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This dissertation presents estimates of black and white homeowner

and renter income and price elasticities of housing services demand in

the United States for the year 1981. The econometric model employed in

this analysis takes into account the individual's twofold decision on

(1) the level of housing services to select and (2) whether to own or

rent a housing unit. The data set used in this study is the 1981 SMSA

Annual Housing Survey, the most detailed housing database currently

available.

A measure of permanent income is estimated using an instrumental

variables technique. Endogenously constructed racial housing price

indices are built using hedonic pricing techniques for homeowners and

renters in each of the fifteen Standard Metropolitan Statistical Areas

(SMSAs) in the sample. These income and price terms together with a set

of demographic variables and a variable which captures any simultaneity
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between the housing demand and tenure choice decisions are used as

explanatory variables in the final housing demand equations.

The results from these equations show that blacks have higher price

and income elasticities of housing services demand than whites in both

the homeowner and rental markets. The price elasticities are -1.04 and

-1.01 for black and white owners, -0.62 and -0.12 for black and white

renters. The income elasticities are 1.42 and 1.30 for black and white

owners, 0.53 and 0.36 for black and white renters. Evidence of

simultaneity is found between the rent and housing consumption

decisions and also between the own and housing consumption decisions.

On examining any changes in price and income elasticities estimates

caused by using price indices (1) constructed endogenously from the

Annual Housing Survey and (2) from the Bureau of Labor Statistics,

differences in the relevant elasticities ranged between two and

fifty-four percent.
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CHAPTER I

INTRODUCTION

The main contribution of this research is that it is the first

paper to use endogenously constructed price indices for black and white

homeowners and renters in housing demand equations. Most housing demand

studies use the time-series or cross-sectional housing price indices

constructed by the Bureau of Labor Statistics (BLS). The time-series

BLS city housing price indices are inappropriate for use in

cross-sectional studies as they do not measure relative differences in

prices or living costs between cities at a point in time. Unfortunately,

Lee and Trost (1978) use these price indices in their housing study.

Thesp indices show how prices change in a particular city over time, not

whether prices are higher in one city than in another . As stated in

U.S. Department of Labor (1984):

The area indices measure the average changes in price for

each area since the base period. They do not measure

differences in the level of prices among cities; that is,

they cannot be used to determine "high living cost" or

"low living cost" cities or regions, (p. 6)

The BLS cross-sectional family budget data measure differences in

living costs between cities for a family comprising a 38-year-old

employed husband, a wife not employed outside the home, an 8-year-old

girl, and a 13-year-old boy - a typical 4-person family. For renter

families, the standard unit is an unfurnished five-room apartment in

sound condition with a particular set of neighborhood dwelling

characteristics, such as a complete private bath and a fully equipped

kitchen. For homeowner families, the standard unit is a five- or



six-room, 1- or lf-bath house with the same set of neighborhood and

dwelling characteristics as the standard rental unit. Problems with the

BLS family budget are that it not only looks at a very arbitrarily

specified family composition, but also only keeps quality constant in so

far as looking at arbitrarily and vaguely defined sound rental and

homeowner housing units (see Chapter III for a thorough discussion of

this topic). The price and income elasticities of housing services

demand reported in studies using BLS price indices can be directly

compared to the price and income elasticities obtained in this study

which use endogenously constructed price indices.

Several authors, notably Gillingham (1975), Follain, Ozanne, and

Alburger (1979), and Follain and Malpezzi (1979), do construct owner and

rental price indices using hedonic methods, as in my study. However,

they do not incorporate their indices into housing demand analysis, a

logical place for such housing price indices. This study takes the

current state of the art forward by incorporating endogenously

constructed housing price indices, not BLS price indices, in a study of

the demand for housing.

A second contribution of this study is to apply the econometric

technique developed by Lee and Trost (1978) to the best housing data

available, the Annual Housing Survey (AHS). Other papers using the

Lee-Trost model, namely Lee and Trost (1978) and Rosen (1979a and

1979b), use the Panel Study of Income Dynamics (PSID) from the

University of Michigan. This data set over-represents low-income

households, includes only 2,000 households, and contains few items

concerning housing. The only other paper to use the Lee-Trost model,

namely Gillingham and Hagemann (1983), used the Consumer Expenditure

Survey (CES) which, although it contains more households (approximately



23,000) than the PSID, again has insufficient information on shelter.

Housing was not the focus of the PSID or the CES . However, the Annual

Housing Survey, as the name suggests, emphasizes housing. The 1981

Annual Housing Survey (SMSA file), which I use in this study, is a sur-

vey of about 75,000 individual housing units across 15 SMSAs. Each

household head was asked approximately 500 questions about his previous

and current housing situation. The Annual Housing Survey is by far the

largest and the most detailed source of housing information currently

available.

Before summarizing housing demand elasticities computed by single

equation methods, that generally use BLS price indices, I will briefly

describe the methodology underlying the single equation estimation

methods.

Prior to Lee and Trost (1978), housing services demand elasticities

(income and price) for grouped and micro data were obtained by

estimating single equations of housing demand for homeowners and renters

separately, taking no account of the tenure choice decision. Before

1978, the typical procedure used to derive estimates of housing demand

elasticities started with the following equation:

log qH
= 6 + Bj log y + B

2
log pR

+ &
3
log px

+ u (1-1)

where q IT
= quantity of housing services

n

y = current income

p = price index of housing services
n

p = price index of all goods (excluding housing

services)

In equation (1), g. and g„ were the "true" income and price

elasticities of housing services demand, respectively. The demand



equation is homogeneous of degree zero in prices and income, implying

the constraint 3, + 3 + B
= 0. Adding log p„ and subtracting log p

i Z J n a

from both sides of (1) yielded the following equation, estimable with

micro data:

log (e
H/px

) = 6
Q
+ Bj log (y/px

) + (1 + Bj) log (pR
/px

) + e (1-2)

where e„ = expenditures on housing services,
n

A similar procedure was carried out for grouped data (details of

which are discussed in Polinsky and Ellwood (1979)). Equation (1-2) in

many studies also included demographic variables, so that the housing

demand equation estimated was a slight variation of (1-2). An excellent

survey of the pre-1978 literature by Mayo (1981) found micro housing

demand elasticities to lie in the following ranges: renter and owner

income elasticities of demand, 0.08-KL70 and 0.21-M3.71; and renter and

owner price elasticities of demand, -0.17-*— 1.28 and -0.52-*—0.89.

Lee and Trost (1978) solved the econometric problem posed in Vaughn

(1976): "A method does not yet exist to include both categories (home-

owners and renters expenditures) within a single regression equation"

(p. 55).

All pre-1978 housing demand studies are limited by not having the

Lee-Trost modelling procedure available. Not incorporating a variable

which takes into account the simultaneity between the housing

consumption and tenure choice decisions renders the elasticities

computed from single equation methods biased and inconsistent. Since

Lee and Trost, three more papers have been published, all using micro

data, which allow for simultaneity between the decision whether to own

or rent and how much to spend on housing services. Lee and Trost

estimated income elasticities of demand to be in the ranges 0.55^-0.61



for owners and 0.50>0.51 for renters. Rosen (1979a) estimated owners'

elasticities of demand to be 0.76 for income and -0.97 for price.

Gillingham and Hagemann (1983) estimated income elasticities for owners

and renters in the ranges 0.23+0.54 and 0.29^-0.74, respectively, and the

price elasticities for owners and renters to be in the ranges

-0.27^-0.57 and -0.66^-1.17, respectively. A similar study carried out

in the United Kingdom by King (1980) estimated the price elasticities of

housing demand for owner occupied, subsidized rental, and furnished

rental housing at -0.52, -0.49, and -0.65, respectively. From these

four studies the evidence seems to be that the income elasticities are

in the ranges 0.25+0.75 and 0.30+0.75 for owners and renters, while the

price elasticities are in the ranges -0.30-»— 1.00 and -0.50^—1.20 for

owners and renters, respectively.

Each of the three U.S. studies leaves room for improvement. Lee

and Trost (1978) fail to include the income tax advantages of owning a

home in their price index of housing services for homeowners. Although

Rosen (1979a) and Gillingham and Hagemann (1983) both correct for income

tax effects, Rosen uses for e (the expenditures on housing services by

homeowners) the market value of the home, while Gillingham and Hagemann

use the respondent's estimate of the rental value of the home net of

utilities. Also Gillingham and Hagemann use current instead of

permanent income and do not include the net imputed rental value of

owning a home in owners' income.

The third major contribution of this study is to fill a void in the

existing housing demand literature. No published papers use Lee and

Trost 's simultaneous model of tenure choice and housing services demand

to estimate black and white homeowners and renters' price and income



6

elasticities of demand for housing services separately. A crux of my

paper is to estimate elasticities for blacks and whites separately.

This study also estimates these elasticities for black and white

homeowners and renters across three major education levels to examine

whether housing demand elasticities vary with educational attainment.

The endogenous construction of racial price indices for owners and

renters in this study also permits me to test for racial price

discrimination with regard to housing across the fifteen SMSAs in my

sample. Although the main questions asked in this thesis are not

related to housing policies, it is possible to use the computed

elasticities to examine whether national housing policies have varying

effects on different racial groups and even across groups with different

education levels in the United States.

In Chapter II the few previous studies on racial housing demand

elasticities are reviewed. Chapter III highlights the deficiencies

of past housing research and the resulting consequences on coefficient

estimation. Chapter IV details the statistical theory behind the

Lee-Trost model of simultaneously looking at the decisions of how much

housing services to consume and the tenure choice decision. Also in

this chapter the housing variables used in this analysis are

constructed and the best functional form of the housing demand and other

relevant equations are found. In Chapter V the empirical results are

tabulated and discussed, the conclusions of the thesis are presented in

Chapter VI. Finally, the appendix details the data used from the Annual

Housing Survey and other sources. The appendix also defines all the

housing variables used in the thesis.



CHAPTER II

A REVIEW OF THE LITERATURE ON PREVIOUS STUDIES

ESTIMATING RACIAL HOUSING SERVICES DEMAND ELASTICITIES

Using single equation methods, three papers using micro data have

looked at racial housing demand elasticities. The first, Kain and

Quigley (1975), used a sample of 1,200 individual housing units (owners

and renters) in St. Louis. The best of their numerous specifications

yielded income elasticities of housing demand of 0.28 for white and 0.07

for black owners. Their best equation for renters produced income

elasticities of 0.25 for white and 0.15 for black renters. They assumed

a linear functional form for owner equations and a semi-logarithmic form

for renter equations. No price elasticity of housing demand was

computed since all individuals in St. Louis face the same price of

housing; therefore, no price term was included in their demand

equations. When calculating a homeowner's income, they did not take

into account the net imputed rental value of a house. Finally, the

sample had only 72 black owners and 266 black renters.

The second study, Mayo (1977), has its results tabulated below:

White Renter-Occupied

Black Renter-Occupied

n
y
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Mayo used a stock adjustment model on individual rental data from

the Housing Allowance Demand Experiment (HADE), carried out in

Pittsburgh and Phoenix, to examine the feasibility of a percent of rent

payment scheme. Although the price elasticities (r\ ) are consistently

more elastic for black renters than for white renters, no pattern

emerges concerning the income elasticities (n ). Mayo's results must be

viewed with caution. First, his equations suffer from a high degree of

collinearity between the income and lagged rental expenditure variables.

Second, the data, from an experiment of limited duration, reflect house-

hold reaction to a temporary, not a permanent rental price reduction.

Third, the equations included no demographic variables.

The third paper, Friedman and Weinberg (1982), to use micro data in

order to examine racial housing demand elasticities produced the

following results:

White Renter-Occupied

Black Renter-Occupied

n
y



approach. Their paper also assumes a semi-logarithmic functional form

for the equation, and has no demographic regressors.

Using pre-1978 techniques, two papers employing grouped data have

looked at racial housing demand elasticities, de Leeuw (1971) and Vaughn

(1976). The results of the two studies are summarized in the table

below:

All Owner-Occupied

Other Head, Owner-
Occupied

All Renter-Occupied

Other Head, Renter-
Occupied

\
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his owner demand equations. Finally, neither study treats blacks and

whites separately.

My study fills a void in the existing racial housing demand

elasticity literature by not only taking into account the omissions and

errors of previous studies, but also by using a simultaneous model of

housing demand and the tenure choice decision. All previous racial

studies have used only single equations of housing demand in their

elasticity estimation.

On examination of the few prior racial housing demand studies,

it is clear that no overall conclusion can be drawn that the price and

income elasticities of housing services demand are higher for blacks

than whites, or vice versa. From a general review of the housing demand

literature it was found that the price and income elasticities of

housing services demand are higher for homeowners than renters. The

price elasticity of housing services demand for homeowners is generally

in the -0.7-v-1.0 range, while the income elasticity of housing services

demand for homeowners is generally in the 0.8+1.3 range. As stated

above, the same two elasticities are found to be lower in the rental

market.

There are numerous theories (see King and Mieszkowski (1973)) on

why blacks pay more than whites for structurally identical housing

units. A slight majority of studies (see Yinger (1979) and Follain and

Malpezzi (1979)) support the finding that blacks pay more than whites

for structurally identical housing units. However, there are no

theories detailing why the price and income elasticities of housing

services demand should differ, if at all, between blacks and whites.

There is nothing in the literature to support the following statement
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made by de Leeuw (1971): nonwhite households appear to have a slightly

lower income elasticity of demand than all households, perhaps because

of restrictions on choice due to racial discrimination, (p. 8)

A question one could ask of this dissertation is: What is the

motivation and purpose behind wanting to estimate racial housing ser-

vices demand elasticities? In response, I can think of two main areas

where racial housing demand elasticities are of particular interest.

The first area concerns the effectiveness of past, current, and

future federal housing policies and whether there are different

responses from blacks and whites to these policies. During the early

1970s the majority of federal housing policies were generally costly and

inefficient supply oriented programs. Examples of these policies were

public housing which gave a subsidy to local housing authorities for the

construction of rental housing, Section 221 which gave an interest

subsidy to private sponsors, and Section 236 which gave an annual

subsidy to project owners. The National Housing Policy Review (NHPR)

Commission, established by President Nixon in 1973, came out in favor of

turning to more demand oriented housing programs . The higher the price

and income elasticities of housing services demand, the greater the

effectiveness of demand oriented programs. The NHPR study led to the

implementation of Section 8, a demand subsidy program that gave an

indirect payment to renters. Also, the Housing Allowance Demand

Experiment (HADE) was conducted which gave housing allowances to renters

and owners in the form of direct income transfers to both tenure groups.

Programs such as the percent of rent subsidy could be evaluated using

racial price and income elasticities of housing services demand to

examine whether it was acting as a housing subsidy or merely an income
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transfer to the participants. The success of such housing programs

depends on the magnitudes of the income and price elasticities of

housing demand - whichever elasticity is appropriate to the program in

questions. If the two elasticities are higher for blacks than whites,

then demand oriented housing policies have more of a beneficial effect

on blacks due to their greater responsiveness than whites.

A second application for racial housing services demand

elasticities is in the arena of traditional monocentric model theory and

helps explain why blacks are more concentrated in central cities, while

whites prevail in the suburbs. As stated in Mills (1980):

Suppose that the disutility of a mile of commuting is proportionate

to the wage rate, and that the factor of proportionality is no

greater for high- than for low-income workers. Then, if the income

elasticity of demand for housing exceeds 1.0, high-income workers

live further from the urban center than do low-income workers. If

the income elasticity is less than 1.0, high-income workers
nevertheless live farther out, provided the demand for housing is

not too inelastic with respect to its price, (p. 73).

The income elasticities of housing services demand of blacks and

whites, together with the income levels of the two racial groups, can

help explain the process of white suburbanization over the years.



CHAPTER III

IMPROVEMENTS IN THE MEASUREMENT AND SPECIFICATION OF

HOUSING VARIABLES

The previous literature on housing demand has ignored or

mis-defined one or more of the relevant economic variables from the

theory of consumer demand relating to housing as a durable, as well as

an investment, good. This is the first study to correct for all the

previous shortcomings in the same analysis that builds on the work of

prior authors in the housing area.

i. As discussed in the introduction, this study improves on the

work of previous authors by endogenously constructing racial housing

price indices for black and white owners and renters. Virtually all the

prior literature on housing demand has used cross-sectional housing

price indices from the family budget survey published annually by the

Bureau of Labor Statistics, which can definitely be improved upon. The

standard unit in the BLS survey for renter families is defined in the

U.S. Department of Labor (1984) as: "...an unfurnished five-room unit

in sound condition with a complete private bath, a fully equipped

kitchen, hot and cold running water, electricity, central or other

installed heating, access to public transportation, schools, grocery

stores, play space for children, and location in residential

neighborhoods free from hazards and nuisances" (p. 23). The standard

unit in the BLS survey for a homeowner family is defined in the U.S.

Department of Labor (1984) as: "...the same as that for the renter

families insofar as neighborhood and dwelling unit characteristics are

13
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concerned, except that the unit itself was a five- or six-room dwelling

and one or one and one-half baths..." (p. 23).

The hedonic price indices used in this study control for housing

quality in a superior fashion to the BLS price indices. There can be

much variation in the owner and rental housing units described above

that only have the very basic necessities included. The definition of a

"sound" housing unit is also very subjective.

The hedonic price indices in my study have far more detail on the

structural, neighborhood, and locational features of the housing unit in

question (see Table 1). The structural characteristics in this study

take into account the age of the structure, totally ignored in the BLS

indices. Also, the number of floors and the presence of air

conditioning, a fully working electrical system, a telephone, and

rodents in the housing unit. The neighborhood characteristics in the

BLS are equally as vague as those in the AHS. However, the locational

variables are superior in the AHS as the location of the unit within or

outside the central city is available, as well as the distance and time

the household head is from his place of work. Another superior feature

of the indices computed from the hedonic analysis is that separate price

indices are constructed for homeowners and renters, the BLS only has a

composite shelter cost.

Finally, the BLS does not differentiate between blacks and whites

in either tenure category. My housing price indices are constructed for

both racial groups and for both tenure categories in each of the fifteen

SMSAs in my sample . There are more sub-groups available from my AHS

endogenously constructed housing price indices than from the BLS family

budget survey data.
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ii. Much of the previous literature uses current (measured) income

instead of permanent (normal) income (see Friedman (1957)). The

problems involved in estimation with current income are shown below:

where

Y
c

= Y
p
+ Y

T
(identity)

Y = Current (Measured) Income

Y = Permanent (Normal) Income

Y = Transitory Income

The "true" housing demand function can be specified as follows:

Q = B
p
Y
p

+ BT
Y
T

+ rw + U

where

Q = Quantity of Housing Services Demanded

W = a vector of other explanatory variables, including the

constant and a housing price variable

However, many previous studies have a misspecified housing demand

function where current income is used instead of permanent income in the

following form:

§

c
Y
c

+ rw + v

Given the above misspecification and that Y , Y , and W are

uncorrelated, the ordinary least squares (OLS) estimators of Bc
and r

are

r r

l/EY*

(WW)
-1

EY
C
V

wv
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where plim 3=3+ plim
ZY V

TY2

LT
Ycj

After some manipulation and using the following expressions:

plim
E(Y

p
)

3

plim
£(Y

T
)
2

V = (f 5

C
)Y

P
+ (B

T V Y
T
+ U

=

CT

P
+

T

the following is derived:

plim 3
C

5

p
+ (1-0) 3

T

As permanent income is expected to have a greater impact on housing

demand than transitory income (i.e., and < < 1), the

following is found:

3
p

> plim 3
C

> 3
T

The final conclusion is that if current income is used instead of

permanent income, the result will be an underestimate of the permanent

income elasticity of housing services demand and an overestimate of the

transitory income elasticity of housing services demand. My paper will

use a measure of permanent income derived from an instrumental variable

technique using Milton Friedman's Permanent Income Hypothesis (see

Chapter IV)

.

iii. Many housing demand studies do not add net imputed rental income of

a house (NI = gross rental value - housing expenses) to the permanent
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income of homeowners. De Leeuw (1971) defines this net imputed rental

income as: "the nonmonetary income owner-occupants derive from the

rental value of their homes" (p. 3).

Not taking net imputed rental income into account biases the income

elasticity of demand for housing services of homeowners away from one.

iv. Many housing studies use incorrect price deflators, or even no

price deflators at all. The price index of all goods and services

(excluding shelter), p , is used to deflate nominal price and income

variables. The price index of all goods and services should exclude

shelter; unfortunately many housing studies do not take this into

account. The bias introduced by not excluding shelter depends on the

share of the overall index going to housing. The bias is larger, the

greater the share of the good being estimated is in the person's budget.

As individuals usually spend a large share of their income on shelter,

as opposed to say fish, the bias introduced by not excluding shelter

from the price index can be large. The price index of all goods and

services (excluding shelter) used in this study is derived in Chapter

IV.

v. A further point concerns the definition of e (expenditures on

housing services by homeowners) used in the majority of the literature.

As de Leeuw correctly states: "The variable to which the theory of

consumer demand and most empirical demand studies refer is expense per

unit of time (usually per year), not market value (or sales price)"

(1979, p. 2).

My interpretation of e will follow that of de Leeuw by measuring
o

the annual expenditures on all housing services. One should also
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include in e the net imputed rental income (NI) of the home to the
o

homeowner, which is the opportunity cost of the homeowner's equity.

Rosen's (1979a) rationale for using an incorrect measure (i.e., market

value) is seen where he states:

Since the theory of consumer demand suggests that housing

services is the appropriate variable, it is implicitly assumed

that the flow of housing services is proportional to the value

of the house. This has been the explicit or implicit

assumption in most studies of the demand for owner-occupied

housing and is retained (here) for lack of a better

alternative, (p. 9)

However, de Leeuw has shown that average housing service expense as

a percent of average market value decrease as market value rise (see de

Leeuw (1971), Table 1, p. 2). Rosen and other writers are empirically

incorrect when using house value (or sales price) as a proxy for expen-

ditures on housing services by homeowners.

vi. Many authors fail to adjust P , the price index of housing services

for homeowners, for the implicit subsidy given to homeowners under

current federal income tax regulations in the United States.

Under current law, homeowners can deduct property taxes (T) and

mortgage interest payments (MI) from their taxable income. The

adjustment to the price index for homeowners (P ) used in this thesis

incorporates a procedure similar to that reported in Hamilton and Mills

(1984), where

P .
=

[ P(i-t) + | (i-t) + d + m - ( g
r
+n

e
) ] P

no j v v o

where p .
= homeowner price index for individual j

oj

P = homeowner price index for a race/tenure group in a
o

certain SMSA
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MI = mortgage interest payments

V = value of home

t = marginal tax rate

T = property taxes

D = rate of depreciation

M = rate of maintenance

g
= real rate of capital gains

II = expected inflation rate

N
g = nominal rate of capital gains

r e
= g + IT

The above approach links together the rental price and the value

price in housing markets, where p . is a rental equivalence index of an

owner's house price index (P ). The above equation takes into account

that both mortgage interest payments and real estate taxes are currently

deductible from taxable income. Also, depreciation and maintenance are

costs to an owner, hence their positive signs, whereas capital gains,

g , are a negative cost to an owner, hence its negative sign. This

expression also takes into account that the nominal capital gains rate

is made up of two components, a real capital gains rate (g ) and an

expected inflation rate (II ).



CHAPTER IV
THE MODEL

Estimation Technique Theory

The model used in this paper is the one developed by Lee and Trost

(1978) which allows for simultaneity between the decision whether to own

or rent (the tenure choice equation) and the decision on how much to

spend on housing consumption (the housing demand equation). The

theoretical model can be set up as follows:

e=h(X)+e[ e=eifl>0
o o

e = h(X ) + e f (4-1) e = e otherwise
r r r

I
r

1 = g (Z) + e

where

e = expenditures on housing services if household head owns

e = expenditures on housing services if household head rents

X , X , Z = explanatory variables in each equation

I = unobservable index determines tenure choice

It is a switching regression model where the index function

determines whether e or e is observed. The Lee-Trost model
o r

incorporates the correlations between e and e, and between e and e* or
into the estimation process. Unless e and e are both independent of e

(i.e., no simultaneity), traditional simultaneous equation estimation

yields biased and inconsistent estimates of the parameters in system

(4-1). Lee and Trost suggest two methods of estimating the above

20
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system of equations which avoid inconsistency, a maximum likelihood

procedure and a two-stage procedure. I will use the two-stage procedure

(as have Rosen, 1979a and Gillingham and Hagemann, 1983) because it is

computationally easier to implement.

The first stage is to estimate the tenure choice equation. I

specify this as a Probit model (see McFadden, 1976) and use the esti-

mated parameters to construct the following variables, which are used as

explanatory variables in the demand equation in the second stage:

F(I )

r
(1-FCI ))

where A , A = expected value of errors in Probit equation,or
conditional upon owning and renting, respectively

f(*) = standard normal density function

F(*) = standard normal cumulative density function

I = g(z)

*
F(I ) = estimated owner-occupant probability

(1-F(I )) = estimated renter probability

The coefficient on A in the final homeowner demand equation equals
o

(p*a), where p is the correlation between e and e, and a is the

standard error of e . Similarly, the coefficient on A in the final
o r

renter demand equation equals (p*a), where P is the correlation between

e and e , and a is the standard error of e .

r ' r

Given the Probit estimates and the linearity of the conditional

expectations of e and e given e, the expected errors in the Probit

equation are proportional to the expected errors in the owner and renter

demand equations taken separately.
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The second stage is to estimate the demand equations by ordinary

least squares (OLS), including the constructed variables A and A to

take into account the possible correlation between the errors in the

demand and tenure choice equations. If the A's are statistically

significant, the demand and tenure choice decisions are simultaneous.

Specification of the Model and Construction of Housing Variables

Having discussed the econometric theory behind the model's

estimation in the first section of Chapter IV, I will now explain the

stratification of the data by Standard Metropolitan Statistical Area

(SMSA), race, and tenure. Also I describe in this section the

explanatory variables and show how some of them were constructed and

incorporated in the tenure choice and housing services demand equations.

The first step in my statistical analysis is to stratify the 1981

Annual Housing Survey SMSA data into four sub-groups by tenure choice

and by race of household head. I use Lee and Trost's model in (4-1) on

blacks and whites separately as follows (where the subscripts o, r, w,

and b refer to owner, renter, white, and black):

WHITE BLACK

e = h(X ) + e e ,
= h(X , ) + e .

o,w o,w o,w o,b o,b o,b

e = h(X ) + e e ,
= h(X , ) + e ,

r,w r,w r,w r,b r,b r,b

I = g(z) + e I = g(z) + £

where e = e if I>0 where e - e , if I>0
o,w o, D

e = e otherwise e = e , otherwise
r,w r,b

The model specification and explanatory variables I use are the

following:
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WHITE BLACK

e = h(p /p ,y /p ,d) + e e , = h(p , /p ,y , /p ,d) + e ,

o,w ro,w ^x'-'ojW rx o,w o,b ro,b rx"o,b rx' o,b

e = h(p /p ,y /p ,d) + e e . = h(p ,/p ,y , /p ,d) + e ,

r,w Fr,w Kxw r,w *x' r,w r,b *r,b ^x' J r,b ^x' r,b

I = g(y /p ,p /p ,d) + e I = g(y, /p ,p ,/p , ,d) + e,b
•'w

rx ro,w rr,w w b *x ro,b rr,b b

where

e = expenditures on housing services

p = price index of housing services

p = price index of all goods, excluding shelter

y = permanent income of household head

d = a vector of demographic variables

As can be seen, the above analysis requires price indices of

housing services for black and white homeowners and renters, namely

p , p , , p , and p , . As was noted in the introduction, there
o,w ro,b *r,w rr,b

are major problems encountered when using either time-series or

cross-sectional Bureau of Labor Statistics price indices. These indices

also do not attempt to capture any price differentials between blacks

and whites. Fortunately, with the rich data set used in this study, it

is possible to construct racial/tenure housing price indices in the

fifteen cities in my sample and permit estimation of racial housing

demand price elasticities.

By stratifying the data set by tenure choice and by race for each

of the fifteen SMSAs in the survey, it is possible to construct a

housing service price index number for each tenure/racial classification

in each SMSA, i.e., sixty price indices in all. This is accomplished

using hedonic pricing techniques, first developed by Rosen (1974) and
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applied to housing demand studies by numerous authors including Linneman

(1980) and Goodman and Kawai (1984), as follows:

}
± J-

j(S
±

, N
±

, L.)

where

V = property value of owner-occupied house

R = annual contract rent

S = a vector of structural characteristics of the housing unit

N = a vector of neighborhood characteristics of the housing unit

L = a vector of locational characteristics of the housing unit

In the separate regressions of (i) V on S, N, and L in the

homeowner market, and (ii) R on S, N, and L in the rental market, each

regression coefficient denotes the implicit dollar value (or marginal

trait price) associated with each structural, neighborhood, or

locational characteristic embodied in the housing unit.

Before discussing the theory behind and actual construction of the

hedonic housing price indices, let us discuss the functional form of the

hedonic regression equation.

Some of the previous literature utilizing hedonic price theory has

rationalized using a particular functional form for the equation,

usually either the linear or semi-logarithmic forms. This study,

however, will select the functional form using a Box-Cox transformation

(Box and Cox, 1964) of the dependent variable as follows:

V
(X)

-1 - S + B^ + B
2
X
2
+ ... + e

t (4_2)
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where

V
(X)

-1 W if X-l (linear)

InV if X=0 (semi-logarithmic)

The above assumes that there exists a value of X such that in

(4-2) e is i.i.d. and N(0,o 2 ). The log of the likelihood function of

(4-2) can be written in vector form as follows:

N . o-^'^ + (H)IM (4-3)L = constant - -^ lno z

2
a 2 i=l

where N = sample size.

The concentrated likelihood function of (4-2), excluding the

constant, is as follows:

w -
N

L(X) - - j In o 2 (X) + (X-l) E InV (4-4)
1

i=l

The computational burden is simplified by substituting in values

for X of and 1 into (4-2), separately, then using ordinary least

squares to find a 2 (estimated value of the sample variance) for both

values of X. The final step is to select the value of X for which the

concentrated likelihood function (4-4) is maximized. The above

procedure is employed to avoid, a priori, assuming either the linear or

the semi-logarithmic functional form, but instead to empirically

determine the best functional form for each of the sixty hedonic

equations.

The next step in the analysis is to use the hedonic coefficients to

construct a cross-sectional Laspeyres-type (fixed weight, as opposed to

a fixed price Paasche index) housing price index for each of the four

race/tenure sub-groups in each of the fifteen SMSAs. The housing price
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index (P.,) for the race group j in city k when the functional form of

the hedonic equation is linear is as follows:

P., = --&- x 100
J W.VP

where city k = 1 , . . . , 15

characteristic i = 1,...,15

race j = 1 ,

2

15

P., = l b. . , x.
J i=l

i »J»k 1

15 15 2

P = £ E I b. . , X.

k-1 i-1 j-1
1,J,K ^

X. = means of housing variables (characteristics) across entire

sample.

W., = weight of the racial/tenure group j in city k relative to

the entire owner or renter samples (N)

.

b. = hedonic equation regression coefficient for
i j 3 >k

characteristics i for race group j in city k.

iV'r.'V'"

The idea behind the index is to price the characteristics of a

particular racial group in a certain city relative to the price

paid for the same bundle of housing characteristics (note that X. is in

the numerator and denominator of the price index) in the entire owner or

renter samples. An analogous procedure is followed on the above index
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TABLE 1: LIST OF DEPENDENT AND INDEPENDENT VARIABLES USED IN THE

HEDONIC EQUATION REGRESSION ANALYSIS
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when the functional form of the hedonic equation is semi-logarithmic.

This part of the analysis will prodtl^ two sets of indices, one for

renters and one for homeowners . Each index has 30 values , corresponding

to the fifteen SMSAs and the two racial groups.

The fifteen variables that are used in this study are listed in the

following table. As can be seen, eight are structural, four neighbor-

hood, and three locational characteristics. Though the Annual Housing

Survey provides many more housing characteristics, these fifteen out

perform the others in explanatory power. Unfortunately, the neighbor-

hood characteristics are all qualitative in nature. Also, square

footage of the housing unit was an unavailable structural characteristic

together with the locational variable distance of the housing unit to

the central business district.

The final step in the construction of the housing services price

indices for individual homeowners, namely p (white owners) and p ,

o,w o,b

(black owners), is to adjust the owner SMSA/race indices just calculated

to take into account the implicit subsidy given to homeowners under the

current income tax laws (see Chapter III), such that

P .
=

[ p(i-t) + |(i-t) + d + m - (g
r
+n

e
)] p

rOJ V V c

where

p .
= individual housing price index for jth homeowner,

P = homeowner housing services price index for the relevant
o

owner SMSA/race group computed from the hedonic regression

analysis.

Prior to this final step, every white homeowner in Anaheim, for

example, had exactly the same housing price index value. This final
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adjustment for homeowners introduces price differentials within each

group. That is, the price varies within Anaheim to reflect tax rate and

equity differences across households. The nominal capital gains rate,

g (=g +11 )j used in this expression uses data from the U.S. Department

of Housing and Urban Development (see Table 41) on the average property-

values in the selected SMSAs between 1980 and 1981. That rationale

behind calculating a historical capital gains rate is that it is the

best guess available for an estimate of the future capital gains rate.

The final step in the construction of the housing services price

indices for individual renters, namely p (white renters) and p ,

(black renters), examines whether the renter price indices calculated

should take into account discounts given to renters for length of

tenure. In a survey article of the rent discount literature, Marshall

and Guasch (1983) concluded that landlords offer sitting tenants

discounts which average approximately 1% for each year of renter

occupancy, after the first year, as follows:

p .
= P - (.01)*(n-l)*(P )

where

p .
= individual housing price index for jth renter,

n-1 = years of renter residency at present unit - 1,

P = renter housing services price index for relevant

SMSA/race group computed from the hedonic regression

analysis

.

The final demand equations are estimated with and without the adjustment

to the renter price indices that takes into account any discounts given

to renters for length of tenure.
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The price index for all goods and services, excluding shelter (p )

for each SMSA used in this study is constructed based on the relation-

ship between the non-housing and housing budgets for a 4-person family

in the United States obtained from the U.S. Department of Labor (1982).

The purpose of this annual budget survey is to determine for each of the

24 metropolitan areas in the survey the cost of purchasing a specific

market basket of goods that reflects the usual purchasing patterns of a

typical 4-person family. Each item priced in the budget is placed in

one of the following five categories:

1) food,

2) housing,

3) medical care,

4) transportation,

5) all other categories.

The price index of all goods and services (excluding shelter) used

in this thesis relies on the relationship between the non-housing and

housing budgets in the 24 metropolitan areas in the 1981 family budget

survey holding true for the 15 SMSAs in my 1981 Annual Housing Survey

dataset (see Appendix, Table 35). The regression of the non-housing

indices on the housing indices from the BLS budget survey quantifies how

much variation in the non-housing price index is explained by the

housing component

(Non-housing index) = a + b (Housing index)

An ordinary least squares regression of the above equation yielded the

following results:
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Non-housing Index = 43.9781 + 0.5602 (Housing Index) (4-5)

standard errors (9.0256) (0.0897)

t-statistics (4.8776) (6.2418)

2
R = 0.(

N = 24

R
2

= 0.6391

Variation in the housing price index explains two-thirds of the

variation in the non-housing price index in the 24 metropolitan areas

included in the family budget survey. Both the constant term and single

regressor are highly significant. My study uses the above relationship

to construct the overall price indices of all goods and services,

excluding shelter (p ) in each of the fifteen SMSAs in my sample.

The next stage in the construction of the price index of all

non-housing goods and services in, say, Anaheim is to weight each of the

four housing price indices in Anaheim calculated from the hedonic

equations by population, as follows:

_! (
whites 2 , blacky 3 , white v 4 , black ,

PH N
^ Po' owner N V owner

; N
^ Pr' renter N

^ Pr' renter^

where

p^ = housing price index for Anaheim
n

n. number of white owners in Anaheim

n„ = number of black owners in Anaheim

n~ = number of white renters in Anaheim

n, = number of black renters in Anaheim
4

N = n, + n„ + n + n.12 3 4
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The next step is to substitute in the p„ index for Anaheim on the

right-hand side of equation (4-5) in order to calculate the price index

of all goods and services (excluding shelter) in Anaheim. I repeat the

procedure for the remaining fourteen SMSAs in my sample.

The next variable which has to be constructed is permanent income,

y . Numerous methods have been proposed for estimating this unobser-

vable variable, including (1) grouping data, (2) income averaging over

an arbitrary number of years, and (3) instrumental variable methods.

There is no widely accepted technique in the literature of calculating

unobservable permanent income. As my data set is cross-sectional, it

was not possible to average income over an arbitrary number of years.

However, Mayo (1977) has shown that permanent income elasticities

obtained by income averaging and by instrumental variable techniques are

on the same order of magnitude. In Chapter III the problems encountered

in accurate coefficient estimation were discussed when current income is

used as a proxy for permanent income. This study will utilize Milton

Friedman's (1957) Permanent Income Hypothesis in the construction of a

measure of permanent income:

Y
c

= Y
p
+ Y

T
(identity)

where

Y = Current Income

Y = Permanent Income

Y = Transitory Income

The Permanent Income Hypothesis assumes that permanent income

depends on human and non-human wealth, H and NH, so that:

Y
p

= f(H,NH) (4-6)
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On substituting (4-6) into the identity we get

Y
c

= f(H,NH) + Y
T

(4-7)

On the assumption that permanent income is encompassed by the human

and non-human wealth components, the systematic part in the regression

of current income on the human and non-human wealth variables represents

an estimate of permanent income. The non-systematic part, the residual,

represents an estimate of transitory income. The following table lists

the variables chosen in the regression to estimate permanent income.

TABLE 2: LIST OF INDEPENDENT VARIABLES USED IN THE
PERMANENT INCOME REGRESSION EQUATION ANALYSIS

DEP VAR = LOG YC (TOTAL FAMILY INCOME)
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In the above specification, the AGE variable is a proxy for

experience and the EDUC variable picks up human capital and skills,

2 2
while the (AGE) and (EDUC) terms are experimented with to determine if

there are diminishing or increasing marginal returns associated with

2
increased age and education. The (AGE) variable picks up any falling

investment in human capital as age increases (see Mincer (1974)). The

AGE, MARHH, and CHIL variables all determine the position of the

household head in his life cycle and how this affects his income. The

MARHH variable picks up differences in human capital formation by

married as opposed to single heads of household. It is expected that a

married head of household will have accumulated more human capital than

a single head in order to support his spouse and children, hence a

positive sign on this variable. Unfortunately, the data set has no

detail available on the labor force participation rate within the

household, which is correlated with total family income. The RACE

variable picks up any differences in human capital formation between

blacks and whites with regard to earnings. Similarly, the SEXHH

variable picks up differences in human capital accumulation between

males and females with regard to earnings. Women generally have less

human capital accumulated than men because they work fewer years due to

child rearing responsibilities.

As can be noted in the previous table there are also SMSA specific

features in the permanent income regression. As this is one regression

on the entire sample, one can add such variables for each SMSA to cap-

ture any inter-city differentials in earnings. These variables capture

cost of living and amenity wage differentials between the SMSAs in the

study. The SMSA specific variables are estimated in this equation in

both linear and logarithmic form.
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Heckman and Polachek (1974) conclude that there is overwhelming

evidence that the best functional form relating current income and the

wealth variables is semi-logarithmic, with the dependent variable in

logarithmic form. However, there is no, a priori, evidence on the

functional form of the SMSA specific variables. Therefore, these

variables are tried in linear and logarithmic form using ordinary least

squares on the equation.

Having constructed the housing price indices and the permanent

income estimates as described above, I next use the price and income

variables, along with other variables, in the tenure choice and then

finally the housing demand equations.

The variables selected for the tenure choice decision equation

specification are shown in Table 3. The chosen variables give insight

into why a household head would own, rather than rent, a housing unit,

and vice versa. Two of these variables, namely AGEHH and MARHH,

indicate where the household head is and how he is faring on his life

cycle. The AGEHH variable picks up the household head's accumulated net

assets and savings, while the MARHH variable picks up income stability.

There is likely to be less risk of default on a mortgage when the

household head is married as there are two potential wage earners in the

household. The probability of owning is expected to be positively

correlated with both variables.
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TABLE 3: LIST OF INDEPENDENT VARIABLES USED IN THE TENURE CHOICE
REGRESSION EQUATION ANALYSIS

DEP VAR = I (INDEX FUNCTION)
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The tenure choice equation is estimated on the entire sample,

excluding housing price indices constructed from sample sizes less than

100, using the Probit procedure. The continuous variables in the

equation are experimented with in linear and logarithmic form. Housing

price indices constructed from samples less than 100 are excluded from

the tenure choice regression (and all the subsequent housing demand

regressions) in order to avoid any false inferences drawn from using

housing price indices constructed using small sample sizes. Consequent-

ly, a number of black owner and renter groups in certain SMSAs are

excluded from the remainder of this analysis.

The final step in my study is to bring in all the constructed

variables from the previous steps in the analysis and estimate the

housing services demand equations using the following variables:

TABLE 4: LIST OF INDEPENDENT VARIABLES USED IN THE

HOUSING SERVICES DEMAND REGRESSION EQUATION ANALYSIS

DEP VAR = e/P (DEFLATED EXPENDITURES ON HOUSING SERVICES)

Y /P
P x

P /
/Pro/r x

A

SEXHH

MARHH

AGE

Permanent income, deflated by the price index of all

goods and services

Price index of housing services, deflated by the

price index of all goods and services

Expected value of errors in the tenure choice

equation

1 if household head is female

1 if household head is presently married

Age of household head
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These are standard explanatory variables that should appear on the

right hand side of any housing demand equation; a price, income, and a

set of demographic variables. The one exception is the A variable,

which if statistically significant, shows that there is simultaneity

between the tenure choice decision (own or rent) and the housing demand

decision, i.e., how much housing services to consume. To tie things

together, A is obtained from the tenure choice equation, permanent

income (y ) from the permanent income hypothesis instrumental variable

equation, and the owner price indices (p ) and the renter price indices

(p ) from the hedonic price equations.

The housing services demand equations have housing expenditures as

the dependent variables , and use the same manipulations described in

Chapter I to derive the relevant housing demand elasticities. Using the

white owner housing services demand equation as an example

l0S (Vw }
=

B + h 1 °S ( P ,w
) + 3

2
1°S (

>'o,w
) + 3

3
1°S ( Px ) + 6

4
A
o,w

+

7

Z 3-D. + e (4-8)
• =5 J J,o,w o,w

Here, 3. and 3 9
are the price and permanent income elasticities of

housing services demand, respectively, for white homeowners in the

entire sample. Using the same equation transformations found in Chapter

I, one can derive the following estimable logarithmic housing demand

equation:

lo«CeoyV =
B + (1+6

l
)1°S ( Po,w/Px

) + h lo^o,JV + 3
4
A
o,w

+

7

Z 3 . D . + e (4-9)
•=5 J J>o,w o,w
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The estimation of equation (4-9) using ordinary least squares

yields the price and income elasticities of housing services demand for

white owners in the entire sample. By stratifying the entire sample

into three further groups, namely black, owners, white renters, and black

renters, and following the same procedure described above, the price and

income elasticities of housing services demand for these three race/tenure

groups can also be estimated. The main purpose of this dissertation is

to estimate these eight racial price and income housing services demand

elasticities. The demand equations are run with and without the vari-

ables measuring the expected value of the errors in the Probit equation

(A or A ) to examine how sensitive the price and income elasticities of
o r

housing services demand are to the exclusion of these variables.

A further piece of empirical work is to stratify each of the four

race/tenure groups into three educational attainment levels:

i) elementary education : no school, kindergarten, or did not

graduate from high school.

ii) high school education : graduated from high school.

iii) college education : attended college for any amount of time.

The purpose of this piece of analysis is to examine whether the price

elasticity of housing services demand varies by educational attainment of

the household head. An F-test is conducted on each of the four

race/tenure groups to see whether there are statistically significant

differences in the price elasticity of housing services demand across the

three levels of educational attainment. By holding the level of education

constant, there should be less variation in permanent income, which makes

it very hard to estimate an income elasticity. The idea behind this final

section is to compare, say, white homeowners in Dallas to white homeowners
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in Boston with college educations, and compare their price elasticity of

demand to that of white homeowners in the same two SMSAs with high school

levels of education.

The final piece of empirical work is to compare the price and income

elasticities of housing services demand obtained using the endogenously

constructed hedonic price indices from the Annual Housing Survey to those

obtained from the Bureau of Labor Statistics family budget survey.

Although other authors, namely Gillingham (1975) and Follain, Ozanne and

Alburger (1979), have looked at differences between hedonic housing price

indices and housing price indices from the family budget survey, nobody

has looked at the consequences of using the two types of indices in a

housing demand study and their consequences, if any, on estimates of price

and income housing demand elasticities.

The SMSAs covered in the 1981 Annual Housing Survey and the Bureau of

Labor Statistics family budget survey in any year are not identical.

However, using the 1978 family budget survey when the BLS last conducted

its survey in 39 cities (since 1978 it surveys 24 cities) resulted in

eight common SMSAs between the Annual Housing and the BLS family budget

surveys. These cities were Boston, Dallas, Detroit, Minneapolis, Orlando,

Pittsburgh, Washington D.C., and Wichita. Housing and non-housing price

indices were computed for these eight SMSAs from the BLS budget data (see

Table 42) and used in the final housing demand equations to compute

housing demand elasticities. These elasticities were compared to those

generated using endogenously constructed hedonic housing and non-housing

price indices from the 1981 Annual Housing Survey.
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The Mills ratio variable (A , ) was dropped from this set of
o/r

regressions because in its construction back in the Probit analysis, one

of the variables used in the Probit regression is a relative price of

owning versus renting variable (p ./p .)• As the BLS housing index does

not differentiate between owning and renting costs, it is an overall

shelter cost, it was decided that adding the Mills ratio variable would

cause serious methodological problems in the BLS set of regressions.

Hence, for consistency, it was dropped from both the BLS and AHS set of

demand equation regressions.



CHAPTER V

EMPIRICAL RESULTS AND DISCUSSION

This chapter analyzes the results from the intermediate steps on

the way to obtaining the price and income elasticities of housing

demand. The order of discussion of the regression results will be as

follows

:

1

.

hedonic equations used in the construction of the price

indices,

2. instrumental variable equation used to construct an estimate

of permanent income

,

3. tenure choice decision equation,

4. the housing demand equations from which the housing demand

elasticities are computed.

Tables 5 through 19 tabulate the results from the hedonic

regression analysis used to compute the Laspayre-type housing services

price indices. It is not practical to individually discuss every

regression coefficient in these tables as for each of the four

race/tenure groups examined in each of the fifteen SMSAs there are

fifteen regression coefficients (excluding the constant term) to

explain, a total of 900 regression coefficients. Therefore, the Pearson

P, test (see Rao (1952)) is employed to determine whether the individual

explanatory variables are generally significant. This test assumes that

each hedonic regression is independent from every other one within a

tenure category. Table 20 presents the results from this test, together
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with the mean effects of each explanatory variable in the sample. Using

this test, all the explanatory variables used in the hedonic equations

were significant overall, except POLICE for renters and TIMWORK for

homeowners.

The independent variables used in the hedonic regressions also

performed well in explaining the variation in the dependent variables,

as can be seen from the magnitudes of the coefficients of determination

2 2
(R ). The mean R was 0.48 in the twenty-nine owner regressions and

0.37 in the thirty renter regressions. The owner and renter equations

2
are not comparable by looking at R 's, as the dependent variables

differ, logarithmic house value for homeowners and linear annual

contract rent for renters. It should be noted that cross-sectional data

2
are used in this study, and that the R 's are not comparable to the

2
generally higher R 's obtained when using time-series data.

Another result from the hedonic equation regression analysis is the

best functional form chosen for the owner and renter equations from the

Box-Cox transformations. All the owner regressions resulted in an

optimal value of X of zero, implying a semi-logarithmic form for all the

2
owner regressions. All but one of the renter regressions resulted in

an optimal value of A of one, implying a linear form for these

equations

.

The above results are consistent with the notion that a renter pays

for specific housing accessories through explicit extra rental payments

to a landlord. The coefficients in a linear model measure the extra

dollar cost in the dependent variable (in this case annual contract

rent) associated with a one unit change in an explanatory variable. An

example is where a renter pays $x in rent when he moves to an apartment
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complex with a swimming pool, when he was paying $y when he used to live

in an apartment complex without a pool, the two apartment complexes

being virtually identical in all other attributes. The $(x-y) is the

amount of money the renter is willing to pay in order to have pool

facilities. Theoretically, introducing a dummy variable for pool

facilities into a linear hedonic equation for renters would produce a

coefficient on the pool variable of (x-y).

The semi-logarithmic form for the owner hedonic regressions

measures the percentage change in the dependent variable (in this case

value of the owner's house) associated with a one unit change in an

explanatory variable. Therefore, the semi-logarithmic form allows the

value added by an extra unit of an explanatory variable to vary with the

value of the owner's house. An additional bathroom adds z% to the value

of a house, avoiding the linear form inference that an additional

bathroom adds the same extra $k to a $10,000 house as a $300,000 house.

A plausible explanation for this is that there is more heterogeneity in

terms of quality and quantity in owner-occupied housing than in rental

housing. The mean effects of individual housing characteristics in

owner and rental housing markets are contained in Table 20.

One thing that becomes evident from this analysis is that certain

housing characteristics play differing roles across the SMSAs in the

sample. Numerous characteristics are significant in one SMSA with, say,

a positive sign, and are significant in another SMSA with the opposite

sign. It is clear from this study that some housing characteristics

have indeterminate signs and that the role of the housing characteristic

is determined partly by the SMSA in which it is located.
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The analysis now turns to focus in more detail on the magnitudes of

the variables in the hedonic equations and the expected effects of the

variables in terms of economic theory.

One expects the sign of AGEST to be negative, as housing stock

depreciates with age. As Table 20 shows, this was the case overall for

renters and homeowners. However, one can think of instances in certain

downtown neighborhoods (e.g., Baltimore and Jacksonville) where

tremendous incentives have been given by city councils to individuals

who renovate old houses in downtown neighborhoods. The success of this

type of program on a wide scale would lead to the AGEST variable having

a positive sign. Another scenario for the AGEST having a positive sign

is if there are some unaccounted for locational features positively

correlated with the age of the unit. Such features include, for

example, proximity to a lake or a nature trail. In this study, the

AGEST variable was significant and positive for white owners in

Washington D.C., as well as black renters in Minneapolis, Newark, and

Phoenix. For each year a housing unit ages, the value falls by f% for

an owner-occupied home and by $11 in annual contract rent for an

apartment

.

Both BEDR and AIRCN had positive signs, reflecting that the more

bedrooms and the presence of air conditioning units both add value or

rent to a housing unit. Each bedroom adds nearly 9% in value to a

homeowner's house and $238 in annual contract rent to a rental unit.

AIRCN was significant, not surprisingly, across all four race/tenure

groups in the following SMSAs with high mean annual temperatures, namely

Dallas, Fort Worth, Orlando, and Phoenix. The structural characteristic

that performed best in terms of overall significance was BATH. This
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characteristic had a positive sign for renters and owners, reflecting

that additional bathrooms add value or rent to a housing unit. The

presence of rats or mice in a housing unit did not add dollars in value

or rent to a housing unit as in no case was this variable significant

and positive! The presence of these rodents reduces home values by

approximately 6% while reducing annual rent for a renter by $155.

The presence of a telephone (TELEP) and working electrical wall

outlets in every room (WORKELEC) of a housing unit both entered the

hedonic regression equations, as expected, with positive signs.

The last structural characteristic, FLOORS (the number of floors in

the housing unit) entered the owner equation with a positive sign,

reflecting that the more floors in the house, the larger it probably is

and hence has a higher value. The sign of this variable in the renter

equations was also positive. However, it was not clear before the

regressions were run whether skyscraper rental apartments should command

higher rents than, say, two-story rental housing complexes. The overall

result from the regression analysis supports the former hypothesis.

On examining the four neighborhood variables employed in the

analysis, all four are specified as dummy variables with a value of one

for an adequate neighborhood characteristic and zero otherwise. The

RECR variable asks whether there are adequate outdoor recreational

facilities in the neighborhood. This variable had a positive effect on

housing values and rent, since land near recreational facilities is more

valued than other land. The presence of adequate outdoor recreational

facilities close to a housing unit adds just over 2% to the value of a

home and $145 in annual contract rent for a rental unit.
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The POLICE variable asks the household head whether he considers

there is adequate police protection in the neighborhood. At first glance,

one might expect this variable to have a positive sign, reflecting high

values and rent in locations with high standards of police protection.

However, a convincing argument could be made for this variable having a

negative sign if crime and burglaries occur more frequently in areas of

high income households, i.e., criminals are more likely to be operating in

areas where the rich are their targets, not the poor. The POLICE vari-

able came in negative overall for homeowners, bearing out the latter

hypothesis, while for renters it was one of only two variables not

generally significant at the 10% level.

The PBTRANS variable asks household heads whether their

neighborhoods have adequate public transportation, namely bus routes.

At first glance this variable might be expected to have a positive sign

for owners and renters. However, in owner regressions it was generally

significant but negative. A rationale for the negative sign in owner

hedonic regressions is that bus routes do not usually go through high-

income neighborhoods, but instead provide poorer districts of an SMSA

with the means of transportation to the downtown and shopping malls.

The final neighborhood variable included in the hedonic analysis is

SCHOOL, which asks the household head whether there are adequate public

schools in the neighborhood. One associates good neighborhoods with

high quality schools in the suburbs of an SMSA. For owners, this

variable was generally significant and positive, supporting the previous

notion. However, it was negative and generally significant for renters.

A rationale for the negative signs is that the question asked of the

household head related to adequate public schools, with no mention of
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private schools. This could be the premiere schooling choice of the

siblings of the household heads in the high-income neighborhoods.

The final set of variables included in the hedonic equations are

three locational variables, namely INOUTCC, DIST, and TIMWORK. The

variable that I really wanted is the distance of the housing unit from

the central business district. These three locational variables act as

proxies for this unavailable variable. INOUTCC has a value of one if

the housing unit is within the central or second central city of the

SMSA, zero if outside the central city. For owners and renters, it was

generally significant and negative. The location of the housing unit

within the boundary of the central city reduced, on average, the value

of the owner's home by nearly 12% while reducing annual rent payments by

$375 for renters. From the traditional monocentric model theory of

Mills and Muth, one expects the sign of this variable to be negative.

The assumptions underlying such traditional models include: (1) the

SMSA is located on a flat, featureless plain, and (2) all the production

and economic activity in the SMSA takes place in a single area in the

center, the central business district (CBD). The rationale for this

sign is that as income rises, individuals will trade off access to the

central business district (CBD) for more housing and land (space), which

is more available in the suburbs outside the central city. The

traditional theory incorporates the notion that the income elasticity of

demand for space (land) exceeds the income elasticity of the marginal

cost of commuting. A supporting argument relies on high-income families

having shallower sloped bid-rent curves than low-income families. As a

result, high income families buy large lots on relatively cheap land on

the outskirts of the SMSA. Also, central cities are generally more run
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down and decaying gradually due to flight to the suburbs, this would be

particularly true for some northern cities. A negative sign can also be

expected if there is an inappropriate housing stock in the central city

of an SMSA, an example is the older cities that were built for downtown

rail transit. The INOUTCC variable will also have a positive sign if

the structural and neighborhood characteristics in the hedonic equation

capture all the quality and quantity aspects of the housing unit. If

this is the case, the remaining locational variables should measure the

price of land on which the housing unit sits. As the price per parcel

of land decreases as you move away from the CBD, the INOUTCC variable

should have a positive sign by this line of thought. However, the

structural and neighborhood variables in the hedonic analysis might not

capture all the quantity and quality aspects of the housing unit. As a

result of unmeasured housing quantity and quality measures, the sign of

INOUTCC can be expected to be positive. INOUTCC was negative and

significant for all four race/tenure groups in Detroit, Minneapolis-St.

Paul, and Newark, appearing to support the view concerning decaying

central cities within certain northern cities. However, this variable

was significant and positive in three cases for both owners and renters,

in particular in Dallas. In Dallas, this positive and significant sign

was the case for black and white owners, along with white renters. An

argument for the positive sign is relying on the traditional monocentric

model theory no longer holding for newer cities, such as Dallas.

The expected signs on the coefficients of the two remaining

locational variables, DIST (miles to work) and TIMWORK (time to work),

follow an analogous line of reasoning to INOUTCC. If the structural
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and neighborhhod characteristics capture all the quantity and quality

aspects of the housing unit then the signs of these two variables will

be negative. However, if there are housing attributes not captured in

the hedonic equation, the signs on these variables will be positive. As

it turns out, these variables produce a mixed bag of overall positive

and negative significant coefficients in the hedonic regression

analysis

.
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TABLE 5: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR

ANAHEIM-SANTA ANA-GARDEN GROVE SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS
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TABLE 6: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
BOSTON SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 7: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
DALLAS SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 8: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
DETROIT SMS

A

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 9: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR

FORT WORTH SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 10: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
MADISON SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS
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TABLE 11 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
MINNEAPOLIS-ST. PAUL SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS
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TABLE 12: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
NEWARK SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 13: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
ORLANDO SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 14: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
PHOENIX SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 15: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
PITTSBURGH SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 16: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
SPOKANE SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS
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TABLE 17: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
TACOMA SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 18: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
WASHINGTON, D.C. SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 19: 1981 HEDONIC EQUATION REGRESSION COEFFICIENTS FOR
WICHITA SMSA

CONSTANT

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS

:
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TABLE 20: SIGNIFICANCE AND MEAN EFFECTS OF HEDONIC EQUATION REGRESSION
COEFFICIENTS USING THE PEARSON P TEST

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

HOMEOWNERS
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TABLE 21: MEANS OF HEDONIC HOUSING VARIABLES (X.'s)
1

USED IN THE CONSTRUCTION OF THE HEDONIC
HOUSING SERVICES PRICE INDICES

AGEST

BEDR

FLOORS

AIRCN

WORKELEC

RATS

TELEP

BATH

PBTRANS

SCHOOL

POLICE

RECR

INOUTCC

DIST

TIMWORK

21.7500

3.1047

1.4720

0.6733

0.9927

0.0865

0.9877

1.7816

0.5334

0.8005

0.8427

0.8007

0.5105

10.2642

21.0202
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The next step is to construct Laspeyres housing services price

indices for black and white homeowners and renters using the hedonic

equation regression coefficients and the methodology detailed in Chapter

IV. These hedonic indices are the right-hand side price variables used

in the tenure choice and final housing demand equations. Price indices

constructed from sample sizes less than 100 are ignored in this analysis

to avoid any false inferences drawn from small samples.

The Laspeyres housing services price indices for homeowners in the

sample are found in Table 22. For white homeowners, the highest price

index of 175.0 was found in Newark (with Anaheim a close second) and the

lowest price index of 40.3 was found in Fort Worth. For black

homeowners, the highest price index of 152.2 was found in Newark, while

the lowest price index of 40.2 was found in Fort Worth. The seven SMSAs

where the price index for whites is greater than 100 are Anaheim,

Boston, Detroit, Minneapolis, Newark, Pittsburgh, and Washington, D.C.,

while the two SMSAs where the price index for blacks is greater than 100

are Newark and Washington, D.C. The relatively more expensive SMSAs for

homeowners are located in the northern part of the United States.

Black owners pay more than white owners for the same bundle of

housing services in two out of seven SMSAs in the sample, namely Dallas

and Washington, D.C. In Dallas, black owners pay on average 77% higher

than their white counterparts for the same bundle of owner housing

services. However, white owners pay more than black owners for the same

bundle of housing services in five out of seven SMSAs in the sample,

namely Detroit, Fort Worth, Newark, Orlando, and Pittsburgh. The

largest mark-up, in percentage terms, is for white owners in Pittsburgh

who, on average, pay 123% more for the same bundle of owner housing

services than their black counterparts.
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The Laspeyres housing services price indices for renters in the

sample are found in Table 23. For white renters, the highest price

index of 151.6 was found in Washington, D.C., 92% higher than the lowest

price index of 79.1 found in Spokane. For black renters, the highest

price index of 103.5 was found in Fort Worth, while the lowest price

index of 61.4 was found in Pittsburgh. The five SMSAs where the price

index for white renters is greater than 100 are Anaheim, Boston,

Minneapolis, Newark, and Washington, D.C., all in the northern section

of the country. The three SMSAs where the price index for black renters

is greater than 100 are Boston, Fort Worth, and Tacoma.

Black renters pay more than their white counterparts for the same

bundle of rental housing services in two out of the ten SMSAs in the

sample, namely Fort Worth and Tacoma. In Tacoma, black renters pay on

average 22% more than white renters for an equivalent bundle of housing

services. However, white renters pay more than black renters for the

same bundle of housing services in eight out of ten SMSAs in the sample,

namely Boston, Dallas, Detroit, Newark, Orlando, Pittsburgh, Washington,

D.C., and Wichita. The largest mark-up, in percentage terms, is for

white renters in Washington, D.C. who, on average, pay 63% more for the

same bundle of rental housing services than their black counterparts.

The next stage in the analysis is to compute the price index of all

goods and services (excluding shelter), p , for each of the fifteen

SMSAs in the sample using the metholodogy discussed in Chapter IV. This

variable enters the permanent income regression as a variable capturing

wage differentials between SMSAs. It also enters the final housing

demand equations as a deflator for the nominal housing expenditures,

price , and permanent income variables

.
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On examining the price indices of all goods and services, excluding

shelter (p ) for each SMSA (see Table 24), one finds the highest index

in Anaheim of 133.6 and the lowest index of 74.9 in Wichita. These two

indices reflect a 78% higher cost of living in Anaheim relative to

Wichita. All six SMSAs with a price index greater than 100 (excluding

Anaheim) are to be found in the northern section of the United States;

these SMSAs are Boston, Detroit, Minneapolis, Newark, Pittsburgh, and

Washington D.C. The three fast growing "sunbelt" SMSAs in the sample,

namely Dallas, Fort Worth, and Orlando, all had price indices less than

100. This is more than likely due to the fact that labor used in

housing construction is generally less expensive in the South.

The next step is to use an instrumental variable technique to

produce an estimate of permanent income which is used as an explanatory

variable in the final housing demand equations. The results from the

permanent income regression of current income on the human and non-human

wealth variables, as well as p , the SMSA specific price index of all

goods and services (excluding shelter), and an SMSA specific climatic

variable, are shown in Table 25. Whereas diminishing marginal returns

are associated with age, denoted by the negative and statistically

2
significant coefficient on (AGE) , increasing marginal returns are

associated with education, denoted by the positive and statistically

2
significant coefficient on (EDUC) . The experience (AGE) variable in

the linear form is highly significant and positive in determining the

permanent income of a family. Marriage and the number of children also

have strong positive effects. The high coefficient of 0.41 on the MARHH

variable suggests the possibility of two-wage earners in a number of the

households surveyed. Unfortunately, the data set has no information on

the number of paid workers in a family. It is quite probable that the

MARHH variable acts as a proxy for labor force participation.
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TABLE 22: 1981 HEDONIC HOUSING SERVICES PRICE INDICES FOR
BLACK AND WHITE HOMEOWNERS IN EACH OF THE 15 SMSAS

ANAHEIM

BOSTON

DALLAS

DETROIT

FORT WORTH

MADISON

MINNEAPOLIS

NEWARK

ORLANDO

PHOENIX

PITTSBURGH

SPOKANE

TACOMA

WASHINGTON D.C.

WICHITA

*
p
o
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TABLE 23: 1981 HEDONIC HOUSING SERVICES PRICE INDICES FOR
BLACK AND WHITE RENTERS IN EACH OF THE 15 SMSAS

ANAHEIM

BOSTON

DALLAS

DETROIT

FORT WORTH

MADISON

MINNEAPOLIS

NEWARK

ORLANDO

PHOENIX

PITTSBURGH

SPOKANE

TACOMA

WASHINGTON D.C.

WICHITA

*
p
r
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TABLE 24: 1981 PRICE INDEX FOR ALL GOODS AND SERVICES
IN EACH OF THE 15 SMSAS

ANAHEIM

BOSTON

DALLAS

DETROIT

FORT WORTH

MADISON

MINNEAPOLIS

NEWARK

ORLANDO

PHOENIX

PITTSBURGH

SPOKANE

TACOMA

WASHINGTON D.C

WICHITA

133.6

114.8

84.4

102.9

75.5

87.4

124.0

122.7

80.6

80.3

119.4

84.5

94.8

109.5

74.9
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The statistically significant and negative coefficients on the

SEXHH and RACE variables could be interpreted as showing that females

and blacks may suffer from discrimination in the labor market. However,

it is more likely that the SEXHH and RACE variables are merely acting as

proxies for other excluded variables. The results from using the two

SMSA specific features were very encouraging. These two variables were

included to capture any premiums paid to individuals in terms of

increased wages for living and working in "high cost" cities and

different geographical location. The p variables, constructed in

Chapter III, came in positive and statistically significant showing that

in "high cost" cities workers are paid more than workers in "low cost"

cities. In preliminary work, three climate variables were experimented

with, namely COOL (number of cooling degree days per annum), HEAT

(number of heating degree days per annum) , and TEMP (mean annual

temperature). The final permanent income equation includes COOL, the

positive and statistically significant coefficient on this variable

shows that premiums are paid to workers for living and working in colder

regions of the United States, namely the North Central and Northeast.

The results from the tenure choice regression, which are used in

the construction of the A and A variables, are presented in Table 26.or
This is the final step prior to estiamtion of the housing demand

equations. All the included variables had the hypothesized signs and

were significant at 1% level. The expected probability of a household

head owning, rather than renting, increases if he is or has been

married, and decreases if he has moved within the past twelve months to

his current residence. The relative price term, LOG(p ./p .), appears

to be the dominant explanatory variable in the tenure choice decision.
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TABLE 25: 1981 PERMANENT INCOME EQUATION REGRESSION
COEFFICIENTS FOR GROUPED SAMPLE

CONSTANT

EDUC

(EDUC)
2

AGE

(AGE)
2

(EDUC* AGE)

SEXHH

MARHH

CHIL

RACE

COOL

DEP VAR = LOGYC

7.2035***

(0.2971)
0.0298
(0.0280)
0.0013*
(0.0008)
0.0583***

(0.0058)
-0.0006***

(0.0001)
0.0001
(0.0001)
-0.3050***

(0.0352)
0.4116***

(0.0360)
0.0410***

(0.0097)
-0.3267***

(0.0394)
0.00003**

(0.00001)
0.0029***

(0.0007)

(where standard errors are in parentheses)

*** indicates significant at 1% level
** indicates significant at 5% level
* indicates significant at 10% level

1
approximately a 10% sample of the entire
grouped population of 73,173
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TABLE 26: 1981 PROBIT EQUATION REGRESSION COEFFICIENTS
1

CONSTANT
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tenure choice decision. As anticipated, as the relative price of owning

relative to renting increases, the expected probability of an individual

owning falls

.

The conclusion of the empirical work is to bring together the

variables constructed in the prior steps of this analysis into the

housing services demand regression equations. Tables 27 and 28 show the

results from the housing services demand regressions using the four

race/tenure groups, with and without the A term. Tables 29 through 32

show the results from a further breakdown into the three educational

attainment levels within those groups. Table 33 summarizes the final

price and income elasticities of housing services demand from Tables 27

through 32. It should be noted that in the rental housing services

demand equations the unadjusted price index of renters was used in all

the regressions. In preliminary work, the regression including the

price index adjusted for rent discounts produced numerous instances of

statistically insignificant price elasticities.

Tables 22 and 23, the most important tables in the entire study,

show the results from the regressions of housing services expenditures

on permanent income, price, and a set of demographic variables for both

black and white homeowners and renters. Looking first at owners, for

black and white owners the income elasticities of housing services

demand are an elastic 1.42 and 1.30 , respectively, signifying that a 10%

increase in income would lead to approximately a 13%— 14% increase in

housing services consumption by both black and white owners. Turning to

the price elasticity, black owners are slightly more responsive to price

changes than their white counterparts. The price elasticities of

housing services demand are -1.04 and -1.01 for white and black owners
,

respectively, both elastic.
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On the rental side, black renters are more responsive than white

renters to income changes with regard to their future housing

consumption. The income elasticities for the black and white rental

groups as a whole are 0.53 and 0.36 , respectively, both inelastic. As

in the owner market, black renters are more responsive to changes in the

price of housing services than white renters. The price elasticity of

housing services demand are -0.62 and -0.12 for black and white renters
,

respectively, both inelastic. On further examination of Tables 27 and

28, one sees that the demographic variables are virtually all

significant at the 1% level. Also from Tables 27 and 28 there is strong

evidence of simultaneity between the rent and housing consumption

decisions, but inclusive evidence of any simultaneity between the own

and housing consumption decisions as witnessed by the significance of

the A variable . A major focus of this study emphasized the estimation

of the relevant housing services demand elasticities taking into account

any simultaneity between the tenure choice and housing services demand

decisions. Although the A variable looks at the simultaneity between

the tenure choice and housing consumption decisions, it could well be

just capturing unobservable variables in the two decision processes.

The generally positive signs on the A and A variables indicate that

the expected errors in the Probit equation are positively correlated

with the epxected errors in the owner and renter demand equations taken

separately.

The exclusion of the A variable in the homeowner market had a

minimal effect on the income elasticities of housing services demand for

blacks and whites. Omitting this variable changed the price elastici-

ties of housing services demand by less than two percent for black and
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white homeowners. However, the exclusion of the A variable in the

rental market had more of an effect on the relevant housing services

demand elasticities. By excluding the A variable, the income elasticity

of housing demand rose by nearly three percent for white renters and by

nearly five percent for black renters. Omitting this variable increased

the price elasticity of housing demand by 36% for white renters and by

nearly five percent for black renters.

The three demographic variables, AGEHH, SEXHH, and MARHH, were in

the most part significant with the hypothesized signs. The age of the

household head was positively correlated with housing expenditures in

the owner market, but negatively correlated with housing expenditures in

the rental market. In the homeowner market, as people age they

generally have larger asset accumulation, move into larger homes and

thus incur larger housing expenses than younger families in smaller

homes. In the rental market, as people age their rental expenditures

decrease. The coefficient on SEXHH shows that the owner and rental

housing service expenditures of female headed households is higher than

that of male headed households. The MARHH variable was generally

statistically insignificant in the rental market, but statistically

significant and negative in the homeowner market.

Turning now to Tables 29 through 32, the four race/tenure groups

are each broken down into three levels of educational attainment, namely

(1) no schooling through eleventh grade (did not graduate from

high school),

(2) graduated high school, and

(3) attended college.

Table 28 again summarizes the price elasticity estimates of housing

services demand from these tables.
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The motivation behind this section is to see how the price

elasticity of housing services demand varies, if at all, with

educational attainment. The income elasticity of housing demand is not

reported here because educational attainment, which is highly correlated

with income, is held constant in this set of regressions, and hence the

income elasticity derived is not meaningful.

The price elasticities of housing services demand for white owners

who did not graduate from high school, graduated from high school, and

attended college are -0.981, -0.986, and -0.994, respectively. Although

the price elasticity increases with the level of educational attainment,

no significant difference was found to exist between these three

elasticities. The price elasticities of housing services demand for

black owners who did not graduate from high school, graduated from high

school, and attended college are -1.020, -1.012, and -1.004. No

significant difference was found to exist between these three price

elasticities of housing services demand which diminished with the

increased education of the household head.

For white renters who did not graduate from high school and

attended college there were obtained statistically significant price

elasticities of -0.390 and -0.056. The remaining price elasticity for

white renters that graduated from high school was statistically

insignificant. However, the results obtained for black renters show

that the housing price responsiveness decreased with the household

head's level of schooling. However, there was no statistically

significant differences found between these three elasticities. The

price elasticities for black renters who did not graduate from high

school, graduated from high school, and attended college are -0.737,
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-0.650, and -0.489, respectively. The set of demographic variables used

in the black and white owner and renter demand equations were generally

statistically significant with the hypothesized signs. The A variable

was statistically significant in four out of the six owner demand

equations and also in four out of the six renter demand equations

broken down by educational attainment. It appears that there is

fairly strong evidence of simultaneity between the decisions to rent and

of how much housing services to consume, and the decisions to own and of

how much housing services to consume - as was the case from the results

on the four race/tenure groups not broken down by level of educational

attainment.
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TABLE 27: 1981 HOUSING SERVICES DEMAND EQUATION REGRESSION
COEFFICIENTS FOR HOMEOWNERS

CONSTANT

AGEHH

SEXHH

MARHH

LOG(Y /p )
p x

LOG(p/p )

DEPENDENT VARIABLE = LOG(HOUSING SERVICE
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TABLE 28: 1981 HOUSING SERVICES DEMAND EQUATION REGRESSION
COEFFICIENTS FOR RENTERS

CONSTANT

AGEHH

SEXHH

MARHH

LOG(Y /p )

P x

LOG(p/p )

DEPENDENT VARIABLE = LOG (HOUSING SERVICE
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TABLE 29: 1981 HOUSING SERVICES DEMAND EQUATION REGRESSION
COEFFICIENTS FOR WHITE HOMEOWNERS BY EDUCATION CLASSIFICATION

CONSTANT

LOG(Y /p )

P x

LOG(p/p )

AGEHH

SEXHH

MARHH

DEPENDENT VARIABLE = LOG(HOUSING SERVICE EXPENDITURES)
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TABLE 30: 1981 HOUSING SERVICES DEMAND EQUATION REGRESSION
COEFFICIENTS FOR BLACK HOMEOWNERS BY EDUCATION CLASSIFICATION

CONSTANT

LOG(Y /p )

P x

LOG(p/p )
x

AGEHH

SEXHH

MARHH

DEPENDENT VARIABLE = LOG(HOUSING SERVICE EXPENDITURES)
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TABLE 31: 1981 HOUSING SERVICES DEMAND EQUATION REGRESSION
COEFFICIENTS FOR WHITE RENTERS BY EDUCATION CLASSIFICATION

CONSTANT

LOG(Y /p )

P x

LOG(p/p
x

)

AGEHH

SEXHH

MARHH

DEPENDENT VARIABLE = LOG(HOUSING SERVICE EXPENDITURES)
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TABLE 32: 1981 HOUSING SERVICES DEMAND EQUATION REGRESSION
COEFFICIENTS FOR BLACK RENTERS BY EDUCATION CLASSIFICATION

CONSTANT

LOG(Y /p )

P x

LOG(p/p )

AGEHH

SEXHH

MARHH

DEPENDENT VARIABLE = LOG(HOUSING SERVICE EXPENDITURES)
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TABLE 33: FINAL PRICE AND INCOME ELASTICITIES OF HOUSING SERVICES
DEMAND FOR BLACK AND WHITE HOMEOWNERS AND RENTERS

ALL

LITTLE H.S.

GRAD H.S.

COLLEGE

ALL

LITTLE H.S,

GRAD H.S.

COLLEGE

HOMEOWNERS
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The final piece of empirical work in this dissertation examines how

sensitive, if at all, the price and income elasticities of housing

services demand are to using (1) endogenously constructed and then (2)

Bureau of Labor Statistics family budget data price indices. This

dissertation constructed the three following set of price indices, p

(housing price index for owners), p (housing price index for renters),

and p (price index for all goods, excluding shelter) from the Annual

Housing Survey. The equivalent set of indices are computed from the BLS

family budget data. It should be noted that the BLS price indexes have

shelter costs as a component which does not break down into owner and

renter costs within a city. The results of this exercise are presented

in Tables 34 through 36.

In the owner regressions, using the BLS price indices resulted in a

decrease in the price elasticity of housing services demand for white

owners by 2%, while increasing the same elasticity for black owners by

2%. The income elasticity of housing services demand using BLS price

indices increased by nearly 4% for white owners and increased by nearly

5% for black owners. In the homeowner regressions, all the demographic

variables were statistically significant and had the hypothesized signs.

Although using the two sets of price indices did not produce

startlingly different elasticity estimates in the homeowner market, the

results were more divergent in the rental market. The black price

elasticity of housing services demand using the BLS price index was

statistically insignificant at the 10% level. The same elasticity using

the price index endogenously constructed from the Annual Housing Survey

was -0.45. The price elasticity of housing services demand for white

renters when using the BLS price indices relative to the AHS price
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indices was decreased by nearly 30%. The income elasticity of housing

services demand when using the BLS price indices relative to the AHS

price indices was reduced by 54% and by 5% for white and black renters,

2,
respectively. In the renter demand equations the R s were higher in

the AHS than in the BLS regressions. The demographic variables were

generally statistically significant with the hypothesized signs.
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TABLE 34: COMPARISON OF HOMEOWNER HOUSING SERVICES DEMAND EQUATIONS
USING (1) AHS ENDOGENOUSLY CONSTRUCTED AND (2) BLS PRICE INDICES

CONSTANT

LOG(Y /p )

P x

LOG(p/p )

AGEHH

SEXHH

MARHH

WHITE
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TABLE 35: COMPARISON OF RENTER HOUSING SERVICES DEMAND EQUATIONS

USING (1) AHS ENDOGENOUSLY CONSTRUCTED AND (2) BLS PRICE INDICES

CONSTANT

LOGCY /p )

P x

LOG(p/p )

AGEHH

SEXHH

MARHH

R
2

N

WHITE
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TABLE 36: COMPARISON OF FINAL PRICE AND INCOME ELASTICITIES OF HOUSING
SERVICES DEMAND FOR BLACK AND WHITE HOMEOWNERS AND RENTERS USING (1) AHS

ENDOGENOUSLY CONSTRUCTED AND (2) BLS PRICE INDICES

HOMEOWNERS
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Notes

Here it should be noted that four race/tenure groups in each of the

fifteen SMSAs, each with fifteen variables would produce 900 re-
gression coefficients. However, fifteen coefficients were not

estimated for black owners in Madison due to a sample size of only
8 making estimation impossible. Also, the variable INOUTCC had to

be omitted from all the regression equations involving the Orlando,

Madison, Spokane, Tacoma, and Wichita SMSAs as the location of the

housing unit in relation to the central city was not available for

these SMSAs. Finally, a few variables, particularly WORKELEC, had

to be dropped from certain equations due to no variability from too

small a sample size.

The only renter equation to produce an optimal value of A of zero

was for black renters in Spokane. The sample size of only 21 for

this group could well be the reason for this anomalous result.



CHAPTER VI

CONCLUSIONS

This dissertation's primary goal is the estimation of black, and

white homeowner and renter price and income elasticities of housing

services demand. The analysis incorporates both a superior housing

database, namely the Annual Housing Survey, and econometric modelling

technique, namely the Lee-Trost procedure.

This study does not use the price indices derived from the Family

Budget Survey published annually by the Bureau of Labor Statistics,

which looks only at a typical family in a housing unit embodying

arbitrary characteristics. Instead, endogenously constructed racial

housing services price indices are estimated using hedonic pricing

techniques for each of the four race/tenure classifications in each of

the fifteen SMSAs in the sample from the 1981 SMSA Annual Housing

Survey. These constructed indices differentiate between owners and

renters, black and white. The Bureau of Labor Statistics indices do not

differentiate between either tenure or racial category.

The structural, neighborhood, and locational characteristics all

performed well in the hedonic equations as shown from the results of the

Pearson P, test. This test determines whether a housing characteristic

is overall significant across all the equations. Virtually all the

housing characteristics were overall significant by this test. The

Laspeyres housing services price indices constructed using hedonic

pricing techniques showed that white homeowners and renters generally

paid more for the identical bundle of housing characteristics than black

95
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homeowners and renters. This finding is contrary to the results from

the majority of prior studies on the existence of racial price

differentials between structurally identical housing units. The price

indices of all goods and services, excluding shelter, and the price

indices of shelter greater than 100 were predominantly found in the

northern section of the United States.

The permanent income instrumental variable regression highlighted

that not only human and non-human wealth variables are important

determinants of total family income, but also the geographical location

of the particular SMSA where the household head lives. The tenure

choice equation captures the variables most crucial to an individual in

the decision whether to own or rent a housing unit. The relative price

of owning versus renting variable was the most important explanatory

variable in this regression and had the expected and statistically

significant coefficient.

The final set of demand equations estimated produced statistically

significant and the correct expected signs on the price and income

elasticities of housing services demand. On examining homeowners, the

price elasticities of housing services demand were computed to be -1.01

and -1.04 for white and black homeowners, respectively. The income

elasticities of housing services demand were found to be 1.30 and 1.42

for white and black homeowners, respectively.

In the rental market, the price elasticities of housing services

demand were found to be -0.12 and -0.62 for white and black renters,

respectively. The income elasticities of housing services demand were

found to be 0.36 and 0.53 for white and black renters, respectively.

These elasticities fall in the ranges of prior housing demand studies
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discussed in Chapter 2, with the price and income elasticities of

housing services demand higher in homeowner than rental markets. The

price and income elasticities of housing services demand were higher for

blacks than whites in both the homeowner and rental markets, signifying

that blacks are slightly more responsive than whites to demand oriented

housing policies. Also, given the magnitude of the elasticities in the

owner relative to the rental market, demand oriented housing policies

get a bigger response from homeowners rather than renters.

An interesting result from the final demand equations concerned the

significance of the A variable, which examines whether there is

simultaneity between the tenure choice and housing demand decisions.

Strong evidence of simultaneity was found between the decision to rent

and how much housing services to consume and also between the decision

to own and how much housing services to consume. Dropping the A

variable out of the final demand equations for owners resulted in

miniscule changes in the price and income elasticities of housing

services demand. However, carrying out the same exercise on the rental

equations had much more of an effect on the before-mentioned housing

demand elasticities, up to a 36% difference in one instance.

The next step of the analysis entailed breaking down the four

race/tenure groups further by three levels of educational attainment to

examine whether the price elasticity of housing services demand changed

systematically with education. No pattern emerged concerning this price

elasticity for white renters. However, the price elasticity of housing

demand declined with the level of educational attainment for black

homeowners and renters, while increasing with level of educational
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attainment for white homeowners. However, in none of the three cases

were the patterns in the elasticities statistically significant.

The final piece of empirical work in this dissertation examined how

sensitive the price and income elasticities of housing services demand

are to using endogenously construced price indices and those from the

Bureau of Labor Statistics used in the majority of prior housing demand

studies. As pointed out in the beginning of the disseration, the BLS

price indices are for a very arbitaraily defined housing unit and family

composition. Also, they do not differentiate by tenure choice (own or

rent) or by race (black and white). An experiment was carried out

keeping all the other explanatory variables and dependent variables the

same, while switching the two sets of price indices. The results using

the AHS price indices were superior to those using the BLS price indices

2
on the grounds of higher R 's and the statistical significance of the

price and income variables in the housing demand equations. Differences

in the price and income elasticities ranged between two and fifty-four

percent by using the two sets of price indices.



APPENDIX
DATA SOURCES AND DETAILED VARIABLE DEFINITIONS

Data Sources

The majority of the data come from the 1981 SMSA Annual Housing

Survey conducted by the Bureau of the Census, U.S. Department of

Commerce. The 1981 survey sampled approximately 4,000 individual

housing units in fifteen Standard Metropolitan Statistical Areas

(SMSAs). The map below shows how the fifteen SMSAs are scattered quite

evenly throughout the four census regions of the United States.

North Central

Detroit, MI

Madison, WI

Minneapolis, MN

Wichita, KS

Northeast

Boston, MA

Newark, NJ

Pittsburgh, PA

South West

Dallas, TX Anaheim, CA

Fort Worth, TX Phoenix, AZ

Orlando, FL Spokane, WA

Washington, DC Tacoma, WA

The microdata collected focuses on the physical characteristics of

the housing unit, such as year structure built, number of rooms,

adequacy of the unit's utility equipment, as well as neighborhood

conditions such as adequacy of schools and police protection along with

location. Detailed data are also available on the occupants of the

housing unit with regard to their income, age, sex, race, and years of

schooling. The following table gives a breakdown of each SMSA surveyed

by tenure (own or rent)/race (white or black) classification. Although

the Annual Housing Survey tape had a total of 73,173 interviewed housing

units, my total of 51,180 reflects units omitted due to "no response"
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to one or more questions on the survey, as well as a number of Spanish

origin headed household units which were also omitted as this study is

only looking at black/white differentials with regard to housing.

The Annual Housing Survey data used in this analysis is even large

enough to allow hedonic regressions on all but one (black owners in

Madison, WI.) of the 60 SMSA race/tenure classifications. No other

existing microdata is large enough to permit such analysis. Also, no

other data set has been specifically designed to examine housing in the

United States in such detail. Another virtue of the data is that it

looks at movers and non-movers whereas many previous studies have

utilized data which only looks at non-movers.

Although the majority of the data used in this study comes from the

Annual Housing Survey, the following data used in the analysis are

derived from other sources:

(1) t = marginal tax rate of the Jth homeowner.

(2) COOL = average number of cooling degree days annually.

(3) housing and non-housing family budget data.

(4) a time-series of average property values in selected cities.

The above data (1) through (4) is presented in the following tables

with their source.
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TABLE 37: SAMPLE SIZE OF EACH TENURE/RACE CLASSIFICATION
BY SMSA

SMSA
ANAHEIM-SANTA
ANA-GARDEN
GROVE, CA.

BOSTON, MA.

DALLAS, TX.

DETROIT, MI.

FORT WORTH, TX

MADISON, WI.

MINNEAPOLIS

-

ST. PAUL, MN.

NEWARK, NJ.

ORLANDO, FL.

PHOENIX, AZ

PITTSBURGH, PA.

SPOKANE, WA.

TACOMA, WA.

WASHINGTON, DC

WICHITA, KS.

OWNER
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TABLE 38: INCOME TAX BRACKETS, 1981

INCOME RANGE($)
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TABLE 39: CITY SPECIFIC FEATURE USED IN THE PERMANENT
INCOME REGRESSION EQUATION

SMSA
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TABLE 40: NON-HOUSING AND HOUSING BUDGETS FROM THE 1981 BUREAU OF

LABOR STATISTICS URBAN FAMILY BUDGET SURVEY

Atlanta
Baltimore
Boston
Buffalo
Chicago
Cincinatti
Cleveland
Dallas
Denver
Detroit
Honolulu
Houston
Kansas City
Los Angeles
Milwaukee
Minneapolis
New York
Philadelphia
Pittsburgh
St. Louis
San Diego
San Francisco
Seattle
Washington, D.C

Non-Housing
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TABLE 41 CAPITAL GAINS RATES IN THE SMSAs IN THE
ANNUAL HOUSING SURVEY

ANAHEIM
BOSTON (NEW YORK)
DALLAS
DETROIT
FORT WORTH
MADISON (MILWAUKEE)
NEWARK
ORLANDO
PHOENIX
PITTSBURGH
SPOKANE
TACOMA
WASHINGTON, D.C.

WICHITA

1980 AVERAGE
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TABLE 42: NON-HOUSING AND HOUSING BUDGETS FROM THE 1978 BUREAU OF

LABOR STATISTICS URBAN FAMILY BUDGET SURVEY

Boston
Dallas
Detroit
Minneapolis
Orlando
Pittsburgh
Washington , D . C

.

Wichita

Non-Housing
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VARIABLE DEFINITIONS

q = quantity of housing services consumed if head is an owner

q = quantity of housing services consumed if head is a renter

e = annual expenditures on housing services if head is an

owner

r V plus expenditures on utilities (electricity, gas, coal,

and water), real estate taxes, maintenance, depreciation,

hazard insurance, and garbage collection.

*
where , r.

T
= r + pN re

r„ = nominal cost of capital
N

r = "real" cost of capital
r
*

p = expected inflation rate

In 1981, the nominal cost of capital = 15%, the inflation rate

= 10%, => r = 5%.
r

e = annual expenditures on housing services if head is a

renter

Expenditures on contract rent, utilities (electricity, gas,

coal, and water), hazard insurance, and garbage collection.

P = price index of housing services if head is an owner

P = price index of housing services if head is a renter

p = price index of all goods and services, excluding shelter

y = permanent income of homeowners
P,o

Estimate of permanent income from the instrumental variable

regression using the human and nonhuman wealth variables in

Chapter IV, plus the Net Imputed Rental Income of the home to

the homeowner (NI).

[NI = Gross Imputed Rental Income - Operating Expenses].
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where Gross Imputed Rental Income "rV+T+D+M

Operating Expenses =MI+T+D+M
=> NI = rV - MI

y = permanent income of renters
'p,r

Estimate of permanent income from the instrumental variable

regression using the human and nonhuman wealth variables in

Chapter IV.

y = current income of homeowner/renter
J c

T = annual real estate taxes paid by homeowners

MP = annual mortgage payment of homeowner

(Mortgage principal and interest)

MPR = annual mortgage principal payment of homeowner

(value of loan * length of loan)

where value of loan = .9x purchase price of house

length of loan = 30 years

MI = annual mortgage interest payment of homeowner (MP - MPR)

D = depreciation on house

Estimated at 2.25% of value of owner-occupied home (V).

M = maintenance on house

Estimated at 1.25% of value of owner-occupied home ( V)

.

t = marginal tax rate facing homeowner

g = nominal capital gams rate

g = real capital gains rate

II = expected inflation rate

X. = mean of housing characteristic i in entire sample
l

W = weight of race/tenure group j in city k relative to entire

owner, or renter, sample
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