord (9,1} -0 046 1 200 -0.222 5 B0O%

Length of residence (expénentlal function) -0 173 % 852 -0.108 3.328
Temuze Landlerd lives in the puilding (0,1} -0.083 2 360 -0.036 0 900
characteristics

Number of persons per rocm 0.032 Q 970 0.096 2.78%

Number of landlord contacts for maintenance 0.Q07 q gl2 =0.0004 0 032

Area per room [natural log) 0.344 S 589 3.077 1.138

Toral number of rooms (includes kitchen & hath}

{natural log) ) 0 555 11 s27 0.544 12 180

Burlding age {years) -0.002 z 511 ~-0,002 1 020

Stove and refrigerator provided (0,1} 0 228 S 797 0.060 1.344

Inferior or no heats (0,1} =0.341 1.472 =0 102 3 080

Garage srowvided (0,1} 0.166 4,047 0.092 2.156

Qffstrast parking provided (0,1 0.022 0 S&6d 0.013 0 H3B

overall evaluator rating (4 point scalel 0.048 2,368 0.073 2.9327

Dishwasher and/or disposal provided {0,1) 0.030 ¢ 715 0.017 o 387

Recens inTerlor parnting or tapering (0,1) O 034 1 0s8 G 100 2.203
owalling vany high sual:ty features (0.1) ~0,037 0 736 0.049 0 796
ant ®oor wall and caeiling surface (factor score) =0.033 T 935 -0 0l 1 251
FPeatures

Poor window condation (factor score) =0 016 1 441 -0 023 1 736

roor bachroom wall and cealing surface

(factor score) -0.Q14 1 349 =0,006 0 58l

High guality <itchen (0,1} -0.010 0 281 Q Q57 1 318

rresence of adpquate evats (0,1} 0.067 1 S22 0.054 1.071

Arr-conditioning present (0,1} -0 030 o 828 0.040 1.0848

Breasence of 2demuate ceal.ng neight (0,1] ¢.008 0 214 Q.022 0 546

Adegiate sitghen fac:lities present {0,1) 0.042 0.3210 -0 196 1 250

_apge multifamily scructure (0,1} 5.010 0.306 0 023 0.820

?lumbing present [(0,1] Q oog 0 654 -0 208 0.384

Presence of private yard (0,1) ¢.025 1.065 =G Q012 Q9,515

Goed recreatlon;l facilities and access

{factor score) 3 024 2 167 0 041 3.286

Traffic and litter problems (factor score) =3 QL2 Q 803 =0 021 1.335

Problems with crame and public services

{factor score) -0 021 1875 1. 016 1.002
Nerghbarhood Census tracts with higher praiced unats arxi
Tearures nigher scciceconomic status (factor score) 0.026 1,904 ¢.031 2.415

NONmInOYiTY rCensus tracts wath higher socioe

aconsne status (factor score) 2 036 2 504 0 Q35 2 520

Blue collar «orkers and notminor:ty residents

in census tract [(factor score! =0.036 2.306 -0 QL8 1418

Sigh guality black face (0,1) 2.119 5 Q10 0 044 1 792

CONSTANT 1.931 3.542

2

4 0.702 0.687

-2

R 0 663 0.650

F 19.678 18.458

N 319 321

SAMPLE  all enxolled Cantrol households, active at two years, evcluding those that moved between the Baseline
Interview and enroliment, tnose with extreme values tor residuals, those living in & nerghborhood with fewer than five
enralled nouseholds, and taose living in their own nome or subsidized housing.

DATA SOURCES. Baseline Interview, Inatral Household Report Form, Houslng Evaluatron Form, 1970 Census of
Population.
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Table II-34

PHOENIY LINWEAR EQUATION
CONTROL HOUSEHOLDS AT ENROLLMENT AND TWO YEARS

VARIARLE DESCRIPTION

ENROLLMENT

THO YEAR PERIOD

COEPPICIENT t-STATISTIC

COEFFICIENT £-STATISTIC

Related to landleord (0Q,1) -8.740 1.962 =-103.046 1.317
Tenure Length of residence [exponential function) =-16.539 4.060 =-15.078 2.257
Characteristics Number of persons per room 4.710 1.685 12.874 2.232

Number of landlerd contacts-for maintenance 0 145 0.158 2.492 1.502

Area per room (natural log) 30,980} 4.222 32.946 2.748

ﬁ::]];:r;im.\;z;}of rocms {1necludes kitchen & bhath) 97 865 13,213 85 614 8.811

Buplding age (years) ~0.533 3.798 -0.,135 0.639

Stove or refrigerator provided (0,1) 4.383 1.257 6.620 1.247
Dwelling Central heat present (0,1} -3.294 0.684 -9 997 1.523
Unait Garage Qr carport provided (0,1) 5.276 1.660 11.772 2 B08
Features Dishwashar and/or dispesal provided (0,1) 14.675 3.354 9.004 1.300

Recent 1nterior painting or papering [0,1) 0.016 o 12.411 1.857

Average surface and structural guality (4 poant

scale} 12.7%2 3.787 16.224 2.700

Adequate light and ventilatzon (0,1) 0.750 0.2351 8.850 1.9%4

Central air-conditioning present (0,1} 11.283 2.160 25.388 3.380

Large multifamily structure (0,1} 6.170 1.570 -10.2237 1.542

Overall neighborhood quality (factor score) 2.674 1.48% 1.417 0.462

Recreaticnal facilities (factor score) 3517 2.321 3.3582 1.063

Access to shoppilng and parking {(factor scorae) 1.792 1.089 6.818 1.819

Census tracts with higher priced units and

higher socioeconomac status {factor score) 6.655 2.870 2.030 0.558
gzszzfz;hQOG wmer-occupred single family dwelling units in

census tract (factor score) 3.626 2.081 0,753 0.264

Drstance from the Central Business District

{mrles) —0.552 1.705 ~0.491 0.g02

guality of block face landscaping {4 point

scale) 3.023 1.7%6 9.606 2.435

CORSTANT -197 839 =224.955

& 0.240 0.702

g 0.824 0.670

F 53.729 22.232

N 250 241

SAMPLE:

DATA SOURCES

Population.

ALl enrolled Control households, actaive at two years, excluding those that moved betwesen the Baseline
Interview and enrollment, tnose with extreme values for residuals, those living in a neighborhcod wath fewer than Eive
enrelled housenolds, and those living :n their own home or subsidized nousing.

Baseline Interview, Initial Household Report Form, Housing Evaluaticn Form, 1970 Cansus of



Table II-35

PHOENIX SEMILOG EQUATION
COWTROL HOUSEHOLDS AT ENROLLMENT AND TWO YEARS

ENEROLLMENT TWO-YEAR PERIGD
COEFFI- t- COEPFI- t-
VARIABLE DESCRIPTION CIENT STATISTIC CIENT STATISTIC
Related o landlord {0,1) ~0.,077 1.993 -0.006 0.0%85
Tenure Length of resifence {expenential function) -0,158 4.550 -0.128 2.2680
Characteristics Number of persons per rocm 0 042 1771 0.068 1.429
Number of landlord contacts for malntenance 0.012 1.507 0.030 2.193
Area per room {patural leg) 0.299 4.709 0.244 2 383
Tatal number of rooms (i1ncludes kitchen and hath) 0.
{natural log} 0.836 13.000 0.5640 7.947
Building age (years) -0.004 3.706 =0.00L Q.691
Srove or refrigerator provided (0,1) 0.033 1 099 0 0s2 1.204
Central heat present {0,1) ’ -0.040 0.958 -0.096 1.625
Garage or sarport provided {0,1) 0.062 2.310 0.105% 2.715
Dwelling Dishwasher and/or disposal provided {O,1) Q.087 1.815 0.058 1.020
E:;zures Regent interior painting or gagering (0,1) 0.008 0.263 5.058 1,045
Average surface and structural quality (4 point scale) Q.102 3.308 G.089 1.582
Adequate light and ventalation (0,1} =-0.030 1.21¢ 0.0338 1.01s
Centzal air-conditaioning present {(G,L1) 0.108 2.472 Q.170 2.751
Large multifamily structure {0,1}) 0.043 1.27¢ -0.047 0 844
Plumbing present (0,1} 0.104 2.550 0.036 0.425
Inferior or ne heat (0,1) -(.0232 0.733 =0.037 0.768
Presence of adecuate cexling herght (0,1) -0.008 0.210 0.112 2.138
Overall neighborhood gualaity {Eactor score} 0.022 1.45% 0.037 1.408
Recreataonal facilities (factor score) 0.022 1.667 0 Dl4 0,562
Access to shopping and parking {factor scors) 0,023 1.548 0.034 1.089
Census tracks with higher priced units and higher
socioeconomic status (factor score) 0.035 1.719 0.QLs Q 4%6
Reaghborhood Owner-cccupied single family dwellang units in
Features census tract {(factor score) 0.011 0.748 0.017 0.698
Poor quality housing in census tract [factor score} -0.012 0.915 -0.045 2.219
Distance from the Central Business District [(miles) -0.003 1,258 -0.004 0.930
guality of block face landscaping (4 pornt scale) 0.018 1.246 Q.041 1.251
CONSTANT 1.790 2,121
r? 0.839 0.672
B 0.820 0.63%
F 42.910 16.181
N 250 241

SAMPLE: ALl enrclled Control households active at two years, excluding those that moved between the Baseline

Interview and enrollment, those with extreme values for residuvals, those living in a neighborheod with fewer than five
enrolied households, and those living in their own home or subsidized housing

DATA SCURCES. Baseline Interview, Tnitial Houschold Report Form, Housing Evaluaticn Form, 1970 Census of
Dopulation
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APPENDIX TIT

ANATYSTS OF UTILITY AND
FURNISHINGS ADJUSTMENT ERRORS

' As discussed in Section 3.4 of Chapter 3, if rent did ﬁot include electric-
ity, gas, heating fuel, water, or garbage collecticn, the contract rent was
adjusted using site~-specific utality tables (these are listed in Table VI-1
in Appendix VI, Master Variable List}. These tables are based on the number
of rooms defined as useable living space {excluding bathrooms, half-rooms,
unfinished basements or attics). If the dwelling unit was furnished, con-
tract rent adjusted for utilities was reduced by 11.5 percent to exclude

the cost of furnishings.
Estimations of errors in the adjustments were based on the linear model

(1) R=XB+Z(YA"Y)+S
where
X = housing, neighborhood, and tenure attributes

Z = utilaities not included in rent interacted with
unit size, furnishaings included in rent inter-
acted with unit size

¥ = true utilaities and furnishings costs
Y. = adjustments for utilities {from tables) or
for furnaishings (11.5 percent reduction of
adjusted rent).
The data for utility and furnishing adjustments are very c¢ollinear and the
incidence of adjustment 1s strongly related to the number of rooms in the
dwelling unit, (See Figures 3-6 and 3-7, Chapter 3.) For example, although
the three major utilities--gas, heat, and eleciricaity--could be included or
exciuded from the contract rent in a variety of ways, Tables IIiI-1 and III-2
indicate that the majority of units in each unit size had either 2ll or none
of these utilities included 1in contract rent, and the tendency to have these

ut:ilrties rncluded in rent decreased as unit size increased.

Becaunse of the collinearity of these data, there are potentially sax types
of adjustments: gas, heat, electricity, water, garbage collection, and
furnishings. 1In additien, for all utilities but garbage collection the
amount of the adjustment varied by unit size. BAmong the various specifica-

ticns were:
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Table I11~1

PERCENT OF PITESBURGH UNITS WITH UTILITIES INCLUDLD IN RENT, BY UMIT SIZE AND TYPE OF UTILITY

Bverything
o Cleckricitky, Gas, Included
Nutheyr of PJti)itics Gas Heat Elecctracity Gas, Heat Heat Eleckricaty Everything or Mothing
Rocms {§) Included Includad  Included  Insluded Included  Included Included Included Included
1, 2 69 17.4% - 1.4 - 72 L d - 72.5 g% 4
3 287 40.4 1.9 8 2 4 0 9 - - g 2 m 6
4 se8 G7.9 1.7 71 7 9 7 .3 - 12 4 g 3
5 375 0.4 24 10.4 - 6 4 11 - 9.3 o7
[ 223 86 5 1.8 3.1 - 1.8 - - 6 7 91.2
I+ 92 88.0 2.2 7.6 - L.l - - 11 go 1
SAMPLE  All enrolled houscholds, excluding those that moved between the Baséline Interview and enrcllment, thosé with extreme

values for residuals, those living i a nerghborhood with fewer than five enrolled households, thoze living in own home or subsidized
housing, and those reporting work for the landlord an lieu of rent.

DATA SOURCLS

Initial Household Report Form, Howsaing Evaluation Porm.




Table IIL-2
PERCENT OF FHOENIX UNITS WITH OUTILITIES INCLUDED IN RENT, BY UWIT SIZE AND TYPE OF UTILITY

g9-¢

Dverything
No Electricaty, Gas, Included
Humber of Utilitaes Gas Heat Electricity  Gas, Heat Heat Electricaty Everything or Hothing
Hooms {0 Included Included Included Included Included Included Included Included Dicluded
1,2 84 28 6% ¢ = 4.8 - - - - 66 7 9%.3
3 188 53.5 6.5 4.7 5 2.9 .3 - 31 7 45 2
q &7 66,9 7.3 5.6 - 3.8 i - 16 0 82 9
5 265 68.7, q 8 a7 .4 3.4 - - 12 0 a2 v
6 192 B3.3 4.9 39 - 2.0 - - 59 29 2
T+ 30 93 3 - 3.3 - - - - 33 95 &

'

SAMPLE, All enrolled houscholds excluding those that moved between the Baseline Interview and enrollment, those with extreme
values for resaiduals, those living in a nalghborhood wath fewer than Five enrolled housenolds, those laving in own home or subsidized
housing, and those reporting work for the landlord in lien of rent

DATA SOURCES Inttial Household Feport Form, Housang Evaluatron Form,




{0,1) dummy to indicate the presence ("1") of any adjustment
to utzlities or furnishings;

(0,1) dummies to indicate the presence (“"1") of each of the
indivaidual utilitres or furnishings in contract rent;

(0,1) dummies to indicate the presence ("1") of combinat:ions
of individual utilaties in contract rent (e.g., gas, heat,
and electricity): -

(0,1) dummies to indicate the presence ("1") of combinations
of individual utilities in contract rent, interacted by unit
size {e.g., gas, heat, and electricity for four-room units;
all utilities for five-room units});

interaction of number of rooms with individual or combinations
of utility dummies (e.g., number of rooms x gas, heat, and
electricity);

interaction of legarithm of number of rooms with individual

or combined nutility dummies {e.g., in{number of rooms} x

{gas, heat, and electracity}).
It was impossible to obtain specific error estimates for cach of the aindi-
vidual utilaty variables due to their collinearaty. Variables indicating
the presence of adjustments for garbage collection were eliminated from all
equations after initial attempts indicated that the error in this adjustment
could not be estimated {garbage collection 1s almost always included, though
inclusion does fall somewhat with distance from the Central Business Distract).
In addition, many of the combinations of utility varaiables were insignificant
in the equations. Ultimately, two sets of variables were selected. The first
consists of a dummy variable andicating that any adjustment was made; that
1s, an adjustment to gas, heat, electricity, water, or furnishaings. Alsc,
an interaction term of this dummy wariable with the number of rooms is
included. The second set of variables consists of a variable combining the
three main utility variables {(gas, heat, and electricity) to indicate that
presence of adjustments for all three wvariables. Water is estimated
separately. The variables for water and for the three main utirlities are
both interacted with number of rooms. Furnishings are estimated by a single

dummy varlable.l

lIn Pittsburgh, since only 4 percent of all units were furnished,
small sample sizes prevented any interaction term of furnishings error with
number of rcoms. Although almost one-third of all Phoenix units were fur-
nished, the vast majority of these were small units, therefore preventing
an accurate specification of an interaction term with number of rooms.
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To further assess the accuracy of estimation, the equations were estimated

on five separate populations:

1. General — (Pittsburgh = 1,570; Phoenix = 1,524). This sample
consisted of all households not in their own home or subsidized
housing, that did not receive a reduced rent because they worked
for their landlord, that 4did not move between the Baseline Inter-
view and enrollment and that had extreme values for residuals in
‘the final hedonic equation. The first three selection criteria
eliminated households that had extreme or missing values for
rent. The fourth selection eliminated a small number of house-

holds for whom the model predicted poorly.

2, Consistent Utality Pavments - (Pittsburgh = 1,295; Phoenix = 1,293).

This sample selected from the general sample all households who
paird for gas, heat, and electricity, and those who did not pay for
any of the three. 2As indicated in Tables III-1 and IIT-2, thais
included the majority of units. The hypothesis was that the model
would predict errors in utility adjustments most accurately if it
was estimated on units that either had ne additional payments for
the three utilities (and therefore no adjustments made to these
utilities), or had all three utilities but paid for them separately

(and therefore adjustments made for all three utilities).

3. Dwelling Unit Size — (Pittsburgh = 1,432; Phoenix = 1,417). Thas

sample selected from the general sample all dwelling units of
three, four, five, or si1x rooms. The hypothesis was that the
model would predact poorly for very small or very large units,
because the samples for these unit sizes are small. (A sample of
three-, four-, and five-room units was also tested, but no signi-

ficant differences were indicated.)

4. Stratificatiron by Dwelling Unit Size - This selected from the

general sample individual samples of one~ and two—, three-, four-,
five-, six-room units to produce samples containing all households

living in the same size dwellaing unit.
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5. unfurnished Units (Pattsburgh = 1,513; Phoenax = 1,037). This sample

selected from the general sample all unfurnished dwelling units. The
hypothesis was that the model would predict errors in utility adjust-

ments most accurately in the absence of furnishings adjustments.

A number of the more restricted samples provided little amprovement in
estimation over the general sample. Most of the estimates indicated similar
error patterns, although the exact amounts of these estimates differed. Two
estimates were finally sélected; an error estimate indicating the average
adjustment error for all households in the general sample (sample 1) that
had any adjustment and a more specific error estimate indicating the adjust-
ment error for water, for furnishings, and for the combination of gas, heat,
and electricity for the restricted sample of households with consistent
utility payments (sample 2). Alsc, the average adjustment error was esti-

mated for households in unfurnished units in Phoenix (sample 5).

The results of the final eguations are lasted in Tables I¥I-3 to III-7.
Note that the coefficients of the adjustment/room interactions are small
relative to the coefficients for total rooms. Most of the coefficients
are significant and the adjusted ﬁgs approxaimate those for the general

linear medel (see Tables 3-3 and 3-5, Chapter 3}. w -

For the restricted sample, the individual dummy variables for utilities and
furnishings are equal to "1" when the utalaty or furnishings do not require
additional payment beyond contract rent. (Since, analytically, the coeffi-
cient for these variables i1s to be interpreted as the estimated adjustment

error, the signs of the coefficients for the utility wvariables are reversed

in the text in Chapter 3 to indicate the direction of error made 1in adijusting

contract rent when 1t dces not include utilities.)

The coefficirents for the variables interacting adjustments with number of
rooms are interpreted as adjustment errors per unit size. For example, the
adjustment error for water for a five-rcom unit would be estimated by multi-
rlying the coefficient of the water/room ainteraction by the unit size, 5.
The coefficients of the dummy variables andicating presence of adjusiments
are interpreted as base adjustment errors. These estimates are added to

the error estimates from the adjustment/room interactions to produce a
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Table IYI-3

ESTIMATION QF GENERAL ADJUSTMERT ERROR
{Dependent variable: analytic renkt} -

PITTS3SURGH
RZ = 0 584 EQ = 0.657 & = 89,371 N = 1,370
VARTABLE DESCRIPTION COEFFICIENT t—STBTISTICa
Related to landlord (0,1) =13 011 5.604
Length of residence (exponential functien} -14.727 19.886
Temuzre Landlord lives in the burlding (Q,1) -4.873 2.859
Characteristics
Numbexr of persons per room . 7.716 5,021
Number ¢f landlerd contacts for maintenance 1.0382 2.974
Area per room (natural log} la_9518 6.296
Total number of rooms {ancludes kaibchen & bath)
{natural log) 438 DC3 1L1.566
Buildzing age [(years) -0.231 T . 5185
Stove and refrigerator pravided (0,1} 14.087 7 3%7
Infexiox or no heat (0,1} ~6.682 5 023
Garage provided (O,L} 14 7172 7 281
offstreet parking provided (0,1} 2.412 1.335
Overall evaluator raring {4 point scale) 5 532 5.656
Dishwasher and/or disposal provided (0,1) 10 337 4.624
Owelling Becent 1ntorlor parnting or papering (0,1} 6 995 & 239
Unit
Features Many high gualivy fearozres {G,1) 7,047 2.835
Foor wall and ceriang surface (factor scorel -1_750 332
Poor sindow condition (factor score} -2.117 3.917
Poor bathroon wall and celling surface (factor
scorel ~1.492 3 089
Hign qualaity xitehen {0,1) 5.922 3.081
Prasence af adecuate axits {0,1} 3 958 2.094
Arr-conditicning present (0, 1) 2.920 L 780
Presence of adequate ¢exling aeaght (0,1} Z.308 1 343
adequate khitchen facilities present (0,1) 7 671 1.370
1 Large multafamly structure (0,1) 3 572 2 152
Good recreational facilitles and access [factor
score) 2 510 4,758
Traffic and litter oroblems (factor score) -1 489 2.410
Problems with crime and public services (factor
sCore) -1 7io 3041
Neirghborhood Cengus tracts with higher priced umits and hagher
Features gocloecnomie status (factor scorel 3 787 6 094
Nonminority census tracts Jith higher socioeconomic
status (factor score} 3.819 & 063
Blue collar workers and nenminority residents an
census tracts (factor ssore) -2.6552 5.366
dagh quality block face (G,1] 5 125 4,506
adjustment for gas, heat, electricity, water, or
Utilaity and furnishangs (0,1) -4 623 1.217
i:rnlsh;nqs &djustment for gas, heat, electricity, water, or
Justment -
furnishings % cumber of rooms 2 835 2 8l
CONSTANT -82.59745%

SAMPLE. ALl anrclleq housebolds, exclud:ing those that moved bpetween the Baseline Interview and
aareliment, taose with extreme values for resaduals, those living in a neighborhood with fewer than five
enrolled acuseholds, those livarg 11 own "wae or subsidized vousing, and those reporting work for landlord
11 l.eu of rent

DATA 3QURCES. 3Zasaline Interview, In:tial -ousehold Report rForm, Yousing Evaluation Form, 1570
=ensus of Population

4. A f-statistie » 1 0 indicates significance at the 0.25 level of conf:dence for a kwa-tailed test
and O 125 level of confidence for a one-tailed test
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Table 1TI-4

ESTIMATION OF GENERAL AODJUSTMENT ERROR
(Dependent variable. analytic rent)

THOEMNTX
R% = 0 799 R = 0.795 P = 228,327 N = 1,524
VARIABLE DESCRIPTION COEFFICIENT t—STATISTICa
Related to landleord (0,1} -14.989 6.393
Length of residence (exponential function} -22,089 11,991
Tenure
Characteristics Number of persons per room 8,290 6,481
Wumker of landlord contacts for maintenance 1.179 2.956
Area per rocm (natural log) 32.445 10.806
Total number of rooms (includes katchen & bath)
{natural log} 50,265 11.353
Buirlding age {years) -0 288 5.039
Stove or refrigerator provided {(0,1) 5.301 3.329
Central heat present (Q,1) 7.142 3.993
Dwelling Garage or carport provided (0,1} 4 107 3.249
Unait
Features Dishwasher and/or disposal provided (0,1) 8.162 4.375
Recent interior painting or paperang (0,1) 2.983 2,158
Average surface and structural gual:ity
{4 peint scalse) i4.156 9.318
Adequate l:ght and ventilation (0,1} §.413 5.18%
Central air-condirtioning present (0,1) 9.441 4.661
Large multifamily structure {(0,1) 4,488 2.484
Overall pneighborhood quality (factor score) 2.779 3.842
Recreational faealities (factor scoxe) 2,420 3.733
Access to shopping and parkaing (factor score) 1.265 1.704
Census tracts with hagher priced units and
higher socioeconemic status {(factor score) 3.593 3,787
Weirghborhood Owner-cceupled saingle family dwelling unaits
Features in census tracts (factor score) 1.201 1.757
Poor qualrty housing in census tracts (factor
s¢ore) ~3.11% 4.711
Distance from the Central Busaness Daistrict
(m1les) -0,488 3.312
quality of block face landscaping (4 poant
scale) 2.724 3.95%5
Adjustment. for gag, heat, electricity, water
Utility and . .
Furnishings or furnishings {Q,1) -33.570 7.450
Adjustments Rdjustment for gas, heat, electricity, water
or furpishings x pumber of zooms B_560 7.80%
CONSTANT -144.950

SEMPLE. All enrolled households, excluding those that moved between the Baselins Interview and
enrollment, those with extreme values for residuals, those living in a neighborhood with fewer than five
enrelled households, those living in own home or subsidized housing, and those reporting work for landlord
1 ligu of renk. -

DATA SOURCES: Baseline Interview, Initlal Household Report Form, Housing Evaluation Ferm, 1970
Census of Population.

2. A t-statistic > 1.0 indicates signifacance at the 0.25 level of confidence for a two-tailed

test and 0.)25 level of confidence for a one-tailed test.
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Takle III-5

ESTIMATION OF GERERAL ADJUSTMENT ERROR

(Dependent variable  analytic rent)

PHOENIX UNFURNISHED UNIT3

R% = 0 806 %2 = 0.800 F = 161.016 N = 1,037
VARIRALE DESCRIPTION CORFFPICIENT t—ST."u'JZ‘IS'I‘IC‘El
Related to landlexd (G,1) ~15.840 5 727
Length of residence ({exponentizl functicnl =-23.832 10 532
Tenure
Characteristics Number of persons per Iroom 7.590 4,860
Humber of landlord contacts for maintenance 1.156 2,418
Area per room {natural log) 32.278 7.214a
Total number of roems (includes kitchen & bath)
{natural log) 55.344 10.735
Buzlding age (years) -0.202 2.719
Stove or refrigeratcr provided (0,1} 8.237 4,584
Central heat presant (0,1) 8.64%6 3.796
Garage or carport provaided (0,1) 3.827 2.528
bwelling
Unzt Dashwasher and/or disposal provided (0,1} 5.970Q 3.15%9
Features Recent 1nterior painting or paperang (0,1} 2.14% 1 230
hverage surface and structural gqualaty
{4 poant scale) 15.539 8.292
1 Adequate light and ventilation (0,1) &.600 4.189
Central air-conditaoning present (0,1) 7.304 2.885
Large multifamily structure {(0,1) 5.158 2.384
Crrerall nelighborhood quality (factor score} 2.795 3.074
Recreational facilities (factor score) 2.639 3.269
Access to shopping and parking (factor score) 1.173 1.258
Census tracts with higher priced unats and
higher sogigeconomie status (factor score) 3.808 3.152
Neighborhood Owner-occupred saingle family dwelling units
Features in census tracts (factor score) 0.530 0.607
Boor guality housimg in census tracts (factor
score) 2.518 3.049
Pistance from the Central Business District
{miles) -0.430 2.317
guality of block face landscaping {4 point
scale) 3.648 4.158
Adjustment for gas, heat, electricity, water
Utility and
Furnishings or furnishaings {0,1) «25,.371 4.919
Bdjustments Adjustment for gas, heat, electricity, water
or furnishings x oumber of rooms 7 156 5.733
CONSTANT -160,450Q

SAMPLE: ARll enrolled households, excluding thoss that moved between the Baseline Interview and
enrollment, those with extreme values for res:duals, those living in a neighborhood with fewer than five
enro)led househaelds, those livaing 1n own home or subsidized housing, those reporting work for landlord

in lieu of rent, and those living n a unit with furnishings included 1n contract rent.

DATA SQURCES

Cansus of FPopulation.

Baseline Intervicw, Initial Household Report Form, Housing Evaluation Form, 1970

4. A t-statistic 2 1.0 indicates signrficance at the 0.25 level of confidence for a two-talled

test and 0.125 level

of ¢enfidence for a cne-tarled test.
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Table II1I-G

ESTIMATION O SPECIFIC ADJUSTMENT ERRORS
(Dependent variable. analytic rent)

PETTSBURGH
& = 0 857 B = 0 647 F = 66.954 M= 1,295
VARIABLE DESCRIPTION COEFFICIENT E-aTArISTIC¥
Ralatad to landlerd (0,1} -13 218 & 400
Length of residence (exponential functign) -15.954 10.962
Tenura _ 2
CharaGtaristics Lanilord lives in the Buildang (0,1} 1_978 1 024
Himbexr of parsons par Toom 7.191 4.383
Humber of landlerd contacts for maintenance o 900 2,276
Arpa per room (pnatural log) 16.725 5 316
Total number of rooms {ancludes kitchen & bhath)
{natural log} 60, 389 23.865
Building age (years) ! -0,197 3 998
Stove and refrigerator provided (0,1} 16.472 6.413
Inferior or no heat (0,1} -8,443 5.009
Garage provided {0,1) 15 594 7.338
Cffstreest parking provaded (0,1) -0.167 0.084
Overall evaluator rating (4 point scale) §5.091 4.334
Dishwasher and/cr disposal provided (0Q,1) 8 032 3.226
Dwelling Recent lOEaCior painting or papering (O,1) & 232 3.426
Unat
Features Many hagh qualaty features (0,1) S 972 1.992
Poor wall and ceiling surface {factor score) -1 223 2.151
Pooy window condition (factor score) -1 g§27 3.169
Pooxr bathroom wall and cealing surfsee
{factor scorve} -1.615 3179
High qualzity katchen [0,1) 4 401 2.087
Presence of adeguate exits {0,1) 0 430 0.187
Air=-conditianing present {0,1) 0 744 0.392
Fresence of adeguate cexrling heaght [0,1) 3.6857 2.032
Adequate kitchen facilities present ([G6,1) 7 986 L 385
Large multifamily structuze (D,1) 2.558 1 208
Good recreational facilitims and access
{factor score} 3.092 5.351
Traffic and litter problems (factor score) =1.373 2.044
Problems with crame and public services
(factor score) -0.820 1.31%
Heighborhood Census tracts with haigher priced units and
Features higher socicezonatic status {factar score) a.s21 5.007
Nonminority ¢ensus tracts with higher soclo=
economas status {factor scorae} 3 545 5.204
Blue collar workers and ponmanority residents
"t in census tracts (factor score} -2.392 4 474
Hagh quality block face (0,1} 4.311 3 483
¥o additional payment for gasg, 2eat, and 2lec- -5.358 1.033
trac:ty (Q,1}
Utalzty and Ne additional payment for gas, neat, and slec-
Furnishings tricity ¥ "umber of rooms -0 418 0 330
Adjustments ¥o additional payment for water included x =0 BLY% 3.224
Tumber of Zooms
Furnishings .ncluded in rent (0,1} -4.832 1 397
CONSTANT -81 2885

SAMPLE  All emrolled households, excluding those ehat moved hetween the 3aseline Interview and
enrollsent, those with extreme values for xesiduals, those living 1n a neaghborhood with Fewer than fave
enrnlled hougeholds, these living in own home or subsidized housing, and those reporting work for landlord
10 lieu of rent.

DATA SCURCES: Basgeline Iatexview, Initial Househald Report Form, Houslng Evaluation Form, 1370
Censua of Bopulation.

a, A t-statistzc 3 1.0 indicates signafacance at the 0.25 level of confidance for a two-taailed test
and 0.125 leval of confidence for a sne-talled tese,
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Table IXI-7

ESTIMATION OF SPECIFIC ADJUSTMENT ERRQRS
analvtie rent)

(Dependent variable

PHOEMIX
R: = 0 792 R =0 788 P = 172 307 N = 1,293
VARIARLE DESCRIFPTION COEFFICIENT t-STATISTICa
Related to landlord (D.1) ~13.555 5.271
fenure Length of residence (exponential functicn) -24.461 11.99%
Characteristics Number of peraonhs per room 8.281 6.055
Humber of landlord contacts for maintenance 1.036 2,335
Area per room {natural log) 33.332 9.911
Total number of roems {includes kitchen & hath)
(natnral log) 79 578 25,193
Building age (years) -0,248 3.968
Stove or refrigerator provaded (0,1) 6,098 3.306
Central heat present (G,1) 7.885 3.962
Dwelling Garage or carport provided (0,1} 4,133 2.906
Unit
Featuras Dishwasher and/cr dispesal provided (0,1 7.540 3.387
Recent intarlcy painting ©r papering {0,1l) 2 876 1 848
Average surface and stxuctural qualaty
{4 point scale) 14.313 &, 898
Adequate l:ight and wventilatiopn (G,1}) 5,048 4_238
Central air-conditioning present (0,1} 8.765 3.73%
Large multafamily structure {G,1) 4 640 2.173
Overall neighborhood qualaty (factor score) 2,715 3.367
Recreaticnal facilaities (factor scare) 2.879 3.966
Access to shopping and parking (factor score) 0.580 0,628
Census tracts with higher priced wnits and
higher sociceconomic status (factor scors) 4.325 4.107
Neighborhood Gwner-occcupied single family dwelling unats
Features in census tracts (factor score) 0.846 1,089
Poor quality housing in census tracts (factor
score) -3,083 4,264
Distance from the Central Business District
{m1les) -0.393 2.340
Quality of block face landscaping (4 point
scale) 2 335 3.078
No additional payment for gas, heat, and elec-
tricity (0,1) 12.016 2.1689
Utzlaity and No addational payment for gas, heat, and eleec-
Furnishings tracity  number of rooms -3.213 2.172
Adjustments Ro additaonal payment for water included x
number of rooms -0 271 0.750
Furnishings included in rent (0,1} =-8.686 5.732
CONSTANT =191.981

SAMPLE. All enrclled households, ex¢luding those that moved Letween the Baseline Interview and

enrollment, those with axtreme values for residuals, those living an a neighborhoed with fewer than five
enrolled households, those living 1n own home or subsidized housing, and those reporting work for landlord
i lieu of rent.

DATA SOURCES- Baseline Interview, Initial Household Report Porm, Housing Evaluation Form, 1970
Census of Populatico.

a. A t-statistie z 1.0 indicates significance at the 0.25 level of confidence for a two-tarled test
and 0.125 lewvel of confidence for a one-tailed test.

A-73



total estimated error of the adjustments for each unit 51ze.1

Although the results presented in Chapter 3 used analytic rent rather than
menthly contract rent as the dependent variable in order to obtain direct
estimates of error, utility costs can alsc be estimated for the restricted
sample by regressing unadjusted monthly contract rent on unit characteris-
tics and utility/furnishings variables. Again, using the terms develeoped
in the model presented 1n Section 3.4, the estimating equation for thas

specification 1s

R =3B + 2\ + ¢
where
R = monthly contract rent

"B = utailities, furnishings included in
contract rent, interacted with unitt
size

A = ukality, furnishings cost.

The results are presented in Tables ITI-8 and ITII-9. The difference between
these cost estimates and the utility table entries are not necessarily the
same as the error estimates deraved from amalytic rent.2 The difference be-
tween the estimated costs of gas, heat, electricity, and water and those
costs used an the utility tables is i1llustrated in Figures ITI-1 and III-Z.
In P:rttsburgh, the difference 1s almost constant for all unit sizes; in
Phoenix, the estimated costs are smmilar to the utility tables for all unat
s1Zes except very large units. 1In fact, the error measured by differences
between the cost estipates and the utility tables is samalar to the estimated

errors, as shown in Table ITI-10.

lThe predicted error in furnishings adjustment 1s difficult to
evaluate; the furnishing adjustment reduces the sum of contract zent plus
utzlities by a constant percentage and the dellar value of thas percentage
is not available as a unigue variable. The adjustments are made during the
derivation of analytic rent, and only the final analytic rent value exists
as a unigque variable.

zThe two would necessarily provide identical estimates only 1f the
structure of utility/furnishings variables exactly mirrors the structure
of the adjustments.
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Table III-8

ESTIMATION OF THE <0ST OF UTILITIES
{Dependent variable. unadjusted monthly contract rent}

PITTSEBURGH
g% = o 826 R = 0616 F = 58 586 W = 1,295
VARTARLE LESCRIPTION COEFPICIENT t-S‘I‘ATISTIca
Related to landlord {(0,1) ~12.828 6 244
Longth of resadence (exponential functicn} -16.593 11 480
Tanure
- 1.117
characteristics Landlord lives in the building (0,1) 2 148
Number of persons per room 7 283 4£.463
Mimbar of landlerd contacts £or maintenance 0.851 2,184
Area per room [natwral legl 13 548 4,338
Total number of roams (includes kitchen & bath)
{natural iog) 37 za40 14.348
Building age (yeazrs) ~0.181 3 #86
Stove and refrigerator provided (0,1) 16,254 5.284
Inferior or no heat (0,1) ~8.072 5.740
Garage provaded (0,1) 14 912 7 052
Qffstreat parking provided (0,1} 0.086 0 045
Overall ewaluater zating (4 poant scale) 5 349 S.105
Dishwasher and/or disposal provided (0,.1) 7 407 3.045
owelling Recent 1nterior paigting or paperiny {G.1) 6 235 3.444
Uoit
Peaturss Many h1gh quality features (0,1} 5.510 1.847
Poor wall and ceilipg surface {(factox score} ~1.293 2 286
Pooy window condition (factor score) =1.873 3.265
Poor bathroom wall and cailing surface
{factor scoxe) ~1.422 2.815
Hagh quealaty kaitchen (C,1) 4.600 2.152
Presence of adequate ex:its {0,1} a.125% 8.055
Air~conditionang present {G,1) 0.993 0 526
Pregence of adecuate ceiling height (0,1} 3.052 1 705
Adequate kxtchen facilaties present (0,1} 9.476 1.656
Large muitzfamily structure {0,1) 2 045 0.971
Good recreational facailities and access
(factor score) 3 21s 5.594
Traffic and litter problems {factor score) ~1.393 2.085
Probiems with ecrame and public services
(factor score) -0.757 1.220
¥eaghborhood Census tracts with higher priced unmits and
Featurss higher sociceconcmic status [factor scors) 3 241 4 84z
Honmancraity cenggs tracts with higher socio-
economie status (factor scorel 3.887 5 706
Blug collar workers and nonmaineraity residents
in census tracts {factor scora) -2.504 4 702
Bigh quality block face (0,1} 4.322 3 309
o add:tional payment for gas, heat, and
electrrcity {0,1) 3 934 0 763
Utrlaity and No additional payment for gas, heat, and
Furnishaings electricity ¥ numoer of rooms 3 887 2.921
Adjustments Yo additional pavment for water inciuvded x
nunker of rooms 0 359 2 274
Puyrnishings ancluded in reng (0,711 4,512 1.32
CONSTANT ~B1 497

SAMPIZE: All enrclled households, excluding those that moved between the Baseline Interview and
enrollment, those with ext¥eme values for residuals, those living in a neighborhbood with Fewer than five
enxolled houselolds, those living in own home or subsidized housing, and those raporting work for landlord
1o lieu of rent.

DATA SOURCES  Baseline Interview, Initial Househald Report Form, Housing Evaluation Torm, 1970
Census of Population.

2. A t-statistic 3 1.0 ipdicates significance at the (.25 level of confidence for a two-tailed test
and 0.125 lavel of confidance for a cne~tailed test.
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Table IXI-9

ESTIMATION OF THE COST OF UTILITIES
\Decendent viriable unaciusted monthly contract rent)

PHOENIX
4 —2
rR" =0 785 R® = 0 780 F = 165 083 N = 1,293
VARIABLE DESCRIPTION COEFFICIENT t-—S'I‘;‘\'I.'ISTICa
Related to landlerd (0,1) -14.926 5.731
Length of residence (exponential function) -24.868 12.046
Tenure
Characteristics bumber of persons per room 9 227 6.662
Number of landlord contacts for maintenance 1.112 2.500
Area per rocom (natural lag) 31.499 9.249
Total number of rocms (includes katchen & bathl
{(natural log) 51.17¢9 15,999
Buildaing age (yeaxrs) ~0.291 4.599
Stove or refrigerator provaded {0,1l} 6.4%0 3 684
Central heat present (Q,1) T.451 3.697
Dwelling Garage or carport provided (0,1) 4,158 2.888
Unat
Features Dishwasher and/or dispossal provided (0,1} 7 606 3.374
Recent interior painting or paperang {0,l} 3.229 2,050
Average surface amd structural gqualaty
{4 poant scale) 15.205 9 124
Adeguate light and went:ilation (90,1} 5.564 3 934
Central air-conditioning present (0,1) 10.281 4.331
Large multifamily structure (C,l1) 5.402 2,458
Overall nerghborhood quality (factor ascore) 3 032 3.713
Recreational facailities {factor score) 2.90%6 3 953
hocess to shoppaing and parkaing (factor score) 0.997 1 186
Census tracts wath higher priced umits and
higher scocioeconomic status (factor score) 4.011 3,761
Neaghborhood cvmer—ocogpled single family dwelling units
Features in censua tragts {(factor score) 0.772 0.983
Poor quality housing in census tracts (factor
score) -3.524 4.806
Distance from the {entral Business District
(m1les) ~0.434 2.552
Quality of hlock face landscaping {4 point
scale) 1.972 2.568
Mo add:iticnal payment for gas, heat, and
electricaity (0,1} 7.836 1.397
No additienal payment for gas, heat, and
Utzlity and electricity x nunber of rooms’ ! 4.750 3.171
Furnishings
Adjustments No additicnal payment for water included =
number of rooms 1.258 3 428
Furnishings included an rent (0,1) 7.683 5 007
CONSTANT -173.654

SAMPLE- All enrolled households, excluding those that moved between the Baseline Interview and
enrollment, those with extreme values for residuala, those living in a neighborhood with fewer than five
enrolled households, those living in own home or subsidized housing, and those raporting work for landlord
in lieu of rent.

DATA SOURCES  Baseline Interview, Initial Household Report Form, Housing Evaluation Form, 1970
Census of Population.

a. A t-statistic » 1.0 indicaves significance at the 0.25 level of confidence for a two-tailed tast
and 0.125 level of confidence for a cne-tailed test.
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Figure 111
COMPARISON OF ESTIMATED UTILITY COSTS TO UTILITY TABLES
PITTSBURGH

$40-

Utihity Table adj.
or cost of gas,
heat, electricity

$30+

estimated cost
of gas, heat and
electricity

320

DOLLAR COST

A e e S———

$104 ”
” Utility Table adj.
” for cost of

water

estimated cost
A e e e of watar

NUMBER OF ROOMS

SAMPLE Al enrolled households whio have no additional payments for the three major utilities — gas, heat, electricity
— or who pay extra for all thres utilrtres, excluding those that moved betwesn the Baseline Interviews and enroll-
ment, those with extreme values for residuals, those living 1n a neighborhood with fewer than five enrolled house-
holds, those iving in own home or subsidized housing, and those reporting work for the tandlord in lieu of rent

DATA SOURCES Initial Household Report Form, Houstng Evaluation Form
NOTE Dotted line indicates that there were less than 15 one-room dwelling units in the sample
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DOLLAR COST

Figure {11-2
COMPARISON OF ESTIMATED COSTS TO UTILITY TABLES

PHOENIX
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Uity Table ad).
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electricity
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of water
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NUMBER OF ROOMS

SAMPLE: All enrolled househalds who have no additional payments for the three major utilities — gas, heat, electncity
— or who pay extra for all three utilities, excluding those that moved hetween the Baseline Interviews and enyoll-
ment, those with extreme values for residuals, those living 1 a newghborhood with fewer than five enrolled house-
holds, those living in own home or subsidized housing, and those reporting work for the landlord m lieu of rent

DATA SQURCES Initial Household Report Form, Housing Evaluation Form
NOTE Dotted line indicates that there were less than 15 one-room dwelling units in the sample .
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Takle 1II-10

COMPARISON OF ESTIMATED UTILITY COSTS
TO UTILITY TABLES AND ESTIMATED ADJUSTMENT ERROR

GAS, HEAT, AND ELECTRICITY

DWELLING UNIT SIZE (Rooms) 2 3 4 5 [
PITTSBURGH

Estimated cost {(predicted with monthily

contract rent) 11.31 15.00 18.69 22.38 26.07

Errxor derived from d:irfference hetween

utzlrty table and estimated cost 5.9 5.0 .31 7.62 8.93

Estimated error (predicted wath

analytic rent) £.20 6.2 7.04 T.46  7.88
PHOENTX

Estimated cost (predicted with monthly .

contract rent:) 17.34 22.09 26.84 31.59 36.34

Error derived from difference between

estimated cost and utility table -1.34 =-0.09 0.18 3.41 7.66

Estimated erzor {predicted with

analytic rent} -5.60 =-2.3% (.82 4,03 7.24
WATER

DWELLING UMIT SIZE (rooms) 2 3 4 5 6
PITTSBURGH

Estimated cost {(predicted with monthly

contract rent) 1,12 1.68 2.24 2.80 3.38

Error derived from difference between |

estimated cost and utility table 1.88 2,32 3,76 4.20 4.64 |

Estimated error {predicted with

analytic rent) 1.64 2,46 3,28 4.10 4.92

PHOENIX

Estimated cost (predicted with monthly
contract rent) 2,52 3.78 5.04 6.30 7.56

Brxor derived from difference between
utility table and estimated cost 1.48 0,22 =0.04 -0.30 1.44

Estimated error {(predicted with
analytic rent) 0.54 0.81 1.08 1.35 l.62

SAMPLE: All enrclled households who have no additional payments for
the three major utilities--gas, heat, electricity--or who pay extra for all
three utilaties, excluding those that moved between the Baseline Interview and
enrollment, those with extreme values for residuals, those living in a neigh-
borhood with fewer than five enrclled households, those living in own home or
subsidized housing, and those reporting work for landlord in lien of rent.

DATA SOURCES: Inatial Household Report Form, Housing Evaluation Form.
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APPENDIX IV
DESIGN OF THE DEMAND EXPERIMENT

This appendix presents a brief overview of the Demand Experiment’s purpose,

reports, data collection, experimental design, and sample allocation.

w.1 PORPOSE OF THE DEMAND EXPERIMENT

The Demand Experiment is one of three experiments established by the U.S.
Department of Housing and Urban Development (HUD) as part of the Experi-
mental Housing Allowance Program.l The purpose of these experiments is to

test and refine the concept of housing allowances,

Under a housing allowance program, meney (the allowance) is gaven directly
to individual families in need to assist them in ¢btaining adequate housing.
The allowance may be tied to housing by making the amount of the allowance
depend on the amount of rent pard or by requiring that households meet
certain housing requirements to receive the allowance payment. The
initrative in using the allowance and the burden of meeting housing require-
ments are placed on the indavidual family rather than on developers,

landlords, or the government.

The desirzbility, feasibrlity, and appropriate structure of a housing
allowance program have not been established. Housing allowances could be
less expensive than some other kinds of housing programs bscause they

allow fuller utilization of exrsting sound housing; the allowance 1s not
necessarily tied to new construction or to special classes of dwelling units.
Housing allowances may alsc be more equitable. The allowance ¢an be adjusted
rapidly to changes in income without forcing the family to change units.
Recipient families may, if they desire, use their own resources (by either
baying higher rent or searching carefully} to obtain better housing than

is required to recerve the allowance. BAs long as program requirements are

met, housing allowances permit families considerable choice in determining

1
The other two experiments are the Housing Allowance Supply Experi-—
ment and the Admanistrative Agency Experiment.
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the housing they want--where they live (near schools, near work, near
friends, or relatives), or the type of unit they live in (single-family or
multi-famly). Finally, housing allowances could be less costly to admimis-
ter. Program requirements need not cover every detail of participant
heusing. The burden of specifying and administering details that are not
essential tc the government, and of obtaining housing that meets require-
ments that are essentizl, is shifted from program administrators to
participants and the private market. Because the program 1s less visible
(the action in the housing market rests with individual families and can

be dispersed over the entire market}, there may be less public pressure on

the admnistering agency.

These potential advantages are not unguestioned. Crartics of housing
allowances have suggested that poor families may lack the necessary experli-
ence with and knowledge of the private market for better housing to use
allowances effectively; that special groups such as the elderly will not

be effectively served without direct intervention to change the supply of
housing to meet their needs; that administrative costs could rise uncontrol-
lably; and that increasing the demand for houwsing without direct support for
constructazon of new units will result in a substantial inflation of housirng

costs.

If housing allawances are desirable, they could be implemented by means of
many different program structures. There 1s a wide range of possible
allowance formulas, housing requirements, nonfinaneial support (such as
counseling}, and administrative practices which could substantially affect

both the costs and impact of a housing allowance program.

The Demand Experiment addresses issues of feasibility, desirability, and
appropriate structure in terms of how individuals {as opposed to the market
or administering agencies) react to various allowance formulas and housing
standards requirements. The analyses and reports are designed to answer

six policy guestions:

1. Participation

Who participates in a housing allowance program? How does the form
of allcwance affect the extent of participation for various house-
holds?
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Housing Improvements

Do households receiving housing allowances in fact rmprove the
quality of their housing? At what cost? How do households
receiving a housing allowance seek to improve theilr housing--

by moving, by rehabilitation? With what success?

Locational Choice

For those participants who move, how do the locational choices
of allowance recipients compare with existing residential
pattems? Are there nonfinangial barriers to effective use of

a housing allowance?

Administrative Issues

What admanistrative issues and assoclated costs are involved in

the zmplementation of a housing allowance program?

Form of Allowance

How do the different forms of a housing allowance compare in
terms of participation, housing guality achiewved, locational

choice, costs {including admnistrative costs), and equity?

Comparison with Other Programs

How do housing allowances compare with exasting housing programs
and with income maintenance in texrms of particapation, housing
quality achieved, locational choice, costs (including adminis-

trative costs), and equity?

The first three policy questions ask about the results of a housing zallow-

ance program. Participation can substantially affect both program costs

and program desirability. Income transfer programs ordinarily do not

enrcll all those who are eligible. This cbviously affects their potential

scale and costs. At the same time, 1.f a program fails to reach such key

groups as the very poer, it may fail in 2ts purpose, no matter how success-

ful it is for those whe do participate.

The issue of participation is particularly important in a housing allowance

Program. Such a program does not simply offer more money to needy house-

holds.

It generally requires that they meet certain housing requirrements
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to participate. The extent and nature of these requirements may make
successful participation more or less difficult and desirable for various

groups, Such as the very poor, the elderly, or minorities.

The improvement in housing achieved under a housing allowance program is
cbviously central to judging its success. Housing improvement may be
measured in terms of the change in the amount of housing purchased (essen-
tially, the rent paid), achievement of certain specified guality levels in
housing, or participant preferences and satisfaction with housing. Major
issunes include not only how these measures of housing change but what

measures are most appropriate.

By providing poor households with a greater range of locational choica, a
housing allowance may alter patterns of racial and sociceconomic ;egregation.
In any case, the ability and interest of eligible households in searching

for new housing can substantially affect their ultimate benefits from a
housing allowance program. Examination of the degree of success with which
households search for new housing may suggest the need for nonfinancial
support, such as counseling, provision of vacancy lists, or equal opportunity

support.

The fourth policy question concerns administrative issues. Although admin-
istrative i1ssues are not a central concern of the Demand Exper:ment, analysis
of the procedures used in the experiment may shed some light on selected
1ssues, such as verification of participant income and household size, the
need of providing housing information to participants, or appropriate

coordination with other transfer programs,

The Demand Experiment studies a variety of potential housing allowance
programs. It is designed to allow policymakers to make an informed choice
among alternative forms of housing allowance programs. The fifth policy
guesticn asks how the effects of the allowance in termg of participation,
housing change, locaticnal choice, equity, and costs vary across different

forms of housing allowance programs.

The last policy question asks how a housing zallowance program compares with
other housing programs or with income maintenance in terms of participation,

housing quality achieved, locational choice, costs, and equity.
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Iv.2 REPORTS

The first analytic reports from the Demand Experiment will be submitted in
1976 and early 1977, These reports will examine key analytic issues using
data collected during the first year of participation. They are intended
to test basic analytic models and concepts and to i1dentify areas for
further woxk. The topics for these reports are grouped around areas
defined by the first three policy questions: participation, housing

consumption, and location.

The final set of reports, to be submitted in 1977 and 1978, will be based
on the full two years of experimental data and will represent the final
analytic products of the experiment. These reports address each of the

8ix policy questions in tuzn.

Iv.3 DATA COLLECTION

The Demapd Experiment is conducted at two sites—--Allegheny County, Pennsyl-
vania (Pittsburgh), and Maricopa County, Arizona (Phoenix}. Most of the

information on participating households i1s collected from:

Baseline Interviews conducted by an independent survey operation
before households are offered enrollment

Initial Househoeld Report Forms and monthly Household Report Forms
completed during and after enrollment to provide operating and
analytic data on household size and income and on expenditures for
housing

Supplements to the Household Report Forms completed after enrollment
to provide data on assets, income from assets, actual taxes paid,
income from self-employment, and extracrdinary medical expenses

Housing Evaluation Forms completed by site office evaluators at
least once each year for every dwelling unit occupied by partici-
pants, to provide information on the quality of participant housing
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Periodic Interviews conducted approximately 6, 12, and 24 months
after enrcliment by an independent survey operation

Exit Interviews conducted by an independent survey operation for a
sample of households that decline the enroliment offer or leave
the program.

Surveys and housing evaluations are also administered to a sample of parti-

cipants in exasting housing programs.

The experimental programs in the Demand Experiment continue for three years
after enrolliment is completed. At the end of that time, eligible and inter-
ected allowance families will be arded in entering other housing programs,
especially the Section 23 Leased Housing Program. Analysis will be based
on data from only the first two years of paxtiélpation. The exper;mentél
programs are continued for one additional year to avoid confusing partici-
pants' reactions to the ongoing experiment with thelr adjustments to the

phaseout of the experiment.

Iv.4 ALT.OWANCE PLANS USED IN THE DEMAND EXPERIMENT

The Demand Experaiment directly tests three combinations of payment formulas
and housing requirements and five te six variations within each of these
combinations-—-a total of 17 variations. These 17 varlations allow some
possible program designs to be tested directly. More important, they allow
estimation of key responses in terms of such basic program parameters as the
level of allowances, the level and type of housing requirements, the minrmum
fraction of its own income which the family is expected to contribute

toward housing, and the way in which allowances vary with family size,
income, and rent. These response estimates can then be used to address the
policy guestions, not just for the program plans directly tested but for a
much larger set of candidate program plans.l

lThe basic design and analysis approach, as approved by the HUD

Cffice of the Policy Development and Research, is presented in Abt Asscociates
Inc., Experimental Design and Analysis Plan of the Demand Experiment,
Cambridge, Mass., March 1973, revised August 1973, and in Abt Associlates Inc.,
(footnote continued on next page}
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Two payment formulas are used in the Demand Experiment--Housang Gap and
Percent of Rent.

Under the Housing Gap formula, payments to families constitute the diffexr-
ence between a basic payment level, C, and some reasonable fraction of

family income. The payment formula is
P=C-bY

where P 1is the payment amount, C is the basic payment level, "b" is the rate
at which the allowance 1s reduced as income lncreases, and Y 1s ghe net
family income.l In the experiment, the basic payment level, C, varies with
household size and is proporticnal to C*, the estimated cost of modest,
existing standard housing at each site, and varies by household size.2

Thus, the payment in the Housing Gap formula can be interpreted as making
up the difference between some fraction of the cost of decent housing and
the fraction of its own income that a household should be expected to pay

for housing.

Under the Percent of Rent formula, the payment is a percentage of the
family's rent. Thus, the payment 1is determined by

P = aR

where R is rent and "a" is the fraction of rent paid by the allcwance. The

values of "a" remain constant once a family has been enrolled.3

{footnote continuwed from previous page)

Summary Evaluation Design, Cambridge, Mass., June 1973. Details of the
operating rules of the Demand Experiment are contained in 3bt Associates Inc.,
Site Operating Procedures Handbook, Cambridge, Mass., April 1973, updated
periodzcally.

1In addition, whatever the payment calculated by the formula, the
actual payment cannot exceed the rent paid.

For more detaarled discussion regarding the derivation of C*, refer
to Abt Associates Inc., Working Paper con Early Findings, Cambridge, Mass.,
January 1975, Appendix II.

3Five values of "a" are used in the Demand Bxperiment. Once a family
15 assigned its "a" value, the value generally stays constant in order to aid
experimental analysis. In a national Percent of Rent program, "a" would
probably vary with income and/or rent. Even in the experiment, 1f a family's
inceme rises beyond a certain point, the "a" drops rapidly to zero. Similarly,
the payment under Parcent of Rent cannot exceed C* {(the maximum payment under
the modal Housing Gap plan}; this effectively limits the rent subsidized to
rents less than C*/a.
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The Percent of Rent payment formula is directly tied to rent: a household's
allowance payment is proportional to the total rent. Under the Housing Gap
formula, however, two additional housing regquirements are needed to tie the

allowance to housing: Minimum Standards and Minimum Rent.

Under the Minimum Standards requirement, participants must occupy dwellings
meeting certain standards to receive the allowance payment. Participants
ceccupying units that do not meet these standards must either move or arrange
to improve their current units to meet the standards. Participants already
living 1in housing that meets standards may use the payment to pay for
better housing or to reduce their rent burden (the fraction of income

spent on rent) in their exasting units.

If housing quality were broadly defined to include all residential services,
and if rent levels were highly correlated with the level of services, then
a strairghtforward housing requirement {one relatively inexpensive to admin-
ister) would be that recipients spend some minimum amount on rent. Minimm
Rent is considered as an alternative to Minrmum Standards in the Demand
Experiment, so that differences in response and cost may be cbserved and
the relative merits of the two types of requirements assesged. Although

the design of the experiment uses a fixed minimum rent for each househeold
gize, a program for direct cash assistance could employ more flexible
versions. Such versions could, for example, combine features of the Percent
of Rent formula with the Minimum Rent requirement.1 Thus, the three combina-
tions of payment formulas and housing requirements used in the Demand
Experiment are Housing Gap Minimum Standards, Housing Gap Minimum Rent, and

Paercent of Rent.

The Housing Gap allowance plans are shown in Table IV-1below. The first
nine plans all have "d" equal to 0.25, and include three variations in the
level of C {1.2C%*, C*, and 0.8C*) and three variations in housing require-
ments (Minimam Standards, Minimum Rent Low (0.7C*} and Mirmamum Rent High
(0.9C*)). The next two plans have the same Jlevel of C (C*) and the Minimum
Standards Housing Requirement, but different levels of "b"--the tenth plan

1 )

For example, instead of receiving nothing if their rent is less
than the Minimum Rent, households might be paid a fraction of their allow-
ance depending on the fraction of Minimum Rent paigd.
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Housing Gap Formula:

b VALUE

Symbols:

Table IV-1

HOUSING GAP ALLOWANCE PLANS

P = C - bY where C 1s a multiple of C*

HOUSING REQUIREMENTS

MINIMUM MINIMOM MINIMOM NO
STANDARDS RENT LOW RENT HIGH REQUIREMENT
= Q.7C* = 0.9C*
C LEVEL
c* Plan 10
1.2Cc* Flan 1 Plan 4 Blan 7
Cc* Plan 2 Plan 5 Plan 8 Plan 12
0.8Cc* Plan 3 Plan 6 Plan 9
c* Plan 11
b = Rate at which the allowance decreases as the income ncreases.

C* = Basi¢ payment level (varied by family size and also by site).
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has "b" egual to 0,15 while the eleventh plan has "b" equal to 0.35. The
twelfth plan has no housing reguirement.

Eligible households that do not meet the housing requirement can stall
enroll. They receirve full payments whenever they meet the requirements

and may do so anytime during the three years of the experiment. Even
before they meet the housing requirements, such househelds receive a payment

of 310 per month if they complete all reporting and interview requirements.

Within the Housing Gap design, the mean effects of changes in the allowance
level and housing requirement can be estimated for all major responses.

In addition, interactions between allowance level and housing requirement
can be assessed. Responses to variations in the allowance/income schedule
{changes in "b") can be estimated for the basic cormbination of the Minimum

Standards housing requirement and C¥*,

The Parcent of Rent allowance plans consist of five variations in "a", the

proportion of rent paid to the household, as shown in Table IV—2below.1

Table TV-2
PERCENT OF RENT ALLOWANCE PLANS

Percent of Bent Payment Formula: P = aR

Allowance Plan 13 14-16 17-19 20~22 23

vValue of "a" 0.6 0.5 0.4 0.3 0.2

A demand function for housing will be estimated primarily from the Percent
of Rent observaticns. This demand function should provide a powerful tool
for analysis of altermative forms and parameter levels of housing allowance

progranms.

In addition to the various allowance plans, Control groups are necessary

to establish a reference level for household responses, hecause a number of

lDes:Lgnatlon of multiple plans for certain "a" values reflects an

early assignment convention and dozs not indicate that the households in
these plans are different.
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uncontrolled factors may also induce changes 1n family behavier during the
course of the experiment. Control households receive a monthly cooperation
payment of $§10. They report the same information required of households
receiving allowance payments, including household composition and income;
they permit housing evaluations; and they complete the Baseline Interview

and the three Periodic Interviews. (Control households are paid an additional

$25 fee for each Periodic Interview.)

Two Control groups are used in the Demand Experiment. Members of one group
(Plan 24) were offered a Housing Information Program when they joined the
experiment, and were paid $10 for each of five sessions attended. (This
program was also offered to all househelds that were offered allowances,
but these households were not paid for attending sessions.) The other
Control group {Plan 25) was not offered the Housing Information Program.

All the households in the various allowance plans had to meet a basic modal
income eligibility requirement. This was defined (approximately) by the
rncome level at which the househeld would receive a zero payment under the

Housing Gap formula:
P =C* - 0,25Y.

In addition, households in plans with lower payment levels (Plans 3, 6, 9,
and 11) had to have incomes low encugh to recelive payments under these
plans. Finally, only households with incomes in the lower third of the
eligible population were eligible for enrollment in Plan 13 and only those
in the upper two thirds were eligible for Plan 23.

Iv.5 THE SAMPLE AFTER TWO YEARS

Mach of the analysis of the impact of the housing allowance will bhe baged
on two years of experimental data. For this report the primary sample

is all enrolled homseholds (with exclusions specified in tables); Section
4.3 also uses the two-year sample. Table IV-3 presents the sample sizes
for households active at enrollment and after two years for ecach tzeatment

plan.

Active households include both households receiving a full payment and those

not receiving a full payment. Households zecelving full payments meet all
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Table IV-3

SAMPLE SIZE AT ENROLLMENT AND TWO YEARS
AFTER ENROLLMENT BY ALLOWANCE PLANS

ALLOWANCE ENROLLMENT SAMPLE TRO YEAR SAMPLE
PLANS PITTSBURGH PHOENIX PITTSBURGH PHOENIX
TOTAL HOUSING GAP 701 765 512 421
1 43 48 33 30
2 59 74 42 35
3 62 66 43 39
4 43 42 34 24
5 62 70 50 39
6 61 63 44 35
7 45 a3 30 30
8 67 78 44 a4
9 67 70 43 35
10 57 64 45 36
11 60 77 41 34
12 75 70 63 40
TOTAL PERCENT OF RENT 510 490 407 298
13 34 32 28 21
14-16 121 114 109 81
17-19 145 120 113 66
20-22 118 140 92 84
23 92 84 65 46
TOTAL CONTROLS 434 525 321 282
24 210 262 159 137
25 224 263 162 145
TOTAL 1645 1780 1240 1001

SAMPLE: Enroliment Sample: A1l enrolled househeclds, excluding those
above the 1ncome eligaibilaty limit.
Two Year Sample: Households active at two years, excluding
those enrclled above the income eligibility limit, and
those that moved inte subsidized housing or their own homes.
DATA SOURCE: Payments file.
a. See Tables IV-land IV-2for a description of the allowance plans.
b. Control households in plan 24 were offered the Housing Informa-
tion Program; those in plan 25 were not.
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reguirements (including the housing requirements) and receive the full
subsidy for which they are eligible given income, houschold size, and rent.
Those not receiving a full payment receive only a monthly cooperation
payment. Households fall in the latter group 1f they are homeowners, live
in subsidized housing, have not met housing requirements, or have not
turned in a rent receipt, but at the same time meet all other reporting

and eligabilaity reguirements.
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APPENDIX V
PROGRAM EHOUSING AND OCCUPANCY MEASURES

This appendix describes the housing and occupancy measures used in the
analysis. These measures are based on the Minimumm Standards housing require-—
menf- used 1n one part of the experiment. While such a reguirement 1s not
imposed on the Percent of Rent households included in the analysis in this re-

port, they provide a convenient, if c¢rude, measure of dwelling umit quality.

The discussion is organized as follows. The first section discusses the
derivation of the program Minimum Standards requirement for housing quality,
with special attenticn to 1ts relationship to the Bmerican Public Health
Association (APHA) code. The second section describes the various compo~
nents of the Minimum Standards regurrement including both physical require-

ments on the dwelling unit and occupancy regquirements.

V.l DEVELOPMENT OF THE MINTMUM STANDARDS HOUSING REQUIREMENT

There being no specific, generally accepted definition of standard housing,
the program definition of minimum standards, which includes housing and

occupancy standards, was not predetermined and thus had to be developed.

The American Public Health Association-Public Health Service (APHA-PHS)

Recommended Housing Maintenance and Occupancy Ordinance (revised 1971) code

and the Urban Institute’'s modification of :Z.t:L gerved as the basic model

for defaining the standards. Table V-1 shows the relationship bhetween

this model and the program standards. The table compares the elements

of the APHR Code, the Urban Institute's modification, and the Minimum Stan-
dards requirement. An element 13 indicated ag comparable if the general
meanang is similar, even though it may not be treated identically by all

three.

1Urban Institute Working Paper No. 205-8, April 28, 1972.
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Table V=1
POTENTIAL EIEMENTS FOR HOUSING STANDARDS

MINIMUM
1 APHA/CODE STANDARDS
APHA MODIFIED DPROGRAM
CODE BY U2 DEFINITION
Space per Occupant
Total space X X {3)
Max # persons per
room or per hedroom X X X
INTERTIOR STRUCTURE
Closet space X X (1)
Bx1ts X X x3
Walls and Ceilings X X X
Ceailing Height X X X
Floors X X X
Stairrways X X {1)
Ext. doors, skylights X X {4}
Windows X X Included under
Ventilation
HEATING, ELECTRICITY,
VENTILATION
Electrical outlets XL X X
Heating X X b4
Venting {(of heating) b 4 ):4 X
Ventilataion
{windows) X X X
OTHER STRUCTURAL
REQUIREMENTS
Handrails X )4 {n
Rat proofing X X {3)
Screens on low windows X (3} (1)
Rat proofing, ext. doors,
openings X (3)
Concrete basement floor X {3)
Rat proof basement walls X (3)
QUTSIDE CONDITIONS
rrash and refuse X X {1)

Kez
Reasons for not including element in Minimum Standards
Program Definition:

(1) Too stringent

(2) Too infrequent

(3} Too complicated or time consuming to evaluate
{4) &ubsumed by other measure

1. American Public Health Agssociation

2. Urban Institute
3. Removed as requirement effective November, 1973.
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Table V-1 (continued}
MINIMGM
1 APHA/CODE STANDARDS
APHA MODIF%ED PROGRAM
CODE BY Ul DEFINITION
EXTERIOR
Fences X {2)
Accessory structures X {2)
Foundation X {3}
Roof structure X X
Stairs/Porches X {1}
Plumbing & Installation X Plumbing facilities
rated instead of
installation
Chimneys and flues X (1)
Fire proof const. (local
ordinance) X {3}
Wall structure X
Wall surfaces X
KITCHEN
Stove X X X
Refraigerator X X X
Sink w/hot & cold vater b X x3
Countsr & Cablnets X X (1}
Complete kitchen facailities X
Cealing or wall-typo light
fixrture X X
BATHROOM
Flush toxlet X X %
Bathroom sink X X X
Shower/torb X X X
vyentilatiron X X X
Bathroom door X X (4)
Drug storage facility X X (1)
Ceiling or wall-type light
fixture X X X
key

Reasons for not incluvding element in Minimum Standards

Program Definition:

(1) Too stringent
{2) Too infrequent

{3) Too complicated or time consuming to evaluate

(4) Subsumed by other measure

1. American Public Health Association

2. Urban Institute

3. PRemoved as requirement effective November, 1973.
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v.2 DESCRIPTION OF MINIMUM STANDARDS HOUSING REQUIREMENT

Takle V-2 ig a list of the Minimum Standards in the housing requirement as
they apply to the dwelling unit itself. The requirements are grouped into

15 components made up of related items.

Occupancy requirements are separate from the physical requirements listed
in Table v=2. However, the regquarements for light-ventilation, celling
height, and electrical service are applied to bedrooms in determining the
mmber of adequate bedrcoms for the program occupancy regquirement as

explained below.

The occupancy requirement sets a maximum of two persons for every adeguate
bedroom, regardless of age. (A studio or efficiency apartment i1s counted

as a bedrcom for occupancy standards.) An adequate bedroom 18 a room that
can be completely closed off from other rooms and that meets the following
program housing standards: ceiling height, light/ventilation, and electrical
services. In addition, the room must meet the housing standards for the

condition of room structure, room surface, floor structure, and floor surface.

Roomers and boarders are added to household size when determining whether a
household meets occupancy standards, because all of the rooms an the dwelling

unit are taken into account.
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Table v-2

COMPONENTS OF MINIMUM STANDARDS
(Pregram Definitaon)

1. COMPIETE PLUMBING

Private toilet facilitaes, a shower or tub with hot and cold
running water, and a washbasin with hot and cold running water

will be present and in working condition.
2. "COMPLETE XKITCHEN FACILITIES

A cooking stove or range, refrigerator, and kitchen sink with hot

and cold running water will be present and in working condition.
3. LIVING ROOM, BATHROOM, KITCHEN PRESENCE

A living room, bathroom, and kitchen will be present. (Thas
represents the dwelling unit "core," which corresponds o an

efficiency unit.)
4, LIGHT FIXTURES

A ceilang or wall-type fixture will be present and working in

the bathroom and kitchen.
5. ELECTRICAT,

At least one electric outlet will be present and operable in the
living room and kitchen. A working wall switch, pull-chain light
swaitch or additicnal electrical outlet will be present ain the

living room. &
6. HEATING EQUIPMENT

Units with no heating eguipment; with unvented room heaters which
burn gas, oi1l, or kerosene; or which are heated mainly with

portable electric room heaters will be unacceptable.

a. This housing standard i1s applied to bedrcoms in determining the
number of adequate bedrooms for the program occupancy standard.
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10

11.

12.

Table V-2 {containued)

ADEQUATE EXITS

There will be at least two exats from the dwelling unit leadaing to
safe and open sapre at ground level. (For multa-family building
only.) Effective November, 1973, (retroactive to program inception)
this requirement was modified to permrt override on case-by-case
basis where it appears that fire safety is met despite lack of a

second exit.
ROOM STRUCTURE

Ceiling structure or wall structure for all rcoms must not be in
condition requiring replacement {such as severe buckling or

leaning).
RCOM SURFACE

Ceilaing surface or wall surface for all rooms must not be in
condition requiring replacement (such as surface material loose,

containing large hcles, or severely damaged).
CEILING HEIGHT

For laving room, bathroom, and kitchen the ceiling must be 7 feet

{or higher) in at least one-half of the room.area.a
FILOOR STRUCTURE

[
Floor structure for all rooms must not ke i1n conditicen requiring
replacement (such as severe buckling or noticeable movement

under walking stress). -
FLOOR SURFACE

Floor surface for all rooms must not be i1n condition requiring

replacement (such as large holes or mlssing parts).

a. This housing standard 1s applied to bedrooms in deteyrmining the

number cof adequate bedrooms for the program occupancy standard.
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13’

14.

15.

Table V-2 {continued)

ROOF STRUCTURE
The roof structure must be firm.
EXTERIOR WALLS

The exterior wall structure or extericr wall surface must not need
replacement. (For structure this would include sich conditions as
severe leaning, buckling or sagging and for surface conditions such

as excessive cracks or holes.)
LIGHT/VENTILATION

The unit will have a 10 percent ratio of window area to floor area
and at least one openable window in the liwving room, bathroom
and kitchen or the equavalent in the case of properly vented

kitchens and/cr bathrooms.a

2. This housing standard 1s applied o bedrooms in determining the

number of adequate bedrooms for the program occupancy standard.
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APPENDIX VI
MASTER VARIABLE LIST

This appendix contains a master list of variables tested in the process
of building an hedonic index of housing. The first section describes
the dependent wvariable, analytic rent. Sections 2 through 10 contain
the independent variables describing tenure conditions and dwelling
urit and neighborhood attributes. Each section lists the variables,
their definitions, and their use in the final equataicns (1.e., included

or excluded).

vI.l ANALYTIC RENT (XACRAG1H)

The basic definition of analytic rent used in the hedonic analysis s
monthly payment for an unfurnished dwelling unit including basic uwtilities.
The adjustments made 1in deriving analytic rent (XACRAG1H) are summarized

below:

Contract Rent

Contract rent i1s adjusted to a monthly amount to provide a
common rental period.

Utilities Adjustment

Adzustments are made via saite-specific tables for electricity,
gas, heat, water, and trash collection 1f these are not included
in contract rent. No adjustment is made for any other utilities
or services, such as parking. The utility adjustment schedules
were updated in February 1975. EBoth the original and revised
schedules are contained in Table VI~l.

Farnishaings Adjustment

For furtnished unats a deduction for the cost of furnishings is
made, egual to 11.5 percent of monthly contract rent adjusted
for utilities. The analytical adjustment formula was developed
from the 1974 Phoenix Housing Cost Panel's estimates of the
additional cost of furnishings for units of varying sizes.l The

1
The Pittsburgh panel's estimates were not used because they did
not realistically reflect the additional cost of furnished unats.
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Table VI-1
UTILITY COST TABLES

(Dollar increment to contract rent per reported
utility by size of dwelling unat)

. ORIGINAL SCHEDULES REVISED SCHEDULES®
NUMBER OF ROGOMS IN DWELLING UNIT
(ANALYSIS DEFINITION) 1.2 3 4 5 o+ 1,2 3 4 5 6+
PITTSBURGH
Electricity $ 5 ) 7 9 11 $5 9 10 12 14
Gas 2 2 3 3 4 2 3 3 4 5
Heating fuel 10 12 15 18 20 10 15 18 21 23
Garbage collection 3 3 3 3 3 3 3 3 3 3
Water 3 4 6 7 8 3 4 6 7 8
PHOENIX
Electricity s11 16 20 24 29 $13 18 23 28 33
Gas 5 6 7 11 15 33 7 8 1z 17
Heating fuel 0 ] 0 0 0] 0 4] 0 0 0]
Garbage collecticn 3 3 3 3 3 3 3 3 3 3
Water 4 4 5 6 9 4 4 5 & 9

SOURCE: ILwocal service and utility companies and public officials.

a. Effective through the month of January 1975

b. Effective from February 1975 forward.

¢. Number of rcoms 1s defined as number of rooms useable as living space {excluding bathrooms, half-
rooms, unfinished basements or attics).

d. &all refrigeration and air-conditioning costs are reflected in the table entries for electricity
and gas.




rate of change in rent when nonfurnished and furnished un:its
of the same unit size were compared was estimated to be an
increase of 13 percent.l The estimate 1s transformed to an
adjustment in the following manner:

let ACR = menthly contract rent + utilities adjustment
£ = furnished units
n = nonfurnished units
ACR -+ .13ACR = ACR
I n £
or, 1.13ACR = ACR
n f
1
Solving for ACRn. ACRn = ETI§~ACRf
ACR = .88BBACR
n £

The adjustment i1s not varied according to number of rooms
or number of furnished rooms as it is assumed that the rent
would reflect thas.

The deravation of analytic rent, XACRAGIH 15 therefore:

for unfurnished units:
+ Utilities

for furnished unmits:
Rent + Utilities)

XACRAG6IH = Monthly Contract Rent

XACRAG1H = .885 (Monthly Cohntract

or (Monthly Contract Rent

+ Utilities) - .115

{Monthly Contract Rent

+ Utilaitaies)

Missing Rent Data

Analytic rent is missing for households that have missing
contract rent data, that are "no cash renters," or that
recelve a reduction in rent bhecause they work for the land-
lard but do not know the amount of the reduction. These
households are excluded from the analysas.

1
The mean of the incremental furnishings cost estimates was

divided by the panel's estimated rental cost for each unit size and
weighted by the actual distribution of unit sizes in the enrolled popu-

lation.
unfurnished units, of 13 percent.

This produced an estimated percentage markup, for the rents of
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VI.2 TENURE CONDITIONS

ACRONYM

XOCCRM

XRELATED

XLLBLG

XCONTACT

ZLINSAT

XLLSSAT

XLISDIS

XLLVDIS

XLIWORK2

TITLE

Number of persons per room. Number of
persons divided by number of rooms, in-
cluding kitchen and kathroom.

Related to the landiord. A 0-1 durmy
variable (1 1f any member of household
1s related to landlord).

TIandlord lives an the building. A 0-1
dummy variable (1 if landlord lives an
the building}.

Number of landlord contacts for mainten-
ance (e.g., rats, roaches, lack of heat,
noise made by other tenants' children).

High satisfaction with landlord's
response to requests for repairs.

A 0-1 dumy wvariable (1 if tenant is
very satisfied with landlord's response).

Satisfaction with landlord's response to
requests for repairs. A 0-1 dummy variable
{1 if tenant is somewhat satrsfied with
landlord's response).

Dissatisfaction with landlord's response
to requests for repairs. A 0-1 dummy
variable {1 i1f tenant 1s somewhat
dissatisfied with landlord's response).

High dissatisfaction with landlord's
response to requests for repairs. A
0-1 dummy variable (I if tenant is very
dzssatisfied with landlord's response).

Landlord's maintenance of dwelling unit.
Tenant's rating of landlerd‘'s maintenance
(e.g., cleaning of grouwnds, extermination
of rats and rcaches, repair of appliances,
general repair and painting of exterior
of unit). Continuwous scale--0 1f land-
lord does not de anything, 16 if land-
lord maintains everything well.
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USE IN FINAL
HEDONIC

EQUATTIONS

Paittsburgh,
Phoenix, and
common sate
equaticn

Pattsburgh and
FPhoenix

Pittsburgh

Pattshburgh,

Phoenax, and
commoen s:ite

equation

Not included
in f£inal
equations

Hot zncluded
in final
eguaticns

Not included
in £inal
equations

Not included
in fanal
equations

Not included
in final
equations



vVI.2

ACRONYM

XRES6MO

XRES15

XRES510

XERESG10

XLINGER

ZLNLING

XBEXP366

TENURE CONDITIONS continued

TITLE

Residence 6 months or less. A 0-1 dummy
variable (1 if tenant has occupied dwell-

ing unit for six months or less).

Residence 1 to 5 vears. a 0-1 dummy
variable (1 i1f tenant has occupied
dwelling wnat for 1 to 5 years).

Residence 5 to 10 years. & 0-1 dummy
variable (1 if tenant has occupied
dwelling unit for 5 to 10 years).

Residence morye than 10 years. A 0-1
dummy variable (1 if tenant has occu~
pied dwelling unit for morxe than 10
years) .

Length of residence. A continuous
variable indicating length of

time tenant has occupied the dwelling
unit (months},

Natural log (ln} of length of residence.

The natural logarithm of the length of

residence.

Length of residence. BAn exponential
function indicating the length of
residence

rErza = 1 - oxp (FRAEAT)

Length of residence. An exponential
function indicating the length of
resaidence

(XEXP366 = 1 - exp (-XLIl;IgER+6) )
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USE IN FINAT,
HEDONIC

UATTONS

Mot included
in final
equations

Not i1ncluded
in final
equations

Not included
in final
equations

Not included
in final
equations

Not ncluded
in final
equations

Included 1n
final common

site eguations

Pittsburgh

Phoenax



VI.3

ACRONYM

XAPPT.

ZSTOREF

XSTAREF

XLLREFP

XLLSTOP

THINCOV

XACPITT

XCACPHX

XCOOLPHX

XPARK

DWELLING UNIT FEATURES

TITLE

Dishwasher and/or disposal provided.
a 0-1 dunmy variable (1 if dishwasher
and/or disposal are provided}.

Stove or refrigerator provided. A 0-1

dummy variable {1 1f stove or refriger-
ator are provided by the landlord at no
extra cost to tenant).

Stove and refrigerator provided. A 0-1
dummy wvariable (I if stove and refriger-
ator are provaided by the landlcrd at no
extra cost to the tenant).

Refrigerator provided. A 0-1 dummy
variable (1 if refrigerator is provaded
by the landlozrd at no extra cost to the
tenant) .

Stove provided. A 0-1 dummy variable
{1 1f a stove is provided by the land-
lerd at no extra cost to the tenant}.

Window coverings. A 0-1 dummy wvariable
(1 1f most windows hawe screens (Phoenix)
and 1 i1f most windows have screens in
summer and storm windows in winter
{P1ttsburgh}}.

Alr-conditioning present, Pittsburgh.
A 0-1 dummy variable (1 1f unzt has
central air-conditioning or individual
air-conditioning units).

Central air-conditioning present, Phoenix.

A 0-1 dummy variable (1 1f unit has
central air-conditioning).

Other air-conditioning in Phoenix.

A 0-1 dummy variable (1 1f unit has

an evaporation cooler or individual air-
conditioning units).

Parking facilities provided. A 0-1
dummy variable (1 if dwelling unit 1is
provided with parking facilities).
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USE IN FINAL
HEDONIC

EQUATTONS

Pittsburgh,
Phoenixk, and
common site
equation

Pheoenix

Pittsburgh
and common
site eguation

Not included
in final
equations

Mot included
in final
equations
Not included

in final
equations

Pittsburgh

Fhoenix

Not included
in final
eguations

Included 1n
final common
si1te equation



VI.3 DWELLING UNIT FEATURES continued

ACRONYM

XCARERT

XGAR

XCARGAR

ROFFSTR

XPATNT

XECLOSET

ZESTORAG

XYARD

XNOYARD

XCENH

TITLE

Carport provided. & 0-1 dummy variable

(1 if dwelling unit 1s provided with a
carport at no extra cost to tenant).

Garage provided. A 0~1 dummy variable
(1 2f dwellaing unit 1s provided with a
garage at no extra cost to tenant).

Carport or garage provided. A 0-1
dummy variable {1 1f dwelling unit is
provided with a carport or garage

at no extra cost to tenant).

Offstreet parking provided. A 0-1
dummy variable (1 1f dwelling unit 1s
provided with off-street parking at no
extra cost to tenant}.

Recent interior painting or wallpapering.
A 0-1 dummy variable (1 1f any walls
or ceilings hawve been painted or wall-
papered within the past year and if

some of the materials and labor were
provided by the landlord}.

Encugh closets. A 0-1 dummy varzable
(1 1f tenant is satisfied with the
nurtber of clegets provided with the
mit).

Enocugh storage space. A 0-1 dummy
variable (1 »f tenant 1s satisfied
with the amount of storage space
provided waith the unzt).

Private yard. A 0-1 dummy variable
(1 if vnat has a yard and the yard

1s not shared).

No yard. A 0-1 dummy variable {1
1f no vard is present}.

Central heat present. 2 0~1 dummy
variable (1 1f dwelling unat has
central warxm air heating).
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USE IN FINAL
HEDONIC
EQUATIONS

Not included
in final
equations

Prttsburgh

Phoenix

Pittshurgh

Pittsburgh,
Phoenix, and
comron site
eguation

Hot 1ncluded
in final
egquations

Not included
in final
eguaticns

Prttsburgh
and common
site equation

Not included
in final

equations

Phoenix




VI.3 DWELLING UNIT FEATURES continued

ACRONIM

XOTHH

XBADH

XHEATW

ZTEMP

XEHEAT

ZEHOTWTR

XKITCHP

XXITCEIOK

XPLUMP

TITLE

Other types of heat. & 0-1 dummy
variable (1 if dwelling unit has

steam heat, or built-~in electric units,
or floor, wall, or pipeless furnace).

Inferior or no heat. A 0-1 dummy
variable {1 if dwelling unit has only
room heaters without flue, or fireplace
or stove, or portable electric heaters,
or no heating eguipment).

Working condition of heating systen.

A 5-point rating of heating system

{0 2f no rating 1s available, 4 1f system
15 1n good working condition).

Temperature control. A 0-1 dummy variable
{1 if Prttsburgh unit 1s provided with
central heat or air-conditioning; 1 if
Phoenix unit is provided with central
heat or centrafl air-conditioning).

Adeguate heat. A 0-1 dummy varisble
(1 if tenant is satisfied with the
heat in winter).

Enough hot water. A 0-1 dummy varisble
(1 if tenant is satisfled with the
amount of hot water provided with the unit}.

Presence of adeguate kitchen facilities.

A 0-1 dummy wariable (1 1f dwelling unit
has complete kitchen facilities as

defined for Minimum Standard Housing). See
Appendix V.

High gquality kitchen. A 0-1 dummy variable
(1 if unit has many high quality kitchen
features: all kitchen facilities present
and working; sink condation is "like new";
at least 4 sq. feet of counter space and
10 sg. feet of shelving exists; and all
ratings for surface and structural guality
of walls, ceilings and floor equal 0 ("iike
new") or 1 ("need only minor repairs")).

Plumbing present. A 0-~1 dummy variable

{1 if unit 1s provided with private toilet
facilities, a shower/tub and washbasin
with hot/cold running water).
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USE IN FINAL
HEDORIC

EQUATIONS

HNot included
in final
equations

Pittsburgh,
Phoenix, and
common site
eguation

Not inciuded
in final
eguations

Included in
final
common site
equation

Hot included
in final
equations
Not included
in final
equations

Pititsburgh

Pittsburgh

Phoenix



VI.3 IWELLING UNIT FEATURES continued

ACRONYM

ZPLUMW

XHPLUMR

ZBASOK

ZBATHOK

ZHELECR

XEQUTLTS

ZHLIVER

XEVENTIL

TITLE

Working condirtion of plumbing. & 5-
point rating of toilets (0 if no rating
is available, 4 1f torlets are in good
working condition).

Presence of adequate plumbing. 2A 0-1
dummry variable (1 1f unit has adeguate
plunbing facilities as defined for

Minimum Standards Housing). See BAppendix
V.

Basr¢ Plumbing Facilities. A O-1
dummy wvariakle (1 1f unit has both
adequate plumbing and adequate kitchen
facilities as defined for Minimum
Standaxd Housing (see Appendix V)

and no additional plumbing problem was
cited by the evaluator on the Housing
Evaluation Form) .

High quality bathroom. 2 0-1 dummy
variable {1 1f unit has high guality
bathroom features: shower/tub condition
equal 1 ("like new") and both walls and
floors are waterproof).

Presence of adequate electrical outlets.
A 0~1 dummy variable (1 if unit has
adequate electrical facilities as
defined for Minimum Standard Housing).
See Appendix V.

Enough electrical outlets. A 0-1 durmy
variable (1 if tenant is satisfied with
the nurber of electrical outlets provided
with the unzt).

Presence of adequate light and ventilation.
A 0-1 dummy variable {1 if dwelling unit
has adequate light and ventilation as
defined for Minimum Standard Housing).

See Appendix V-

Encugh ventilation. A 0-1 dummy variable
(1 1f tenant is satisfied with the
ventilation provided in the unzt).
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USE IN FINAL
HEDONIC
EQUATIONS

Pittsburgh

Included in
final common
site equation

Not included
in final
equations

Not included
in final
equations

Not included
in final
equations

Not included
in final
eguations

Phoenix and
common site
equation

Not included
in final
egquations




VI.3 IWELLING UNIT FEATURES continued

ACRONYM

XHCEHTR

XHADQEXR

XFANCY1

XFANCY2

TITLE

Presence of adequate cerling height.

2 0-1 dummy vazriable (1 1f dwelling
unit has adeguate ceiling height as
defined for Minimum Standard Bousing).
See Appendix V.

Presence of adeguate exits. A 0-1
dummy wvariable {1 if un:it has adequate
exits as defined for Minimum Standard
Housing) . See Appendix V.

Walls, roofs or ceilings leak. A 0=1
dummy variable (1 i1f any walls, roois,
or ceilings leak when it rains).

High quality features. A 0-1 dumnmy
variable indicating presence of many
good quality dwelling unit Ffacilities
(1 »f complete plumbing facilities and

USE 1IN FINAL
HEDONIC

EQUATIONS

Pittsburgh,
Phoenix, and
common site
egquation

Pittsburgh

Not included
in final
equations

Not included
in final
equations

complete kitchen facilities are present,
core rooms are present, central heat is
present in Pittsburgh and central, steam,
electric or pipeless furnace present in
Phoenix, central air-conditioning present
in Phoenix, kitchen sink rating is like
new or good, and bathrcom rating is high
quality) -

Many hich qual:ity features. A 0-1
dummy variable indicating presence

of many good guality é&welling unit
facilities plus adequate surface

and structural guality (equals 1 if
XFANCY1=! and all surface and structure
ratings for walls, ceilings, and floors
are ¢ {"like new") or 1 ("need minor
repairs only")).

Pittsbhurgh
and common

site egquation
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VI.4 DWELLING UNIT SIZE

ACRONYM

XTOTRMS

XLTOTRMS

XAREAPR

ZLAREAPR

TITLE

Total rooms. The total number of
rooms in the dwelling unit, including
kitchen and bathroom.

Natural log (In} total rooms. The
naturzl logarithm of the total number
of rooms in the dwelling umit,

Area per room. The square feet per
room {total number of sguare feet
divided by number of rooms}.

Natural log (ln) area per rocom. The
natural logarithm of the square feet
per room.
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USE IN FINAL
HEDONIC

EQUATIONS

Not 1ncluded
in final
equations

Pittsburgh,
Phoenix, and

common site
eguation

#Hot 1ncluded
in final
equations

Prttsburgh,
Phoenix, and
common site
equation




VI.5 INTERIOR DWELLING UNIT QUALITY

ACRONYM

XRATINGR

XFATILS

X¥ACSTR

XACSUR

XAWSTR

XAWSUR

XAFSTR

TITLE

Overall evaluator rating. The overall
evaluator rating of the dwelling unit.
Values range from 3 (best) to zero (worst).

Components failed. The number of
components of Minimum Standard
Housing which are not met. Refer
to Appendix V.

Average ceiling structure. The average
value of the four point ratings of
ceiling structure in all rooms. Values
range from 3 (best) to zero (worst).*

2verage ceilling surface. The average
value of the four point rating of
cerling surface in all rooms. Values
range from 3 (best) to zero {(worst).

Average wall structure. The average
value of the four point rating of wall
structure in all rooms. Values range
from 3 {best) to zerc (worst}.

Average wall surface. The averadge

value of the four point rating of wall
surface in all rooms. Values range
from 3 {best) to zero (worst).

Average floor structure. The average
value of the four point rating of
floor structure in all rooms. Values
range from 3 (best) to zero (worst}.

USE IN FINAL
HEDONIC
EQUATIONS

P1ttsburgh

Not included
in final
eguations

Included in
overall average
or in factor
score

Included in
overall average
or in factor
score

Included in
overall average
or in factor
score

Inciuded 1in
overall average
or in factor
score

Included 1in
overall average
or in factor
score

*The ratings for interior surface and structural quality, exterior
gquality, and window condition, used in dwelling unit guality wvariables,
are based on four point scales ranging from 3 to zero, where 3 means

"like new," 2 indicates "needs some repair," 1 indicates "needs

substantial repair," and 0 indicates "needs replacement.,”
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VI.5 INTERIOR DWELLING UNIT QUALITY continued

ACRONYM

XAFSUR

XACEIL

XAWALL

XAFLOOR

FTAWNOOW

XAEXT

XTOTEXT

TITLE

Average floor surface. The average
value of the four point rating of flcor
surface in all rcoms. Values range
from 3 (best) to zero (worst).

Average ceiling gquality. The average
value of the ratings of surface and
structural condation of the ceilings
in all rooms. Values range from 3
(best) to zexo (worst).

Averxage wall quality. The average
value of the ratings of surface and
structural condition of the walls in
all rooms. Values range from 3 (best)
to zero (worst).

Average flcor gquality. The average
value of the ratings of surface and
structural condition ¢f the floors
in all rooms. Values range from

3 (best) to zero (worst).

Window condition. The average value
of the ratings of window condition
(sash and panes} in all rooms. Values
range from 3 (best) to zerc (worst).

Average exterior. The average of the
four point ratings for exterior wall
structure and exterior wall surxrface.
Values range from 3 (best) to zero
(worst) .

Total exterior. The average value

of the ratings for exterior wall
structure, exterior wall surface,

roof surface, gqutter condition,
exterior stairs, exterior cleanlainess,
and roof structure. Values range from
3 {best) to zmero {worst).
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USE IK FINAL
HEDONIC
EQUATIONS

Included 1in
overall average
or in factor
score

~ Included in

overall average
or in factor
scoxe

Included in
overall average
or in factor
sSCcore

Included in
overall average
or in factor
score

Included in
overall average
or 1n factor
score

Inciuded in
overall average
or in factor
score

Included in
overall average
or in factor
score




VI.5 INTERTOR IWELLING UNIT QUALITY continued

ACRONYM

XQUALL

XQUAL2

XFLSTR

XF25UR

XF3FSUR

XE4AWIN

XFS5FSTR

XF6BSUR

TITLE

Average quality. The average of all
ratings (for all rooms) of the surface
ané structural gualaty of ceilings, walls
and floors. (XACEIL + XAWALL + )
YAFIOOR/3). Values range from 3 (best)
to zera (worst).

Average surface and structural guality.
The average of all ratings con the surface
and structural gquality of flooxs, walls,
and ceilings, of window condition, and
of exterior quality. {XACEIL + XAWALL

+ XAFIOOR + XAWNCON + XTOTEXT)/5).

Values range from 3 (best) to zero (worst).

OF QUALITY RATINGS IN PITTSBURGH
(8EE APPENDIX VII)

Pittsburgh. Wall and ceiling strucfure.
Factor score. Structural condition of
walls and ceilings (living rcom, kitchen,
bedroom, bathroom) .

Prtisburgh. Poor wall and ceiling surface.
Factor score. Surface condition of walls
and ceirlings (living room, kitchen,
bedroom) .

Paittsburgh. Poor floor surface. Factor
score. Surface quality of floors.

Pittsburgh. FPoor window condition.
Factor score. Window condition,

Prttsburgh. Poor floor structure.
Factor score. Structural guality of
floors.

Pattsburgh. Poor bathroom wall and
celling surface. Factor score. Surface
condition of walls and ceilings 1in
bathroom.
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USE IN FINAL
HEDONIC

EQUATIONS

Not included
an final
equations

Phoenix and
common site
equation

VARTIABLES DERIVED FROM PRINCIPAL COMPONENTS ANALYSIS

Not inciuded
in final
egquations

Pittsburch

Not included
in final
equations

Pittsburgh
ot included
in final
eguations

Pittsbuxgh



VI.6 BUILDING TYPE AND LOCATION

ACRONYM

XAGE

XMULTIS

X5NGDET

XROWDUP

XMULT 34

XMOBILE

XDIST

TITLE

Burlding age. The age of the dwelling
unit. {Age was coded in seven intervals:
1970 to present, 1960-69, 1950-59, 1940-
49, 1930-39, 1920-29, 1919 or earlier.
The values in years assigned to each of
these intervals are, respectively, 3, 8,
18, 28, 38, 48, and 63 years).

Large multifamily. A 0-1 dummy variable
indacating large multzfamily structures
{1 1f structure contains 5 or more units).

Single-family detached. A 0-1 dummy
variable (1 i1f structure is a single-
family detached house}.

Row and duyplex units. A 0-1 dummy
variable {1 if structure 1s a row-
house or duplex).

Small multifamily. A 0-1 dummy variable
indicating smaller multifamly structures
(1 1:f structure has 3 or 4 units).

Mcbile wmaits. A 0-1 dummy variable (1
1f unit is a mobile home) .

Distance from central business district
A continuous variable indicating the
distance from the central business
district to the dwelling unit {in miles).
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USE IN FINAL
HEDONIC

EQUATIONS

Pittsburgh,
Phoenix, and
commen Site
eguation

" Pittsburgh,

Phoenix, and
commen site
equation

Not included
in final
equations

Not included
an final
equations

Not included
in final
eguations

Fot included
in final
equations

Phoenix and
common site
equation




VI.7 BLQCK FACE QUALITY

{The block face is defined as the area within 100 yards of
the dwelling unit.)

ACRONYM

XINDSCPR

XEANCYN

JSTRETHR

XLITTERR

XABAND

ANNONE

XSTRQ

TITLE

guality of block face landscaping. -

The guality of landscaping on the blodk
face, rated on a scale of 0 to 3 (where
3 equals a full range of landscaping
present and 0 represents nc evidence of
landscaping) .

High guality block face. A (-1

dummy wvariable, taking the value

of 1 if many good guality block face
features are present {gocd or excellent
street maintenance, good cor excellent
landscapaing, little or no litter, no
abandoned buildings and no detrimental
features, including noise, oder,
rhyszcal hazards or floodzng).

Street maintenance. Quality of street
maintenance rated on a-scale of 0 to 3
{(where 3 represents well paved and
maintajined streets and O represents
very poor maintenance).

Street Iitter. Condition of street
and sidewalks rated on a scale of 0

to 3 (where 3 represents clezn streets
and O represents a large accumulation
of trash and litter on the block face).

Zbandoned buildings or cars. & 0-1
dummy varirable (1 if abandoned buildings
or abandoned cars are present con the
block face).

No other yegidential structures. A 0-1
dunmy variable (1 if no other residential
structures are present}.

Average block face guality. The average
of the 4 point ratings for quality of
landscaping, guality of street
maintenance, and presence of litter
{XLNDSCPR, XSTRETMR, XLITTERR). A
value of 3 indicates a hagh guality
block face and a value of 0 indicates
very peor guality.
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USE IN FINAL
HEDONIC

_EQUATIONS _

Fhoenix and
common site
equation

Pittsburgh

Not included
in final
equations

Not included
in final
equations

Not included
in final
equations

Not included
in final
equations

Not included
in final
equations



vi.7 BLOCK FACE QUALITY continued

ACRONYM

XNUBEN

TITLE

Beneficial features. The number of
beneficgral features in the i1mmediate
neighborhood (Q to 5} as indicated
by evaluation entries for parklands,
water, woodlands, view, and other
unigue features.
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USE IN FIMAL
HEDONIC

EQUATIONS

¥Wot included
in final
equations




vVI.8 CENSUS TRACT DESCRIPTORS

ACRONYM

XCTMDVAL

XCTMDGR

XCTUWROC

ZCTDUAGE

XCTDUACS

XCTSGFAM

XCTMDS (H

XCTMDINC

XCTSMHESE

XCTBLCOL

XCTCRWD

TITLE

The median value of housing stock in
the tract.

The median value of gross rent in the
tract.

The percent of owner-cccupiled units
in tract.

The medran age of housing stocdk in
tract.

The percent of dwelling wmits with
central airr-conditionindg.

Percent of single family detached units

in tract.

Mean number cf yvears of school of
persons 25 and over.

Median family income 1n tract.

v

Percent in same houses since 1965
in tract.

Perecent of blue collar {14 or more
vears) workers.

Pexcent of dwelling units with 1.01
Or more persons per room.
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USE IN FINAL
HEDONIC

EQUATIONS

Included in factor
score in Pittsburgh
and Phoenix

Included in factor
score in Pittsburgh
and Phoenix

Included in factor
score in Pittsburgh
and FPhoenix

Included in factor
score in Pittsburgh
and Phoenix

Included in factor
score in Prittsburgh
ané FPhoenax

Included 1n factor
score in Pittsburgh
and Phoenix

Included in factor
score in Pittsburgh
and Phoenix

Included in factor
score in Pittsburgh
and Phoenix, and
included i1n final
common site equation

Included in factor
score 1in Pittshurgh
and Phoenix

Included 1n factor
score in Pittsburgh
and Fhoenix

Included in factor
score in Pittsburgh
and Phoenix



vIi.8 CENSUS TRACT DESCRIPTORS continued

ACRONYM

XCTGT4DU

XCTBATH

XCTHMNEMS

XCTPBLK

XCTSPAM

XCTMDHEZ

XCTPTMGR

XCTOLSL

XCTWOPLB

XCTWOHT

XCTSHKIT

XCTCCSBR

TITLE

Percent of dwelling units in tract
with 5 or more units.

Percent of dwelling wnits with more
than one bathrocm.

Average number of zooms per dwelling
unit in tract.

Percent black in tract.

Percent Spanish American in tract.

Median household size in tract.

Percent of persons (14 or more years)
wha work in professiocnal jobs.

Percent of persons (14 or more years)
who work in clericai/sales jobs.

Percent of dwelling units lacking 1
or more plumbing facilities.

Percent of dwelling units lacking
adeguate heat.

Percent of dwelling unaits with incomplete

or shared kitchen facilities.

Central city residence. A 0~1 dunmy
variable (1 if dwelling unit iz in the
city limts).
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USE IN FINAL
HEDONIC

EQUATIONS

Included in factor
score in Pittsburgh
and Fhoenix

Included in factor
score in Pittsburgh
and FPhoenix

Included in factor
score in Pittsburgh
and Phoenix

Included in factor
score in Pittsburgh
and Fhoenix

Included in factor
score in Phoenix

Included in factor
score in Pattsburgh
and Phoenix

Included 1n factor
score in Pittsburgh
and Phoenix

ITncluded 1n factor
score ain Pittsburch
and Phoenix

Included 1n factor
score in Pittsburgh
angd Phoenix

Included in factor
score in Pittsburgh
and Phoenixz

Included in factor
score in Pittsburgh
and Phoenix

Not included
in final
equations




VIi.8 CENSUS TRACT DESCRIPTORS continued

ACRONYM

ANACESS

XCENFO1

XCENFO2

XCENFO3

USE IN FINAL
HEDONIC

TITLE EQUATIONS

Generalized employment accessibility. Not included
A generalized accessibility variable in final
defined by a standard exponential equations
decay function of travel time weilghted

by employment in each of 132 school

districts in the Pittsburgh SMSA.

Il
XNACESS = ¥
3

where E employment in zone J

it
1

travel time from zone i to zone 3
@ = a positave constant.

Bach scheol district is composed of several
Census tracts; the data were allocated to Census
tracts assuming no within-digtract variation

1n accessibility. The information was cbtained
from the Hational Bureauy of Economc Research,
Cambridge, Massachusetts.

VARIABLES DERIVED FROM PRINCIPAL COMPONENTS
ANALYSIS OF CENSUS VARIABLES IN PITTSBURGH
{SEE APPENDIX VII)

Pittsbhburgh. Census tracks with owner Not included
occupied, single family dwelling units. in final
Factor score. eguations

Pittsburgh. Census tracts with higher Pittsburgh
priced units and higher socioceconomic status.

Pittsburgh. Nonminority Census tracts Prttsburgh
with higher sociceconomic status. Factor
score. -
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VL.8 CENSUS TRACT DESCRIPTORS continued

ACRONYM

XCENFO4

XCENFO5

XCIFOLl

XCTFO2

XCTFG3

XCENFO1

XCENFO02

XCENFO3

XCTFOL

XCTFO2

XCTF03

TITLE

Pittsburgh. Census tracts with blue
collar workers and nonminority residents.

Factor score.

Pittsburgh. Proporticn Spanish

American households in Census
tract. Factor score.

Pittsburgh. Census tracts with owner-
occupied single family units. Factor
score. Excludes variables indrcating
racial composition of tracts.

Pittsburgh. Census tracts with higher
socloeconomic status. Factor soore.
Excludes variables indicating racial
composition of tracts.

Prttsburgh. Census tracts with newver,
higher priced units. Factor score.
Excludes wariables indicating racial
composition of tracts.

VARIABLES DERIVED FROM PRINCIPAL, COMPONENTS
ANALYSIS OF CENSUS VARTABLES IN PHOENIX
(SEE APPENDIX VII)

Phoenix. Census tracts with higher priced
units and higher sociceconomic status.
Factor score.

Phoenix. Census tracts with owner-occupied
single-fam.ly housing. Factor score.

Phoenix. Poor gquality dwelling units
in Census tract. Factor score.

Phoenix. Census tracts with higher priced
units and higher sociceconomic status.
Factor score. Excludes variables indicating
racial composition of tracts.

Phoenix. Census tracts with owner-occupied
gingle-family housing. Pactor score. Ex-
cludes varisbles indicating racial compo-
sition of tracts.

PhoeniX. Poor quality dwelling wumits in
Census tract. Factor score. Excludes vari-

ables indicating racial camposition of tracts.
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USE IN FINAT
HEDONIC

EQUATIONS

Pittsburgh

Not inciluded
in final
equations

Not rncludad
in final
eguations

Not ancluded
in final
equations

Not 1aciuded
in final
eguations

Phoenix

Fhoenix

Phoenix

Not included
in final
equations

Not zncluded
an final
equations

Net included
an final
equations




VI.9 NEIGHBORHOCD VARIABLES
(aggregation of Census tracts into larger neighborhoods, the C*
neighborhoods)
USE IN FINAL
HEDONIC

ACRONYM TITLE EQUATIONS

XHCNTREE Quality of landscaping. The mean Included an
value of respondent ratings (4 point factor score
scale) on the quality of landscaping, in Pittsburcgh
aggregated by C* neighborhood. and Phoenix

XHCNBTRE Poor quality landscaping. The pro- Not ancluded
portion of respondents in a4 C* neagh- in final
borhood who rated the guality of equations
landscaping as poor.

XHCNPARK Quality of parking. The mean value Included 1n
of respondent ratings (4 point scale) factor score
on the availabal:ity of parking, in Pittsburgh
aggregated by C* neaghborhood. and Phoenix

XHCHBPRK Poor avairlability of parking. Not included
The proportion of respondents in a C* in final
neighborhood that rated availability equations
of parking as poor.

XHCNGARR Quality of garhage collection. The Included in
mean value of respondent ratings (4 factor score
poant scale) on the gquality of garbage in Pittsburgh
cocllection service, aggregated by C* and Phoenix
neighborhood.

XHCNFIRE Quality of fire department service. The Included ain
mean value of respondent ratings {4 point factor score
scale} on the quality of fire protection, in Pittsburgh
aggregated by C* neighborhood. and Phoenix

XHCNTRAN guality of public transportation. The Included in
mean value of respondent ratings (4 factor score
point scale} on the availability of in Pittsburgh
public transportation facilities, and Phoenix
aggregated by C* neighborhood.

XHCNPOL Ouality of police protection. The mean Included in
value of respondent ratings {4 point factor score
scale) on the quality of police protec- in Pittsburgh
tron, aggregated by C* neighborhood. and Phoenix

XHCNBPOL Poor quality police protection. The Not included

proporticn of respondents in a C¥
neighborhood who rated the quality
of police protection as poor.
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V1.9 NEIGHRORHOOD VARIABLES continued

ACRONYM

HXHCNMED

XHCNLGHT

XHCNCARE

XHCNELM

XHCNEELM

XHCNJIH

XHCNBJH

XHCNHSCH

XHCNBSH

XHCNPLAY

TITLE

Quality of medical facilities. The
mean value of respondent ratings (4
point scale} on the accessibility to
medical facilities, aggregated by C*
neighborhood.

Quality of street lighting. The mean
value of respondent ratings (4 point
scale) on the gquality of street laghting
aggregated by C* neighborhecod .-

Quality of daycare fagilities. The mean
value of respondent ratings (4 point
scale) on the quality of daycare facili-
tres, aggregated by C* neighborhood.

Quality of elementary schools. The mean
value of respondent rataings (4 point
scale) on the quality of elementary
schools, aggregated by C* nerghborhood.

Poor quality of elementary schools.
The proportion of respondents in a C*
neighborhood who rated the quality of
elementary schools as poor.

Quality of junior high schools. The
mean value of respondent ratings (4
peint scale) on the quality of junior
high schools, aggregated by C* neigh-
borhood.

Poor quality junior high schools. The
proportion of respondents in a C*
neighborhood that rated junior hagh
schools as poor.

guality of senior high schools. The
mean value of respondent ratings (4
point scale) on the quality of senior
high schools, aggregated by C* neigh-
borhood.

Poor gquality senior high schools. The
propertion of respondents in & C* neigh-
borhood that rated senicr high schocls
as poor,

Quality of children's recreation.

The mean value of respondent ratings
(4 point scale} on the quality of play
areas for children, aggregated by C*
neighborhood.
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USE IN FINAL
HEDONIC

EQUATTONS

Included 1in
factor score
in Pittsburgh
and Phoenix

Included in
factor score
in Pittsburgh
and Phoenix

Included in
factor score
in Pittsburgh
and Phoenix

Included 1in
factor score
in Paittsburgh
and Phoenaix

Not included
1n final
equations

Included in
factor score
in Pirttsburgh
and Phoenix

Not included
in final
equations

Included in
factor score
in Pattsburgh
and Phoenix

Not included
in final
equations

Included ain
factor score
in Prttshurgh
and Phoenix




O

vi.9 NEIGHRORHOOD VARIABLES continued

USE IN FINAL

HEDONIC

ACRONYM TITLE EQUATIONS

SHCNBRCK poor guality children's recreation. Mot included
The proportion of respondents in a in final
C* neighborhood that rated children's eguations
recreation as poor.

XHCWNTREC Quality of teenage recreakion. The Included 1n
mean value of respondent ratings factor score
(4 point scale) on the guality of in Pittsburgh
teenage recreation,aggregated by C* and Phoenix
neighborhcod.

XHCNBRCT Poor gqual:ity teenage recreation. Not included
The proportion of respondents in in fainal
a C* neighborhood that rated egquations
teenage recreatlon as poor.

XHCNAREC Quality of adult recreation. The mean Included 1in
value of respondent ratings (4 point factor score
scale) on the availability of adult in Pittsburgh
recreation facilities, aggregated and Phoenlix and
by C* neighborhood. inc¢luded 1n final

common site
equation

XHCHBRCA Poor quality adult recreation. The Not included
proportion of respondents an a C* in final
neighborhood who rated the guality equations
of adult recreation facilities as
poor.

XHCNPRAY Convenirence to places of worship. The Included 1n
mean value of respondent ratings (4 factor score
point scale) on the convenience to in Pittgburgh
places of worship, aggregated by C* and Phoenix
neilghborhood.

XHCNSHOP Convenlence to grocery shopping. The Included in
mean value of respondent ratings (4 factor score
point scale} on the convenience to in Pattsburgh
grocery shopping, aggregated by C* and Phoenix
neighborhood.

KHCNCRTM Crime problems. The mean value of Included in
respondent ratings {3 point scale) factor score
on the extent o which crime is a in Pittsburgh
problem, aggregated by C* neigh- and Phoenix
borhood.
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VI.9 NEIGHBORHOOD VARIABLES continued

ACRDNYM

XHCNDRUG

FHCNLOUD

XHECNABAN

ZHCNSTR

XHCNMESS

HHCNJUNK

XHCNTRAF

ZHCNONEN

TITLE

Drug problems. The mean value of
respondent ratings {3 point scale)
on the extent to which drag users
are a problem, aggregated by C*
neighborhocd.

Problems with noise. The mean value

of respondent ratings (3 point scale)
on problems with noise, aggregated by
C* neighborhood.

Zbapdoned buildings. The mean value
of respondent ratings (3 point scale)
on presence of abandoned buwldings,
aggregated by C* neighborhood.

Prchlems with street repair. The
mean value of respondent ratings
(3 point scale) on prchlems with
street repairr, aggregated by C*
neighborhood.

Litter and trash problems., The mean
value of respondent ratings (3 poant
scale) on problems with litter and

trash, aggregated by C* nerghborhood.

Junk-filled lots. The mean value of

respondent ratings (3 point scale)
on the extent to which junk-filled
lots are a problem, aggregated by

C¥* neaighborhood.

Heavy traffic problems. The mean value

of respondent ratings {3 point scale)
on problems cof heavy traffic,
aggregated by C* neighborhood.

Neighborhood guality. The mean value
of respondent ratings (4 point scale)
on the guality of police protection,

landscaping, elementary schools, and

recreation facilities, aggregated by

C* neighborhood.
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USE IN FINAL
HEDONIC
EQUATTONS

Included 1n
factor score
in Pittsburgh
and Phoenix

Included in
factor score
in Prttsburgh
and Phoenix

Included 1n
factor score
in Pattsburgh
and Phoenix

Included in
factor score
1n Pittsburgh
and Fhoenix

Included in
factor gcore
in Pittsburgh
and Phoemix

Included in
factor score
an Pittsburgh
and Phoenix

Included 1in
factor scozre
in Paittsburcgh
and Fhoenix

Not included
in final
equations




VI.9 NEIGHBORHOOD VARIABLES continued

ACRONYM

XHCNPNBD

ZHCNBNBD

XCNHF11

XCNHF12

XCNHF13

XCNHF14

XCNHF21

XCNHF22

XCNHF23

TTTLE

Neighborhood problems. The mean value
of respondent ratings (3 point scale)
on the extent to which crame, vacant
lots, latter, and trash are a problem
aggregated by C* neighborhood.

Poor gquality neighborheod services. The
average proportion of respondents who
rated the quality of police services,
recreation, schools, and landscaping

as poor, aggregated by C* ne:rghborhocd.

VARIABRTLES DERTIVED FROM PRINCIPAL COM-~
PONENTS ANALYSIS OF PARTICIPANT NEIGI-
BORHOOD RATINGS (AGGREGATED BY C*
NEIGHBOFRHOOD} IN PITTSBURGH

(SEE APPENDIX VII)

Prttsburgh. Good recreational facilities

and access to shopping and transportation.

Factor score.

Pittsburgh. School quality. Factor score.

Pittsburgh. Traffic and litter problems.

Factor scorxe.

Pittsburgh. Problems with crime and
public sexrvices. Factor score.

Pittsburgh. Owverall neighborhood problems.

Factor score.

Pittsbhurgh. Poor schools and police
protection. Factor score.

Pittsburgh. 2Absence of recreation
facilities. Factor score.
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USE IN FINAL
HEDONIC

EQUATIONS

Not included
in final
equations

Not included
in final
equations

Pittsburgh

Hot included
in fimal
equations

Pittsburgh

Pittsburgh

Not inc¢luded
in final
equations

Not included
in final
equations

Not included
in final
equations



V1.9 NEIGHBORHOOD VARIABLES continued

ACRONYM

XQHF11

ZCWHF12

ZCNHE13

XCNHF14

XCNHF15

XCHNHF16

HCNHF21

XCNHF22

ACNHF23

XCNHFZ24

XCNHE25

TITLE

VARIABLES LCERIVED FROM PRINCIPAL
COMPONENTS ANALYSIS OF PARTICIPANT
NEIGHBORHOOD RATINGS {AGGREGATED BY
C* NEIGHBORHOOD, IN PHOENIX

(SEE APPENDIX VIT)

Phoenix. Overall neaghborhood gquality.
Factor score.

Phoenix. Recreational facilities.
Factor score.

Phoenix. School quality and lack of
transportation facilities. Factor
SCOore.

Phoenix. Access to shopping and parking.
Factor score.

Fhoenix. Traffic problems. Factor score.

Phoenix. Fire protection and garbage
service. Factor score.

Phoenix. 2Absence of recreation
facilities. Factor score.

Phoenix. Problems with 1itter,

gbandoned carssand poiice protection.
Factor score.

Phoenix. Poor elementary schools.
Factor score.

Phoenix. Drug and crime problems.
Factor score. :

Phoenix. Traffic problems.
Pactor scere.
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USE IN FINAL
HEDORIC

EQUATTONS

FPhoenix

Phoenax

Net included
in final
equations

Bhoenix

Not included
in fanal
equations

Not i1nclnded
in final
eguations

Not included
in final
equations

Not included
in fanal
equations

Not included
in fanal
eguations

Not included
in final
eguations

ot included
an final
equations




VvI.10 RACE OR BTHNICITY OF HOUSEHOLD AND RACIAI SUBMARKETS

ACRONYM

XSPAN

XGHETTO

XMIXED

ZWHITE

XMGHET

XWGHET

XMMIXED

XWMIXED

XMWHITE

TITLE

Black household. 2 0-1 dummy variable
{1 if head of househeld 1s bladk).

Spanish American. A 0~1 dummy varrable
(L if head of houschold 1s Spanish
American}.

Minority submarket. A 0-1 dummy variable
(1 1f the Census tract is greater tham
50% black in Pittsburgh or 50% Spanish
American in Phoenix}).

Racially mixed submarket. A 0-1 dummy
variable (1 1f Census tract is between
20% and 50% black in Pittsburgh or
Spanish American in Phoenix) .

wWhite submarket. A 0-1 dummy variable
(1 £ in the Census tract the proportlonr
of black households in Pittsburgh and
Spanish Amer:ican households in Phoenix
is less than 20%).

Minority household in minority market.
A 0-1 dummy wvariazble {1 1f mrnority
househeold lives in minoraity tract——
black in Pititsburgh, Spanish A2merican
in Phoenix).

White household in minority market. A
0-1 dummy variable (1 1f white household
lives 1n nincrity tract).

Minority household in mixed market. A
0-1 dummy variable (1 if minority household
laves in racially mixed tract}.

White household in mixed market. A O-1
dummy varisble {1 1f white household
lives in racially mixed tract).

Minority household in white market. A
0-1 dummy variable (1 1f minority house-
hold lives in white track}.
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USE 1IN FINAL
HEDONIC

EQUATIONS

Varirazbles used to
test for racial
price discrimination

Variables used to
test for racial
price discrimination

Varrables used to
test for racizl
price discrimination

Varizgbles used to
test for racial
price discrimination

Variables used to
test for racial
price discrimination

Varizbles used to
test for racial
price discrimnation

Variables used to
test for racial
price discraimination

Yariables used to
test for racial
price discraimination

Variables used to
test for racaal
price drscrimanation

Variables used to
test for racial
price discrimination



vI.10 RACE OR ETHNICITY OF HOUSEHOLD AND RACTAL SUBMARKETS continued

ACRONYM

XGHETCC

XCHETSB

XMIXCC

ZMTXSUB

TWHEITCC

AWHITSB

TITLE

Central city minority market. 2

0-1 dummy variable (1 i1f minority
market 1s i1in the central city).

Suburban minority market. A 0-=1
dumrmy variable (1 1f minority market
1s in the suburbs) .

Central city mixed market. & 0-1
dummy variable (1 1f racially mxed
market is in the central caty).

Suburban mixed market. A O-1 dummy
variable (1 1f racially mixed market
i1s in the suburbs).

Central ¢ity white market. A 0-1

dummy variable (1 if white market
1s 1n the central city).

Suburban white market. A 0-1
dumery variable (L 1f white market
15 in the suburbs).
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USE IN FINAL
HEDONIC

EQUATICONS

Variables used to
test for racial
price discrimrnation

Variables used to
test for racial
price discrzmination

Variables used to
test for racial
pPrice discrimination

Varizbles used to
test for racial
Price discrimination

Variables used to
test for racial
price discrimnation

Variables used to
test for racial
price discrimination




APPENDIX VII

DESCRIPTION OF PRINCIPAL COMPONENTS ANALYSIS AND
LISTING OF ROTATED FACTCR MATRICES

The first section of this appendix describes the application of principal
components analysls in the present study. Princaipval components analysis
was used for three sets of data: surface, structure, and window guality;
Census tract descriptors; and participant responses from the Baseline
Interview aggregated over groups of Census tracts (C* neirghborhoods}.

In the second section the rotated factor matrices for these principal

components analyses in Pittsburgh and Phoenix are presented.

ORTHOGONALIZATION OF A MULTICOLT.INEAR SET OF VARIABLES

Multiple regression becomes problematic when the predictor variables
are highly ecollinear. The resulting large variance of esstimate of the
coefficients may make them effectively uninterpretable., When the
covariances are nil, on the other hand, the relation of any single
predaictor variable to any external criterion is independent of any
other predictor wvariable's relation to that criterion and can be

interpreted separately and unambiguously.

Uncorrelated predictor variables, may be constructed by transformang
the original data. ILainear transformations of the vector of predictor
variables, "z," which adequately represent the original variation in
the predictor set and yet are uncorrelated with each other ars the

type of transformation most freguently and coveniently used.

PRINCTPAL, COMPONENTS ANALYSIS

Iet "z" be a vector of standardized predictor variables. There 18 one
such vector for each unit of analysis. Let "y" be a general linear

transformation of 2" of the form
y = V'z

where V 18 a JxK coefficient matrix that carries the J element variable "z¥
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"y". If the "z" variables are

into the derived K element variable,

standardized, the dispersion matrix of "y" 1s gaven by

DY = V'RV,
where R is the correlation matrix for "2", since the dispersion of a set
of standardized variables is a correlation matrix. Thus, the elements
of the derived vector. "¥", will bLe uncorrelated if DY 1s diagonal.
There are infinitely many transforms, V-7, which will diagonalize R; hence,
further restrictions must be imposed on the problem. One such restriction
1s that the variances of the leading elements of "y" be maximized. Hareld
Hotelling's (1933) derivation of principal components analysis was based

on this approach.

The solution is well known. The desized set of coefficient vectors. V.
are simply the eigenvectors of the matrix R. A dual solution to the
factor analysis problem Z = V°y 1s also provided by the eigenvectors

of R, These solutions are c¢alled principal factors.l Althoush con«
ceptually factors are quite different from components the distinction

is commonly ignored. In fact some anthors, for example Cooley and
Iohnes (1971}, simply define the term factor as a standardized component.
In any event, since the "begst" estaimate of the factor is given by the

normalized compeonents, that practice will be followed in this appendix.

ORTHOGONAL ROTATION TC SIMPLE STRUCTUERE

Although principal components analysis defines a unique set of linear

transformaticns of the original set of variables using the maximum

lOne important feature of principal factors i1s that while the

complete set of J factors will exactly reproduce the correlation matrix,
R, and thus account for the wvector wvariable, "z", it is possible to xretain
in a research solution only the first K factors with confidence that

they {or orthogeonal transformations of them) extract more of the trace

of R than any other set of K orthogonal components.
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variance criterion as described, the procedure does not usually result

in a satisfactory set of such transformations from an interpretive point
of view. Since Thurstone (1947) set forth the principles of sample
structure, data analysts have been interested in schemesz for improving
upon the solution offered by principal c¢omponents by further transforming
the component coefficients in ways which help tc make the derived

variables more 1lnterpretable, while preserving the tractabllltg and utailaty

of the components solution.

The retained princaipal components may be normalized to have un2t variance by
dividing each component by 1ts standard deviation and forming

1V'z,

y=1L
where L is a diagonal matrix whose elements are the square roots of the
elrgenvalues of R. Any orthogonal transformation of the normalized
principal components will be orthogonal and account for the same variance

of "2" as the original set.

The results of such rotations are generally interpreted in terms of
the factor loadings, S, which transform "y" into "z". Thus S 1s defined by

1

o™t = v

s = (L

since V'V = I. The loadings are the correlations of the factors, "y, with
the original variable, “"z". The loadings are rotated by postmultiplying

S by an orthogonal matrix. Assuming that the substantive content of the
criginal variables is well known, the loadings in the kth column of

S help an attributing substantive meaning to the kth component. Variables
that have high loadings are used to define the component while variables

with low loadings arxre ignored or attributed little interpretive significance.

What is desired 1n a rotation is a unigue transformation of S such that
all the loadings, Sjk' approach either zero or unity under the restraint
that the sum of the sguared loadings for any variable remains constant
and the orthogonality of the columns of S remain undisturbed. The
reason for this is that very high and very low loadings {correlations)

make it easier to attach substantive labels to the compconents. The
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varimax rotation is cone analytical scheme for achieving this end (Kaiser,

1958).

The varimax method secks simple structure by maximizing the variance of

the squared leoadings 1n each ccolumn, that is:

4 2
J 1§ %(Sjk/hj) - kzl(;él Sik/hzj) !

Vo=
k=1 j=1
K
2 2
where h_ = E 5 x = commonalty,
3 yx=p 3

under the restriction that the orthgonalaity of the components and the sum
of squares of the loadings in each row remain undisturbed. wWhat the vari-
max methed does 1s simplify each column or factor by maximizing column
variances of squared 1lcadings. Kailser feels that this represents an analog

of simple structurxe in the sense of leading to interpretable solution.

In general the complete set of elements in S 1s not rotated, since some
reduction of the original data set i1s often desired. Applications in thas
analysis have adopted the common convention of rotating only those columns

of 5 whose corresponding eigenvalue was greater than or equal to unity.

CREATING STANDARDIZED COMPONENT SCORES FOR ORTHOGONALLY ROTATED PRINCIPAT,
COMPONENTS SOLUTIONS

Let Sl be the matrix of loadings for the rotated subset of S. It can be
readily established that the ccefficients for computing components scores

for the rotated components are defined by the equation

- ,g L
B, = 8,(s,78)) 7,

where Bl 1s the coefficient matrix which when transposed and post-multiplied
by "z" vields a vector of standardized component scores, "f," for sach unit

of analysis (Cooley and Lohnes, 1971, pp. 155-158}, or in rotational form

Each unit of analysis will have a vector of scores corresponding to "f."
Each element of "f" has a mean of zerc, a standard deviation equal to

unity, and nil correlation with the remaining elements.
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Table VEI-1

PITTSBURGH: SURPACE AND STRUCTURAL RATINGS
VARIMAX ROTATED FACTCOR MATRIM
FACTOR 1 TACTOR 2: FACTOR 3 FACTOR 4. FACTOR S FRCTOR &
ACRONYM LARIABLE DESCRYPTION XF15TR ¥E2SUR KF3IFSUR KT AWIN XEPRFSTR XFSBSUR
LRCLSTR Ceiling structure=living racm 747 244 080 075 173 030
LRCLSUR Ceirling surface=living rocm 157 708 .058 .106 .143 085
LRWLSTR Wall structure-living room . 785 .222 L1258 114 181 020
LEWLSUR Wall surface-living room 193 662 .187 .128 143 .128
LEFLSTR Floor structure-living room 278 . 209 130 .Q58 .762 .034
LRFLSUR Floor surface-living room .lo8 166 .185 109 .146 ~.044
LEWCOND Window condition~living room 095 . 230 .088 .T47 093 Q07
BACLSTR Ceiling structure-bathroom 673 L0587 07& L0ES L1486 L442
BACLSUR Ceiling surface-kathroom . 098 371 .Q5% L1326 .07& 713
BAWLSTR Hall structure-bathroom .692 Q04 148 056 L1286 439
BAWLSUR Wall surface-bathroom 156 .338 164 152 L0291 675
BAFLSTR Floor structure-bathroom .283 100 L215 -14% 534 L3800
BAFLSUR Floor surface-bathroom 144 127 .673 104 162 .347
‘BAWCOND Window conditien-bathroon .0B3 105 101 673 .0B4 -266
ENCLSTR Cerling structure-kitchen .758 200 092 110 .163 094
KICLSUR Cerling surface-kitchen 173 .640 131 112 .086 170
ENWLSTR Wall structpre-kitchen .801 168 157 088 152 .095
KHWLSUR Wall surface-kitchen 143 . 626 220 167 .028 .289
KNFLSTR Floor structure-kitchen .365 176 150 .127 654 .026
XNPLSUR Floor surface-kitchen .139 200 . 740 074 L0398 064
XHWCOND Window condition=kitchen -118 162 .123 770 .057 .067
BRCLSTR Ceiling structure~bedroom 750 .243 075 L.106 .202 -.020
BRCLSUR Cerling surface-bedroom L2210 .653 062 146 123 L0111
BRWLSTR Wall structure-bedrocm .791 .178 112 .098 .187 006
BRHLSUR Wall surface-bedzoom 188 .638 154 .232 111 .119
BRFLSTR Floor structure-bedroom .284 155 180 -135 762 .038
BRFLSUR Fleor surface-bedroom -13% =118 778 140 107 076
BRWCOND Window condition-bedroom .145 .172 .089 .78l . 097 . 009
Percentage of variance explained (35.%) {9.2) (6.2} {5.4) {4.3) {4.0)

SHMPLE
DATA SOURCE:

A4ll enrclled houssholds

Inatral Egusing Evaluation Form
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Table VII-2
PITISBURGH: CENSUS TRACT DESCRIPIORS

VARIMAX ROTATED

FACTOF. MATRIX

FACTOR 1: FACTOR 2- FACTOR 3: FACTOR 4 FACTOR 5

ACRONYM VARIABLE DESCRIPTION RCENFOL XCENFO2 KCEMFQ2 XCENTO4 HCENFOS

XCTMDVAL, Median value of housanyg stock in the 202 724 477 -.118 -.065
tract

XCTMEGR Medzran value of gross rent in the tract 178 LBO9 .325 -.240 .019

KCTOWNOC Percentage of owner=occupled uhits in .903 016 180 286 —-.034
the tract

XCTDUAGE Medran age of housing stock in the -.293 ~.802 103 ~,202 068
tract

XCTDUACT Percentage of dwelling units with =.102 LI77 096 .026 004
central arr-~conditioning

XCTSGFAM Percentage of single~family detached -8R0 114 1i4 .254 Q02
units in the tract

KCTHDECH Hean number of years of school of 3od .603 . 556G -.193 ~.164
parsons 25 ang over

HCTMDING Hedran family income in tract 468 .510 812 L117 .020

XCTSMHSE Parcentage in same houses since 1963 564 -.452 ~. 015 L339 -.242
i the tract

XCTELCOL Fercentage of blue collar (14 or more L233 -.5352 -. 466 .515 L0681
years) workers

XCTCRWD Percentage of dwelling units with 1.01 .051 -.299 -.749 .136 .011
Or More pPErsons per room

XCTET4on Percentage of dwelling cnits mn tract -. 760 416 120 -.106 =-.029
with 5 or more units

XCTBATH Percentage of dwelling units with more 645 . 446 . 305 Q82 020
than one bathrcom

XCTINRMS Average number of rooms per dwelling .881 14z J183 -.219%9 -.J10L
wnait in the tract

XCTPBLK Percentage black in the tract -.118 -.001 -. 720 -.574 =-.056

KCTSPAM Percentage Spanish American in the tract -.031 -.037 -.0%6 006 . 965

XCTMDHSZ Median household size in tract .884 .14z -.160 .091 -.093

XCTPTHMGR Percentage of persons (14 or more years) ~.09%9 .712 .518 -.211 078
who work in professional jobs

KCTCLSL Percentage of persons {14 or more years) L0986 137 Arirl ~.020 ~.088
who work in clerical jobs

ACTWOPLE Fercentage of dwelling units lackinyg -.733 ~.193 ~.256 371 -.066
1 or more plumbing facilities

XOTWOHT Percentage of dwelling units lackang ~.415 -.112 =-.58% 027 L4051
adequate heat

XCTSHEIT Percentage of dwelling units with -.708 -.088 -.272 .302 -.144
ipcemplete or shared katchen facil:ities

Pergentage of variance explained (38.1) {23.0) (7.7 {5.0) 4.7)

SAMPLE. All enrolled households
DATA SQURCE: 1%70 Census of Population
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Table ¥II-3

PHOENIX CENSUS TRACT DESCRIPTORS
VARIMAX ROTATED FACTOR MATRIA

FACTOR 1- FACTOR 2: FACTOR 3

ACROWYM VARIARBLE DESCRIPTION XCENFOL HCENFOZ XCENFO3

XOTMDVAL Median value of housing stock 1n the tract .909 051 -.196

XCTMDGR HMedian value of gross rent in the fract .860 149 -.33%

XCTOWNOC Percentage of owner-occupled LNRILS 1n W283 871 - 182
the tract

XCTDUAGE ¥edran age of housing steck in the tract -.477 -.457 .409

XCTDUAC3S Percentage of dwelling units wath central -205 .478 -.294
airr—conditioning

RCTEGFAM Percentage of single-family detached units =208 85588 .1l16
in the tract

HCTHDSCH Mean number of years of school of persons 863 - 108 =-.413
25 and ower

ACTMDINC Median family income in the tract LB .300 - 237

ACTSMHSE Percentage in same house since 1965 1n -.206 .516 -1
the tract

XCTBLCOL Percentage of blue collar (14 or more -.398 304 -.052
years)

ACTCHYD Percentage of dwelling units with 1.01 or -.804 .350 . 256
moye persons per room

XCTGT4DU Percentage of dwelling uenits in tract with 402 -, 791 .176
S or more units

XCTRATH FPercentage of dwelliing units with mozre than .785 .508 -.057
ane bathroom

XCTHMNEMS Average number of rooms per dwelling unit .49% .189 ~.192
1n the tract

XCTPBRLK Percentage black in the tract -.386 -040 -369

XCTESFPAM Fercentage Spanish American in the tract -.785 .138 360

XCIMDHSZ Median household size in the tract -. 200 .864 -.031

XCTPTMGR Percentage of persons (14 or more years) .935 -.075 -.132
who work ain professional jobs

XCECLSL Percentage of persons (14 or more years) .B49 -.244 -.280
who work 1n clerical jobs

XCTWOPLR Percentage of dwellang units lacking 1 or -.370 -.126 .856
more plumbing facilities

ACTWOHT Percentage of dwelling units lacking -.720 038 .580
adeguate heat

XCTSHKIT Pergentage of dwellang units with incomplete -.141 - 254 L8132
or shared katchen facilitaes

Percentage of variance explained (5L.6) {23.2} {7 2]

SAMPLE: All enrolled households
DATA SOURCE. 1970 Census of Population
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Table VEII-4

PITTSBURGH MODIFIED CENSUS TRACT BESCRIFTORS

VARIMAX ROTATED FACTOR MATRIX

FACTOR 1l FRCTOR 2. FACIOR 3

ACRCONYM VARIABLE DESCRIFTION XCTFO1l - XQTFO2 XCTFD3

XCTMDVAL Median value of housang stock an the tract L204 G55 568

XCTHDGR Mediap value of gross rent in the tract 145 559 703

XCTOWROC Percentage of cwner=cccupied units in 950 .085 -.004
the tract

XCTDURGE Median ace of housing stock in the tract -.285 - 049 =70

XCTDUACZE porcentage of dwellirng units with central -.100 .285% .B33
ayr-conditilcning

XCTSGFAM percentage of single-family detached unats .90L .058 107
in the track

YCTHDSCH Mean number of years of school of persons 305 L7186 .446
25 and over

XCTMDING Madian family income in tract .500 .638 L3862

XCTSMHSE Percentage of same houses since 1965 1n 588 -.214 -.379
the tract

XCTBLCOL Percentage of hlue collar (14 or more years} LZBg -, 717 - 38%
workers

XCTCEKD Percentage of dwelling untts with 1.0l or more ol2 -.764 -.116
persocns per room

XCTGTACU Percentage of dwelling unats in tract with -.747 226 357
S or more units

XCTBATH Percentage of dwelling units with more than 638 _382 a3z
one bathroom

ZCTMNRMS Average number of rooms per dwellang unit in .844 .288 L0594
the tzract

XCIMDHSZ ¥edian tousehold size 1n the tract 863 =.166 .235%

XCTPTMGR Percentage of persons (14 or more yeaxs) -.109 L1086 .554
whe work an professiocnal jobs

HCTCLSL Percentage of persons (14 or more vears) .153 643 .037
who work in cleracal jobs

XCTWOPLB Percentage of dwelling umits lacking 1 or -.652 -.347 -.17%
more plumbang facilities

XCTWOHT Fercentage of dwelling units lacking --423 - 480 -.063
adequate heat

XCTSHEIT Fercentage of dwelling umts with incomplete -.634 =277 - 077
or shared kitchen facilities .

Percentage of variance explained (4.2} {25.2) (7.0}

SAMPLE:

411 enrolled households

DATE SOURCE 1970 Census of Population

a.
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Table VII-5

PHOENIX MODIFIED CENSUS TRACT DESCRIPTORSa

VARIMAX RQTATED FACTOR MATRIX

FACTOR L- FACTOR 2- FACTOR 2

ACRONYM VARIABLE DESCRIPTION XCTECL HCOTFO2 ¥CTFO3

XCTMDVAL Median value of housing stock in the tract .908 anl - 192

ACTMDGR Medran value of gross rent A0 the tract L863 089 ~-.344

XCTOWNCC Percentage of owner-cccupred units In .255 L840 -.138
the tract

XCTDUAGE Median age of housing stock in the tract -.496 =-.38% 372

XCTDUAC2 Percentage of dwelling units with central . 904 - 011 =-.306
arr-condiiioning

KCTSGRAM Fercentage of sangle~family detached units -, 170 .883 .056
1n the fract

XCTMDSCH Mean number of years of school of persons . 845 - LB& -.418
25 and over

AXCTMDING Median family income in the tract L2880 L2509 -.256

ACTSMHSE Parcentage 1n same house since 1965 in -.215 487 337
the tract

XCTBLCOL Percentage of blue collar (14 or more -.8%7a 347 -,042
years}

HCTCRWD Parcantage of dwelling units with 1.01 or -.757 391 .275
WOre persons pPer room

XCTIGTADY Percentage Of dwelling units in tract with . 360 -.788 183
5 or more unlts

XCTBATH FPercentage of dwelling units with more than .B803 L 465 -.084
one bathroom

HCTMNRMS Average number of rooms per dwelling unif .535 770 -.2356
in the tract

ACTMDHSZ Median houasehold size an the tract -,138 847 -.020

HCTPTMGR Percentage of perscons (14 or more years) .922 -.126 -.154
who work in professicnal jobs

XCTCLSL Parcentage of persons (14 or more years) .B25 - 299 -.271
who work in clerical jobs

XCTHOPLB Percentage of dwelling units lacking one -.354 -, 056 .928
ar more plumbing facilities

XCTWCHT Percentage 9f dwelling unats lacking . 599 092 .5B86
adequate heat

FOTSHETT Percentage of dwellang units with incomplete -.193 -.20% L33
or shared kitchen facilities

Percentage of variance explained (52.0} (24,2} (7.8)

SAMPLE

All enrolied households

DATA SQURCE- 1970 Census of Population

a, Excludes percentage of black and Spanash American 10 census trace,
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Table VIii-s

PITTSRBURGH INTERVIEW RESPOMSES
AGGREGRTEDR BY C* NEIGHBORHCOD
VARIMAX ROTATED FACTOR MATRIX

FACTOR 1 FACTOR 2. PACTOR 3 FACTOR 4~

ACRONYM ) VARIABLE DESCRIPTION XCNHF11 HCKHF 12 XCNHF13 HCHNFL4
AHCHPARE Qualaity of parking =-.412 .543 -.311 =.141
XECHNLGHT guality of street lightang 632 - 374 £334 -.157
XHCNSHOP Convenience to grocery shopping 684 404 =-.104 —-_242
FECHGARRE Quality of garbage collection 236 .589 -.486 ~.178
THCNFIRE guality of £ire department services .465 4an3 -,095 -.555%
HHCNPOL guality of police protection 227 575 -.370 -.583
XHCNTRAN puality of public transportation .646 .10%9 .288 .022
KHCRTREE (uality of landscaping - 068 76 -.560 -.446
ZHOWPRAY Convenience to places of worship .565 .445 - 025 -.051
KHCNMED tuality of medical facilitires .588 098 . 288 .294
XECNAREC Quality of adult recreation 822 .167 -, 286 -,143
KHCNTREC guality of teenage reécreation .887 o3 -.272 .622
XHCWPLAY Pual:ity of children's recreation 644 - 090 -.529 012
XHCRCARE guality of daycare Ffacilities ’ L132 L1455 -.054 867
XHCNELM Quality of elementary schools .294 LA08 -,303 -,451
XHCNIH uality of Junior high schools .189 902 -.064 -.108
XECWHSCH Quality of senior high schools 174 .29 - 142 -.129
KHCHETR Problems with street repalr -.142 ~. 2189 L2138 .538
FHCNLOUD Problems with noise -.04¢Q W133 860 .018
XECMMESS Litter and trash problems -.192 -.453 550 .522
XHCNTRAF Heavy traffic problems .214 ~-.181 857 L2201
KHCWNDRUG Drug problems -.065 -.63%2 . 505 .358
¥HCNCRIM Crame problems 089 -.265 146 647
FECHAEAN fbandoned burldings -.438 ~.354 .532 .500
HHCOSTUNK Litter in vacant lots -.211 -.341 .651 .532
Percentage of variance explained (41.2) {16.6) (7-4) (5,8)

SAMPLE- Al} eprolled households
DATA SOURCE. Baseline Interview
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PHOENTXK:

Takble VII-7

INTERVIEW RESPOHSES
AGGREGATED BY C* NEIGHBORHOOD
VARIMAX ROTATED FACTOR MATRIX

FaCTOR 1 FACTOR 2- FACTOR 3 FACTOR 4. FACTOR 5. FACTOR &
RCRONYM VARIABLE DESCRIPTION ACHHELL XCNHF12 XCHHE13 XCNHF14 ACHHF1S XCHHEL S
XHCHNPARK guality of parkaing L2714 -, 064 076 .849 -.224 ~-.025
XHCNLGHET Quality of street laghtang 015 . 093, -.290 .062 .752 -094
FHCHSHOP Convenience to grocery shoppang 571 L1186 -249 721 -.030 119
KHCHGARE fuality of garbage collection 362 212 .049 .493 157 .679
HHCHFIRE tualaty of fire depariment service 525 230 005 194 .237 -694
XHCHPOL Quality of police protection .728 L0639 -.134 081 .00l 070
XHCHNTRAN Quality of public transportation -.077 -.100 -. 254 -.167 J227 .324
XHCNTREE Quality of landscaping .653 .203 ~.210 480 .297 -.018
XHCNPRARY Convenlence to places of worshap 518 . 264 596 . 240 -.303 073
XHCHMED Qualaty of medical facilities 746 .296 083 300 ~.122 .i15
EIHCHREEC puality of adult recreation 3587 BT 068 . 266 .094 042
AZHCHTREC Quality of teenage recreaticn 112 944 .103 - 029 139 048
XHCHPLRY puality of children's recreation .0Bg .86B - 307 039 L111 007
FHCHCARE Quality of daycare facalities .398 464 =175 .336 063 0583
ZHCNELM guality of slementary schools .336 .329 510 551 .226 097
KHCNJH guality of junior hagh schools -.087 .151 917 078 -.107 .052
XHCNHSCH Quality of senior high schools .B69 .37 .282 .488 -.184 -.074
HHCNSTR Problems with street repa:r -.5%2 -. 346 -.508 L3356 - ._487 120
XHCNLOUD Problems with noise -.353 - 177 -.335 -.276 -, 120 .6R9
FHCNMESS Laitter and trash problems -. 746 -.450 -.111 -.384 015 - 146
XHCNTRAER Meavy traffic problems .078 180 .014 -.145 LB67 .01%
ZHCTNDRUG bruy problems -.758 L0321 =.336 -.251 -.048 -.082
ZHCNCRIM Crame problems -.731 037 -.255 -, 229 - .066 .194
KHCNABAN Abandoned bu:ldings -.717 -.151 ~.053 = 520 =.109 - 162
KHCHITNK Latter in vacant lots =-.746 - 403 .104 -.0% -.224 -.148
Percentage of variance explained {45.6) {13 3) {10 5} (5 8} (4.6} (4.3}

SAMPLE: &ll eprolled households
DATA SCURCE- Baseline Interview
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Table VII-8

PITTSBURGH: INTERVIEW RESPONSES
AGGREGATED BY C* NEIGHBORHOOD
VARIMAX ROTATED FACTOR MATRIX

FACTOR 1: FACTOR 2: FACTOR 3:
ACRONYM _ VARTABLE DESCRIPTION XCNHF21 HCNHF22 XCHHFZ23
HHCNBPOL Poorly rated police protection 577 .665 .099
XHCNBTRE Poorly rated landscaping 764 . 281 .295
XHCNBPRK Poorly rated avarlability of parking -448 .082 -.336
¥HCNBRCA  Poorly rated adult recreation -304 . 254 .752
XHCNBRCT Poorly rated teenage recreation 070 L2112 .860
XHCNBRCK  Poorly rated children's recreation .159 .020 -837
XHCNBELM  Poorly rated elementary schools -094 .759 L 271
XHCNBJH Poorly rated junio¥r high schools -223 .888 .186
XHCNBSH Poorly rated senior hagh schools .182 .905 -102
XHCNSTR Problems with street repa:ir . 639 . 240 197
XHCNLCOUD  Problems with noise .764 -.027 . 266
XHCNMESS Laitter and trash problems . 741 .507 .169
XHCNTRAF  Heavy traffic problems -813 -1ie .032
XHCNDRUG  Drug problems .776 -438 013
XHCNCRIM Crime problems 430 .574 -.161
XHCNABAN Abandoned buildings 587 .505 .438
XHCNJUNK  Laitter in vacant lots 777 .416 - 266
Percentage of variance explained {49.9) {(12.0) (9.7}

SAMPLE:
DATA SOURCE:

All enrolled households
Baseline Interview
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PHOENIX

Table VII-%

INTERVIEW RESPCNSES
LGGHEGATED BY % MEIGHBORIAOOD
VARIMAX RCTATED FACTOR MATRIX

FACTOR 1- FACTOR 2 FACTOR 3 FACTOR 4 FRCTOR 5
ACRONYM VARIABLE DESCRIPTION XCHHF 21 XCNHF 22 ALCHHEZ3 ACHHE 24 XCNMF 25
LHCHEROL foorly rated police protection 217 .780 - QB8 058 039
XHCYBTRE Poorly rated landscaping .432 .50% .234 396 =-.084
XHCNEPRK Poorly rated availability of parking =_303 225 .589 .198 500
KHCNBRCA Poorly rated adult recreakion BTF . 289 .1a8 L.241 -.020
XHCNBRCT Poorly rated teenage recreation .903 .00 053 -.107 -.283
XHCHERCK Poorly rated chaildren's recreation 935 .142 068 092 069
XHCNBELM Poorly rated elementary schools 255 Qz8 594 L0686 -.095
RHCHBSH Poorly rated junior hagh scnools .356 asi .537 L521 L2386
AHCNBSH Poorly rated senisr hign scheols 608 . 56% L3109 073 305
FHCHSTE Problems with street repair 462 198 -.184 .BB5 ~.150
HHONLOUD Proklems with noise o9l 036 .150 755 056
HHCHMESS Litter and trash preblems .188 .745 .311 L4237 -.058
XHCNTRAF Heavy traffic problems -.G638 -.,100 -.027 -.019 .899
KHCKDRUG Drug problems 002 .531 092 Aty .051
KHOICRIM Crame problems .125 373 A0 .631 -.069
HHCNABAN Akandomned puildings 131 611 .587 .389 -,015
KHCNITUNK Litter an vacant lots 118 .800 .188 262 -.356
Percentage of variance explained (46.1) {14.3) (9.1} (6.4) {6.0)

SAMPLE. All enrclled households
DATA SCURCE: Baseline Interview
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APPENDIX VIIT
ASSESEMENT OF COLLINEARITY

Section 2.1 describes the approach used to assess collinearity among the
housing attribute variables. Tables VIII~I and VIII-2 of this appendix

list the variance inflation factors--the dragonal elements of the inverse

of the var:ance-covariance matrix of the independent variables (standardized).
Also, the determinant of the correlation matrix 1s listed. The variables

and sample are the same as those for Tables 3-2 to 3-5, the final full

sample hedonic regressions.
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Table VIII-1
ASSESSMENT OF COLLINEARITY. PITTSBURGH

VARTANCE INFLATION FACTORS

VARIABLE DESCRIPTION LINZAR SEMILCG
Related to landlord {0,1] 1l.098 1.100
Length of resadence (exponential functaion) 1.093 1.094
Tenure tardlord lives in the building (0,1) 1.105 1.118
Characteristics
Number of persons per room 1.148 1.149
Kumber of landlord contacts for maintenance 1.113 1.178
Area per rcom (natural log) 1.154 1.183
Teotal number of rooms (ancludes kitchen & bath)
{natural log) 1.29% 1.382
Building age {years} 1.673 1.688
Stove and refrigerator provided (0,1) 1.567 1.580
Inferior or no heat (0,1) 1.295 1.300
Garage provided (0,1) 1.106 1.108
Offstreet parking provided (Q,1) 1,125 1.126
Overall evaluator rating {4 point scale} 1.772 1.7%6
Dishwasher and/or disposal provided (0,1} 1.125 1.1326
Cwelling Regent intericey painting or paperang (0.1} 1.070 1.068
gz;tures Many high quality features {0,1) 1.204 1.207
Poor wall and ceiling surface (factor score) 1.346 1.350
pPoor window conditicn (factor score) 1 242 1.244
Foox bathroom wall and ceiling swface (factor
score) 1171 1173
High quality kitchen (0,1} 1.204 1.208
Presence of adeguate exats (0,1) 1.123 1.134
Bir-conditioning present {(0,1) L.158 1.162
Presence of adequate ¢eiling heaght (0,1) 1101 1,104
Adequate kaitchen facilitaies present (0,1) 1.03% 1.062
Large multaifamily structure (0,1} 1.418 1.459
Working condition of plumbing (5 point scale) N/A 1.lé8&
Presence of private yard (0,1) N/A 1.257
Good rxecreational facilities and access {(factor
score) 1.20L 1.203
Traffic and litter problems {(factor score) 1.527 1.540
Problems with crime and public services (factor
score) 1l.229 1.235
Heighborhood Census tracts with hrgher priced units and
Peatures higher socicecenomic status {factor score} 1.539 1.538
HorminoTity census tracts with hagher socio-
economic status (factor score) 1.675 1.705
Blue cellar workers and nonminority residents
1in census tracts (factor score) 1.068 1.072
Eigh quality block faece (0,1) 1.31¢0 1.312
DETERMINANT OF CORRELATION MATRIX 0 0187 0.0112

SAMPLE. All enrolled households, excluding those that moved between the Baseline Interview and
enrcilment, those with extreme values for residuals, and those living 1n a neighborhood with fewer than five
enrolled houscholds.

DATA SQURCES  Baseline Interview, Initial Househeld Report Form, Housing Evaluation Form, 1970 Census
of Population. A
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Table VITI-2
ASSESSMENT OF COLLINEARITY PHGENIX

VARIANCE INFLATION FACTCORS

VARIMBLE DESCRIPTICON LIKEAR SEMILOG
Relatad to landlord (9,1) 1 046 1.055
Tenure Length of residence {exponential function) 1 222 1.226
Characteristlcs Number of persons per room 1.282 1.286
Number of landlord contacts for maintenance 1.043 1.045
Area per room (natural log) 1.188 1.227
Total number of rooms {incledes kitshen & bath)
(natural log) 1.300 1.418
Bauilding age {years) 2,675 2.697
Stove or refrigerator provided (0,1} 1.462 1.469
Central heat present {0,1) 2 477 2.541
Garage or carpart provided (0,1} 1.214 1.215
Dwelling Dishwasher and/or disposal provaded (0,1} 1.622 1.625
g::tures Recgent interior painting or papering (0,1) 1.102 1.104
Average surface and structural quality
{4 point scale} 3.329 3.97%
Adequate light and ventilataion (0,1) 1.281 1.284
Central air-conditioning present {0,1) 2,871 2.683
large multifamily strxucture (0,1) 1.410 1.41¢
Plumbaing present (0,1) N/A 1.436
Inferior or no heat {0,1) N/A 2.016
Pregence of adequate celling heiaght (0,1} N/A 1.142
Overall nexghborhood quality (factor score) 1.878 1.883
Recreational facilities (factor score) 1.474 1.477
Access to shopprng and parking (factor score) 1.950 1,962
Census tracts with higher priced units and
higher sociceconomic status (factor score) 3.198 3.266
g:;gﬂi:;hood Owner-occuplied single family dwelling units
in c¢ensus tract (factor score) 1.647 1.659
Poor quality housing in census tract (factor
scare) 1.445 1.307
Distance from the Central Busaness District (miles) 1.446 1.458
Quality of block face landscaping (4 point scale) 1.150 1.158
DETERMINANT OF CORRELATICN MATRIX 0.0012 0.0004

SAMPLE: All enrelled households, excluding those that moved between the Baseline Interview and
enrellment, those with extreme values for residuals, and those living 1n a2 neighborhood with fewer than five

enrolled households.
DATA SOURCES:

of population.

Baseline Interview, Initial Household Report Form, Housang Evaluation Form, 1970 Census
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