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ABSTRACT

The central focus of th is study is to investigate household

demand for Lancastrian housing characteristics in a system-wide

approach in the Honolulu SMSA, and to investigate the effect of

demographic difference across households on the demand for rental

housing characteristics. Interview data from seventeen hundred and

forty households are used i.n an effort to examine the importance of

demographic variables in influencing housing consumption patterns.

Tota1 rental expenditure is allocated among seventeen housing

attributes by applying the hedonic technique. These housing

attributes are aggregated into three basic housing characteristics:

interior space, structure quality, and neighborhood condition. Three

different demand models are uti 1ized. One model, the linear expendi

ture system, first applied by Stone(l954), assumes additive

preferences and is cons idered in light of the 1imitations associated

with an additive framework. Another model, the translog demand

system, introduced by Christensen, Jorgenson, and Lau(1975), assumes

non-additive preferences and is considered in light of its flexibility

in capturing cross price effects. The other model, the almost ideal

demand system, introduced by Deaton and Muellbauer(l980), also assumes

non-additive preferences and is applied in light of its ease of

estimation in addition to non-additive structure. Homotheticity and

additivity of households preference underlying housing consumption

are rejected in the translog model. Homogeneity and symmetry in
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consump~ion of housing characteristics are also rejected. The almost

ideal demand system is preferable to the translog model in terms of

economic interpretation and computing cost. In general, the

non-additive system yields a better explanation of household consuming

behavior of housing services in the Honolulu rental housing market.

Five demographic variables reflecting household composition and

size are incorporated into the three demand systems. The inclusion of

household size, age, race, and sex of household head, and the level of

education of head reveals that such demographic variables play a

crucial role in shaping household preferences for housing services and

affect the recognized prices of housing characteristics.
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CHAPTER I

INTRODUCTION

1. 1 Background

Housing has been distinguished from most goods traded in the

economy in its principal features: its relatively high cost of supply,

its durability, its heterogeneity, and its local fixity. Durability

and supply cost indicate that the supply curve for housing services is

inelastic even over relatively extended periods. Durability,

heterogeneity and local fixity together suggest that the housing

market is a collection of closely related, but segmented, markets for

particular packages of underlying commodities differentiated by size,

physical arrangement, quality, and location. Given- the peculiar

nature of the hous ing market, research on the demand for res ident ia 1

housing has proceeded in the direction of a more detailed analysis of

the substitution of components within the bundle of housing services

in response to variations in household income and demographic

composition. '

Since housing is collectively consumed by household members and

households differ in size, age composition, educational level,and

other characteristics, the inclusion of demographic variables in the

analysis of consumption patterns of housing is desirable. Systematic

differences in the consumption behavior of households with different

demographic characteristics are expected. In most housing demand
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analyses, the effect of demographic variables has been typically

handled in an ad hoc way, such as simply adding them to demand

equations. It would be more reasonable and useful to model the

effects of household characteristics in a system of demand equations

in wh ich the information of systematic differences in the consumption

behavior of households can be provided.

1.2 Objectives of the Study

The purpose of this study is twofold: One is to investigate the

household's demand for Lancastrian housing characteristics in a system

wide approach. The other is to examine the impact of demograph ic

difference among households on the demand for housing characteristics

in the Honolulu Standard Metropolitan Statistical Area (SMSA) using

data from the Annual Housing Survey(AHS). In the study, 'housing' is

viewed as a bundle of heterogeneous characteristics rather than a

single valued commodity and, instead of assuming households in the

sample have identical tastes, only those with the same demographic

profiles are assumed to have the same demand functions. Demograph ic

variables affecting the demand for housing are household composition,

and the number, types, and ages of household members. In principle

any other characteristic can be included in the model to explain the

difference in consumption behavior across households.

The hypothesis of this study is that the demographic

characteristics of households are as important as prices and income in

2



the determination of the demand for housing characteristics. The

major questions to be pursued are :

(l) What is the nature of consumers I preferences for hous ing

commodities in Honolulu SMSA? Additivity of preferences across

housing characteristics and homotheticity of preferences are

investigated.

(2) What are the features of demand equations for hous ing

characteristics in Honolulu SMSA? Validity of hypotheses derived from

the theory of consumer behavior are empirically verified by imposing

restrictions and testing hypotheses. These include adding-up,

homogeneity, symmetry, and negativity of the Slutsky matrix.

Expenditure, price and substitution elasticities are appraised for

some aggregated housing characteristics within the specified systems

of demand equations. Prices for housing attributes are imputed by

employing the hedonic technique.

(3) What are the impacts of alternative demographic structure (size

and composition) on the composition of housing consumption? More

specifically, what are the effects of demographic variables on the

demand for the characteristics of housing services? Household size,

age compositon, race and sex of household head, and the level of

education are employed to explain the different actual quantity of

housing characteristics purchased in the market.

3



1.3 Outline of the Study

Chapter II will review the literature of demand analysis for

housing services. In Chapter III, a theoretical structure of demand

analysis for housing characteristics, with special emphasis on the

effect of demographic variables, and its empirical specification will

be described. The first two sections of Chapter IV will present the

description of the data and the estimating technique. Evaluation of

the empirical results will follow in the next three sections. The

final chapter includes the summary of findings and concluding

implications of the study.
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~HAPTER II

REVIEW OF THE LITERATURE

The literature on housing demand can be classified into two main

categories. One category treats housing as an aggregate bundle of

services that enters as a singie argument in the household preference

function. The other treats housing as a disaggregated bundle of

housing attributes or components that can be individually included in

households I preference functions with specific market prices • Along

with these two categories, the empirical studies of the effects of

demographic variables on the housing demand will be reviewed in the

first two sections. Several procedures incorporating demographic

characteristics will be reviewed in the last section.

2.1 Demographic variables in the Study of Aggregate Housing

Expenditure

Demographic variables are handled in a simple way in most

aggregate housing demand analysis. They are used as stratifYlng

variab les (Morgan (1965) ,de Leeuw (1968), Straszheim(1975)), or added to

demand equations in a simple functional form(Lee(1971), Maisel,

Burnham, and Austin(1971), Car1iner(1973), King and Mieszkowski(1973),

David and Legg(1975), King and Quigley (1976), Hanushek and

Quigley(1979)) • Although there is 1itt1e un iformity in the selection

of variables used in different analyses, the frequently included

5



TABLE 2-1

Demographic Varaib1es in Aggregate Housing Demand Analysis

Author (5)

Morgan, J. M.
(1965 )

Lee, Tong Hun
(1968)

de Leeuw, Frank
(1971)

Maisel, Burnham,
Austin

(1971)

Car1iner, G.
(1973)

King, T and P.
Mi eszkowsk i

(1973 )

Straszheim, M. R.
(1975)

Kain, J. F., &
J. M. Quigley

(1975)

David, J. M., &
W. Eo Legg

(1975)
Hanushek, E. A.
&J. M. QUigley

(1980 )

Demograph ic
Variables Employed
----------------------
Age, Sex, Education,
Race

Size of Family, Race,
Age, Education,
Years Married

Household Size, Race

Household Size

Race, Age, Sex

Race, Sex'

Race, Age, Marital
Status, Household Size

Family Size, Age, Sex,
Race, Marital Status,
Number of Children,
Education Level

Household Size, Age,
Education

Household Size,
Race, Age, Education

Data
Description

1959 Surveys of Con
sumer Finances

1960-1961-1962 Survey
of Consumer Finances,
523 Owner-Occupied &
164 Rental Houses.

1960 Census,
19 Metropolitan Area

2,900 New Home Pur
chases in 29 SMSAls
by FHA in 1966.

"A Panel Study of
Income Dynamics II

220 Rental Units in
New Haven, Conn.,
(1968-1969 )

Household Interview
in San Francisco

St. Louis Survey
(1967), 1,200 House
holds

Orlando Metropolitan
Area, Florida

Housing Allowance De
mand Experiment, 586
Households in Pheonix
and 799 in Pittsburgh

*Age, race, sex, and education refer to the head of household.
Race and sex are used as dummy variables in most cases.
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variables are household size, age structure of household, and sex,

race, and education of the head (Table 2-1).

A summary review of demograph ic effects on the demand for

housing as an aggregate bundle of services is as follows: (l) The

inclusion of household size affects the estimates of price elasticity

and income elasticity, but the direction of the size effect is not

consistent in the 1iterature. 1 (2) Fema 1e-headed households spend

relatively more for housing and black-headed households spend 1ess.2

(3) Housing expenditure of nonwhite households appear to be less

income elastic and more price elastic than that of white households.

The effect of race on housing expenditure across equivalent households

is a bit ambiguous because, in most of the studies reviewed, there is

no separation of the effects of demand and supply factors on racial

price difference.3 (4) The level of education, usually measured by

lThe income elasticity and the price elasticites estimated by
F. de Leeuw are 0.47 and -0.94 for one person family household,
respectively, and 0.72 an.d -0.68 for six or more persons household.
Maisel and others(l974) also found that the inclusion of household
size lowered the income elasticity and raised the absolute value of
price elasticity of demand for housing.

2G. Carliner, IIIncome Elasticity of Housing Demand,·· Review of
Economics and Statistics, Vol. 55, No. 4(November 1973), p, 530. HE
estimates -o-r lncome elasticity from regressions including dummy
varaib1es for heads who are black, female, under 35 and between 35 and
64, are higher than other estimates without those demo graph ic
variables. The result is a bit different from that of Lee(l968) in
which lower income elasticities were estimated with the inclusion of
socio-demographic variables such as age of head, size of family, years
married, occupation, education, race, sex of head, and community type
and region of the household residence.

3For detail, see John F. McDona1d(1979), 51-62.

7



the number of schooling years of the head, is positively associated

the level of housing expenditure. In general, the inclusion of

demographic variables in the demand analysis for housing services has

a significant impact on the level of housing expense and demand

elasticities. However, the effects have been rarely accounted for by

specifying the household preferences and" by incorporating demograph ic

differences into the demand analysis for housing services. Mayo(198l)

suggested parameterization of plausible utility functions using

demographic variables in order to allow their effect to be derived in

demand functions.

Some ambiguous results of demographic effect may be related to

the weakness of using housing expenditure to measure the demand for

housing services. The differences in housing expenditure can reflect

either differences in quantity consumed or differences in prices.

When households buy or rent a residence, they simultaneously choose a

large number of specific and identifiable attributes. In principle,

there is a market price associated with each of these attributes.

Since any combination of attributes and quantities may be obtained for

the same total outlay, it is virtually impossible to interpret changes

in housing outlay without identifying the each attributes, i.e., their

quantities and their prices. It is necessary to obtain and analyze

the information on the prices and quantities of the attributes

included in each bundle of housing services.

8



2.2 Demographic Variables in Demand Analysis for Housing

Characteristics

A major theoretical and empirical difficulty in the demand

analysis for each characteristic of housing service is that housing

consumers never directly observe the prices of individual

characteristics, and thus, cannot purchase characteristics·

individually. Instead, characteristics must be purchased as part of

an entire bundle of residential services. The prices must be imputed

from the differences in the cost of "other things being equa1"

bundles. Kelvin J. Lancaster (1966) provided a theoretical basis for

the demand analysis of each characteristic. Sherwin Rosen(1974)

suggested empirical procedures to impute prices to each characteristic

from a hedonic price equation. Using these implicit prices, the

structural demand and supply equations for each housing characteristic

can be estimated.

The demand functions for the housing characteristics have been

estimated either separately for each component (David(1962), Straszheim

(1975), Kain and Quigley(1975), Linneman(1981), Witte, Sumka, and

Erekson(l979» or jointly for all characteristics (Kain and Quigley,

King (1977), McMi11an{1979».

The first attempt to ana1yze the demand for hous ing charac

teristics was made by M. H. David. In his analysis of 847 renters and

697 owner-occupant households from the 1955 Survey of Consumer

Finances, David obtained OLS estimates for two measures of housing

9



services: housing quantity measured by the number of rooms, and

housing quality measured by rent per room or house-value per room.

The number of rooms occupied appeared to increase significantly with

income and family size for renter households and owner households.

The rent per room increased with income but decreased with family

size for both groups. As family size increased, the demand for

quantity increased and the demand for quality decreased. The net

effect of an increase in family size turned out to be a decline in

expenditure on housing, which resulted from substituting housing

quantity with housing qua1ity.4

The demand functions for two attributes of housing--age and lot

size of housing--were estimated by Straszheim separately for sixteen

life-cycle groups. Straszheim classified the sample of 28,000 house

holds from the San Francisco Bay Area taken in 1965 by marital status,

age of head, and the number of children. Among married homeowners,

structural age rises with age of hea-d and older households of a given

family size occupy smaller and older units. Dwelling-unit size

increases significantly with the number of children, but the effect of

family size on lot-size appears only for households with head over

forty. Income elasticity for room is positively related to the age of

the head and to the number of children. There is no difference in the

4His analysis showed that the decline came from the consump
tion of more rooms and less quality in housing. As family size
increases, economies of scale also appeared to reduce the expenditures
of the large renting family below what might be expected on the single
basis of quality adjustment. See M. H. David(1962), pp. 53-81.

10



price coefficients of rooms across life-cycle groups. The income and

price elasticities for structure age are higher for the households

comprised of single and separated individuals without children than

for married households.

Among renter households, household size affects dwelling-unit

size; households with children rent large units. With respect to the

age of the structure, married households with head under forty occupy

significantly newer units than single and separated households. The

income elasticity for rooms does not vary across household groups and

the price elasticity for married households is insignificant for most

age and family size group. In the lot-size equation, only single and

pricenegativesignificantaseparate household exhibit

elasticity.5

Separate estimation of the demand for housing attributes across

groups classified by demographic variables are essentially simple, and

results among subgroups can be easily compared. The method implicitly

assumes that households have different preferences among different

subgroups. However, it is feasible only when a sufficient amount of

data exists for each of the separate groups. If an appropriate

procedure of normalizing the differences among subgroups could be

applied to the whole sample, it would be more enlightening to observe

the effect of demographic variables on the demand for housing

services.

5For detail, see Straszheim, An Econometric Ana lysis of Urban
Housing Market, pp, 103-115.
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Kain and Quigley estimated the demand functions for 21 housing

attributes; five dwelling-unit quality, four dwelling-unit size, seven

neighborhood, and five structure type attributes.6 The effect of

family-size on the consumption of dwelling-unit quality, dwelling size

and neighborhood qua 1ity appeared quite cons istent. In particul ar,

the family-size variable indicates a clear pattern of substitution of

dwelling-unit size for dwelling-unit quality.7 The increase of the

number of children accords to that of rooms with decreasing rate.

Additiona1 education increases household demand for the attributes of

dwelling-unit quality. For households with similar characteristics,

blacks consume a considerably sma ller amount of dwell ing-unit quality

and desirable neighborhood attributes. However, separate analyses by

race show qua litatively simi1ar effects of family compos ition upon the

demand for housing attributes.

A weakness of single equation estimates for separate housing

attributes is that OLS estimates assume independence of the demand for

each attribute. In the consumption of housing services, it is impro

bable that the demand for housing attributes are independent, because

households consume various housing attributes jointly. Kain and

6Their analysis are based on the sample of roughly twelve
hundred St. Louis households interviewed in 1967 as part of the St.
Louis Community Renewal Program.

711
••• larger households consume substantially more of the

attributes of physical size, particularly dwelling-unit size, and less
of the attributes of dwelling-unit and residential quality. II J. F.
Kain and J. M. Quigley, Housin~ Markets and Racial Discrimination: A
Microeconomic Analysis, pp. 254- 55. ---

12



Quigley grouped eighteen hous ing attributes into four bundle compo

nents, and estimated jointly the demand functions for four housing

characteristics: dwelling qua 1ity, interior space, neighborhood

qua1ity and exterior space. Increase in family size is associated

with greater consumption of interior space. The household with younger

children is associated with greater increase in interior space than

either the household with infants or only adults. Black households

consume substantially less dwelling quality, less neighborhood

quality, and less exterior space than white households with identical

size and composition.8

T. King assumes a housing bundle composed of four

characteristics: special structural features, interior and exterior

quality, interior space, and 1and, publ ic services and neighborhood

qua1ity. Based upon the study about hous ing demand in the New Haven·

area, he found that the number of persons in the family at the time a

house is purchased appears to be pos itively related with interior

space and negatively with housing quality and neighbor quality.9

A simultaneous equations model of bid and offer functions for

8For detail, see J. F. Kain and J. M. Quigley, ~ cit., pp.
256-282.

9" ••• larger families have a significant tendency to purchase
more SPACE, less QUAL and SITE..... The result is particularly
interesting since elsewhere in studying the demand for "housing" I
found no evidence whatever that family size influences the outlay.
The present study refines th is by showing that family size does
influence the composition of the bundle if not the total cost." A.
Thomas King, "The Demand for Hous ing: A Lancasterian Approach,"
Southern Economic Journal, Vol. 43, 1976, p. l084.p.1084.

13



housing characteristics, dwelling quality, dwelling size, and lot

size, was estimated by Witte, Sumka, and Erekson using the data from a

survey of over 500 rental dwellings from four nonmetropolitan cities

throughout North Carolina in 1972.10 Household size appears to

increase the bid price for dwelling size and to decrease the bid price

for lot-size and dwelling quality. The level of education is

proportionate to the bid price for dwelling quality.

Linneman(198l) specified child-related characteristics in the

household I s util ity and estimated the demand functions separately for

three housing characteristics, rooms, work access, and neighborhood

homogeneity. He included the presence of children, the expected child

in the next year, and age difference between the oldest and youngest

children in the demand equations as independent variables. His

findings indicate that the inclusion of child-related family

characteristics importantly increases the explanatory power of the

demand functions for location-specific traits of residential

h . 11
OUSlng. •

To sum up, several common findings appear in the literature.

(1) Household size has been most frequently found to be positively

lOThe functional form of their hedonic price equation was
basica lly quadratic in housing attributes and thus their structural
equations were linear. These functional forms turned out later having
some pitfalls as commented by J. N. Brown and H. S. Rosen(1982).

llHis empirical analysis notes that children are important in
determining residential preferences, with special attention to the
endogeneity of children with respect to the process of residential
choice.
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related with the consumption of interior space, and negatively with

housing quality, which is structure quality or neighborhood quality.

(2) Older people occupy older housing units, which probably reflects

reluctance to move to a new house. (3) The number of children is

closely related with the interior space of housing quantity.

(4) Black headed households consume less exterior space and housing

quality. (5) Finally, the level of education is positively ass~ciated

with the consumption of exterior space and structure quality. The

effect of education may be considered together with that of income

because the effects of income and education are related (Kain and

Quig1ey(l975)) •

The unit of housing consumption is, in general, a household or a

family. Accordingly, the effects of the household characteristics

have to be modeled in the demand analysis of housing services.

However, in the 1iterature, the effects are frequently modeled by

simply adding a list of household characteristics without much

systematic consideration of household's behavior with respect to

household composition.

Introduction of the notion of an equivalent unit of consumption

into the demand analysis for housing enables welfare comparisons

across households. Several procedures of incorporating household

characteristics into the systems of household expenditure equations

could be applied also in the demand analysis for housing

characteristics if housing can be considered as a weakly separable

branch of household consumption.
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2.3 Incorporation of Demograph~c Variables in the Systems of

Household Expenditure Equations

The basic philosophy of incorporating demographic factors into

demand analysis is that demographic variables playa crucial role in

shaping a household I s preferences and affect the recognized prices of

various good and services on which a household spends. There are two

different ways to examine demographic effects in systems of demand

equations. One is to introduce additional parameters, which depend

only on the demographic variables, into the system. This technique

has the advantage of allowing explicit measurement of demographic

effects across different groups of consumers. The other is to

estimate separate systems of demand equations for each of several

groups, where the demographic factors define membership in one of the

groups of different consuming units. Since this technique is only

feasible when sufficient degrees of freedom exist for each group and

since there can be many possible subgroups, the review primarily

focuses on the first category of incorporating demographic effects.12

The specific functional form of a complete system of demand"

equations is determined by the form of the given utility function and

budget constraint. When preferences change, the demand system also

l2Derrick and Wolken(1982) compared the two methods in an
attempt to determine which method more appropriately explains the
effects that demographic factors have on household consumption. They
showed that separate demand systems are more appropriately estimated
for each of the individual family types considered but the approach is
expensive in terms of the use of data.
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changes. An implicit assumption of estimating a demand system is that

the utility function and the budget constraint remain unchanged over

the sample space. Since the consumption of housing characteristics

are collectively shared by a household I s members and the preferences

for collectively consumed commodities could be reasonably assumed

specific to the composition of the household, demographic variables

should be modified in the demand analysis for hous ing

characteristics. Four procedures of incorporating demogr aphic

variables into the demand system are reviewed: demographic scaling,

demographic translating, Gorman specification, and reverse Gorman

specification. All four procedures yield a theoretically plausible

demand system that can be derived from specific "well-behaved" uti 1ity

functions. Modification of the utility function, and the subsquent

systems of demand equations are summarized in Table 2_2. 13

Demograph ic scaling, first proposed by Barten (1964), introduces

scaling factors, m1, m
2,

••• ,mn, which depend on the demographic

variables in any convenient functional form, into the original systems

of demand equations so that both preference and demand behavior can be

viewed in terms of demographically scaled prices or quantities.

Scaling factors can be interpreted as reflecting the number of

13It is shown by Robert Pollack and Terence Wales(1981 ) that
all the procedures can be applied to any theoretically plausible
demand system. They introduced one more procedure, which they named
umodified Prais-Houthakker procedure", but it is ignored here because
they proved that it yields a theoretically plausible demand system if
and only if the original demand system coresponds to an additive
direct utility function.
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TABLE 2-2

Modification of Demand Systems
by Incorporating Demographic Variables

Incorporating Modified
Procedure Modified Demand System Utility Function

Original Xi=fi(P,y), i=l, ••• ,n U(X)
System

Demograph ic xi=mifi(Plml, •• ·,Pnmn,y) U(X/M)

Scaling i=l, ••• ,n

n
Demograph ic Xi=di+fi(P,y-E Pkdk), U(X-D)

k=l
Translating i=l, ••• ,n

f
Gorman Xi=di+f i (PlmJ,•• ,Pnmn,y- E Pkdk) U( (X-D)/M)

k=l
Specification i=l, ••• ,n

Reverse Gorman xi=mi (di+f i ('PlmJ, ••• ,Pnrnn,
f

Specification y- E Pk~dk»' i=l, ••• ,n
k=l

U(X/y-o)

*The original demand systems, xi =fi(P, y), where XiS
denote quantities, piS prices, y total expenditureare theoreti
cally plausible, for they can be derived from uwell-behaved u

preferences. In the modified demand systems, dis are transition
parameters and mls scaling parameters.
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"equivalent adults" across the households. 14

Demographic translation was first employed by Pollak and Wales

(1978) as a general procedure for incorporating demographic variables

into classes of demand systems. It introduces IItranslation

parameters ll
, dl'd

2,
••• , dn, into the demand systems and

postulates that these parameters depend on demographic variables.

Translating can often be interpreted as allowing "necessary" or

"subsistence" parameters of a demand system(Pollak and Wales

(1980,1981» .15

First scaling and then translating represents Gorman

specification for equivalent scales , whereas first translating and

then scaling represents the reverse Gorman specification procedure

(Gorman (1976), Pollak and Wales(198l). If scaling factors and

translating factors are postulated by linear functions of demographic

variables, it is possible to test linear translating or linear scaling

against Gorman specifications.

While the above procedures of incorporating demographic

14The most common demographic variables used as scaling
deflators are family size(Ray(l980, 1982», the number of children in
the family, and their ages(Pollack and Wales(l978, 1980». Note that
any other demograph ic characteristics can be placed upon scaling
specification.

15Derrick and Wolken (1982) employed the number of chil dren and
the number of adults in the translating procedure, wh ile Pollak and
Wales (l978) used the number of children and their ages to specify the
translating parameters of the demand system. Howe(l977) also
estimated significantly different subsistence expenditure among
different age groups in a Bogota household expenditure analysis, which
gives another empirical justification of introducing translating
parameters into the demand system.
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variables are desirable in the analysis of household behovior, their

empirical implementation is often impractical in systems of demand

equations. These procedures introduce the demographic parameters into

each equation of the system in a compl icated nonl inear format. If we

have a system of n demand equations and we want to incorporate m

demograph ic variables, then we have to specify at least (n x m) new

parameters in each share equation, which could result in failure of

the system to converge. A compromise might be necessary between

theoretical incorporation of demographic variables and its emprical

application to the real problem.
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CHAPTER III

THEORETICAL STRUCTURE AND EMPIRICAL SPECIFICATION

3.1 A Theoretical Framework of Demand Analysis for Housing

Characteristics and Effects of Demographic Variables

Housing consumption is assumed to be a weakly separable branch

of household preference orderingl• This is both necessary and

sufficient for the second stage of two-stage maximization procedure.

Households are assumed to proceed in two steps under the assumption of

weak separability: First. they decide how much of their total budget

they will a11ocate to the housing consumption. Then. given th is

amount of housing bUdget. they decide the combination of various

housing characteristics to acquire with it. Under this proposition.

we are assuming that the marginal rate of substitution between housing

characteristics is independent of the quantities of goods in other

branches so that the housing quantities purchased can be written as a

lConsumerls preferences are defined weakly separable if the
whole cORIDodity vector can be partitioned into several subgroups.
Separable preferences are represented by a utility function of the
form U=f(vl(ql} •••••vn(qn}} for commodities subvectors
ql ••••• qn' one of which can be housing services and f is some
increasing function of branch utility function, VIS. The utility
function was first defined as being weakly separable by Robert H.
Strotz in his article, liThe Empirical Implication of a Utility Tree,1I
Econometrica, (April 1957} , 269-280. For more details of the
1mp 11cabon of weak separab i lity, see L. Ph 1i ps App1ied Consumption
Analysis, 1983, Chapter III and Deaton and Muellbauer, Economics and
Consumer Behavior, 1980, pp.120-147. -
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function of housing expenditure and prices of housing characteristics

alone. Detailed expenditure for specific housing characteristics can

be related to housing outlay and housing prices within the housing

branch. Since the decision procedure for the housing purchase or rent

seems reasonable, weak separability of the housing branch would be

acceptable in the practical demand analysis of housing services.

We assume also that consumption of housing conunodities is an

activity in wh ich housing attributes such as number of rooms, age of

the building structure, freedom from airplane noise, etc., are inputs

and in which the output is a collection of housing characteristics

such as appropriate interior space, proper structure quality, and good

neighborhood condition. Preference ordering of housing consumption is

assumed to arrange collections of housing characteristics directly and

.is only assumed to arrange collections of housing attributes

indirectly through characteristics. Following the Lancastrian

rationale of consumer theory, the basic properties of the

characteristics approach to the housing demand analysis can be
"summarized as follows':

1. The housing attribute does not give util ity directly to the

consumer; it posseses several housing characteristics and utility

arises from these characteristics.

2. As a whole, an attribute will have more than one housing

characteristic, and many characteristics will be shared by more than

2Kelvin J. Lancaster, "A New Approach to the Consumer Theory,"
Journal of Political Economy, Vol. 74, No. 2(April 1966), 132-157.
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one housing attribute.

3. Any combined bundle of housing attributes can produce

housing characteristics different from those pertaining to the housing

attributes separately.

Defining b.. as the quantity of the i-th characteristiclJ
contained in a unit amount of j-th housing attribute, we can define a

household production function a which transforms the housing

attributes into the characteristics they yield. Consumer theory

asserts that households seek to maximize utility (3.1), defined on

characteristics-space subject to the bUdget constraint, (3.2), in

attributes space with transformation equation or consumption
3technology, (3.3).

(3.1) Maximize U(z)

(3.2) Subject to Px'x = Y

(3.3) with z = ax, where z is vector of characteristics,

p is vector of attribute prices, and

x is attribute vector.

Since the unit of hous ing consumption is primarily a household

rather than an individual, we have to take account of the effect of

household composition. The same amount of housing attributes does not

give the same output of housing characteristics among households with

3Ke1vin J. Lancaster, "Changes and Innovation in the
Technology of Consumption," American Economic Review, Vol. 56 (May
1966) , 14-23. See also the same author, liThe Theory of Household
Behavior: Some Foundations, II Anals of Economic and Social
Measurement, Vol. 4, No. l(Winter 1975), 5~2.
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different demographic composition. Let us introduce demographic

normalization, (3.4), where M is a diagonal matrix whose diagonal

elements are scaling parameters which depend only on demographic

variables, and d is a vector of translating parameters.

(3.4) x = Mq - d,

where x is the amount of housing attributes with which households with

different composition can produce equivalent amount of housing

characteristics and q is the amount of attributes actually purchased.

When d is a zero vector, we are incorporating demographic variables

only through scaling parameters. If M is an identity matrix, then we

are applying translation alone.

Demand functions for the various housing characteristics-

derived in the usual way from ut i1 ity maximization subject to budget

constraint with transformation equation and demographic normalization

--can be written (3.5):4

(3.5) z =f(pz'y,c) where Pz is price vector and c is

a vector of demographic variables.

4By substituting (3.4) into (3.3), we have z = BMq - Bd where
BM is the consumption technology in which demographic scaling is
incorporated and Bd is the consumption technology in which demogra
phic translating parameters are included. Assuming BM has an inverse
matrix and substituting q = (BM)-l (z + Bd) into (3.2), we have the
maximizing problem in characteristics-space, from the first-order
condition of which we can derive a system of demand equations.
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Economic theory has noth ing to say about the sign of

demograph ic effect in the absence of particular specification of the

util ity function incorporating demograph ic variables. Since there

are many possible conbinations of demographic variables in the

utility function, it is an empirical question to determine which

demographic change will affect which housing characteristics and in

which direction.
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3.2 Empirical Specification of the Systems of Demand Equations for

Housing Characteristics

A theoretically plausible system of demand equations can be

formulated in three different ways. Consumer maximization of a

direct util ity function, wh ich has positive first-order derivatives

and continuous second-order derivatives, subject to budget constraint

will result in a demand system. We can also obtain it from a

well-behaved indirect utility function, which specifies the maximum

utility level that can be attained when income and prices are given,

by applying Roy's identity. The third way, which has become

increasingly useful in deriving systems of demand equations, is the

consumer cost function approach. Minimizing the cost function,

defined as the smallest amount of expenditure that enables the

consumer to enjoy a given utility level at the given price level, is

equivalent to maximizing the direct utility function subject to the

budget constraint. Following the above lines, we will specify three

systems of demand equations for the purpose of investigating

household behavior of housing consumption and the effect of a

household's demographic composition. These are the linear

expenditure system(LES), the transcendental logarithmic demand

system(TRANSLOG), and the almost ideal demand system (AIDS). The

validity of general restrictions and particular restrictions in

housing consumption are to be empirically examined by imposing

appropriate restrictions on the specified systems.
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4.2.1 The Linear Expenditure System

Let zi be the quantity of the ith characteristic and y be the

tota1 expenditure on a group of housing characteristics. Maximizing

the well known Stone-Geary utility function,

n bi
u = 1: (Zi - ri) J we can derive the famous 'linear expenditure

i=l
system' of demand equations:

(3.9)
n

•E Pjr j ) J i = 1J ••• , n
J=l

*where Pj the normalized price of the j-th characteristic{p/y).

In the system the b ' s represent marginal budget shares J the r ' s are

usually

n
interpreted as 'subsistentence quantities', and (y - E p·r·). 1 J JJ=
as supernumerary income.5

Homogeneity and symmetrl restrictions are built into the system

The adding-up implications of consumer theory can be imposed on the

n
system as L bi =1. The negativity of Slutsky matrix of price

i=l
effect can be verified by examining whether 0 < bi < 1 and

z i > r i for a11 i.

While one of the most striking features of the demand system is

5The linear expenditure system has its roots in the seminal
study of Richard Stone, "L inear Expenditure Systems and Demand
Analysis: An Application to the Pattern of British Demand, II The
Economic Journal, Vol. 64, No.255{September 1954), 511-527.
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the fact that it has only 2n-1 parameters, the linear expenditure

system often tends to oversimpl ify rea 1ity by its additive nature.

Moreover, it permits little flexibility for cross-price effects, whose

quantification is very often one of the main goa1s of estimating

complete systems of demand equations.6 In most empirical studies,

models that are derived from a general functional form of the utility

function, show a closer fit to data than those from the additive

utility function. 7

3.2.2 Transcendental Logarithmic Demand System

Following Christensen, Jorgensen and Lau(1972), we can assume

the logarithm of the indirect utility function to be a quadratic

function in logarithms of normalized prices of housing characteristics

with respect to housing expenditure :

(3.10 )

ptln pj

The translog utility function

n n n
ln V = E ailn pj + .5 E ~ bijln

i=l i=lj=l
where, b.. = b .. , for syrmnetry.

lJ Jl

can be interpreted as a utility function in its own right. However,

it is primarily interpreted as a second order approximation of an

arbitrary utility function. Unlike the additive demand systems,

6Even under the additive utility function, the cross
substitution effect does not vanish completely because there remains
an overall effect. See L Phlips(1983), pp. 60-63.

7For a comparative study of complete systems of demand
equations, See N. A. Klevmarken(1979).
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the translog form can be estimated without imposing homotheticity and

additivity, which is the feature that makes the translog function

appealing.a

(3.11)
n

ai + 1: bi ·In p'lrJ. 1 JJ=
Si = --------------------, i= 1, .•. ,n

n n n
E aj+ E E bijln pj

j=l i=lj=l

b .. = 0, for
lJ

Making use of Roy's identity, we obtain a set of budget share

equations (3.11), in wh ich expenditure shares of housing

characteristics are allowed to vary with the ratio of price to

expenditure, and a variety of substitution patterns is permited.

Homotheticity can be imposed on the indirect trans log function by

restricting sums of second-order parameters to be equal to zero,

n
E bij = 0, for all j, and additivity can be imposed by

i=l
eliminating all interactions between normalized prices:

all i and j.

A disadvantage of the trans log model compared to the linear

expenditure system 'is that its coefficients have no simple economic

interpretation, and the number of parameters increase about

proportionally to the square of the number of goods. Another problem

is that testing of homogeneity of degree zero of the budget shares,

8The translog model has been proposed and applled in systenrtlide
demand analysis by Christensen, Jorgenson and Lau(l975), and
Christensen and Manser(1975).
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which are often more questionable hypothesis to determine the validity

of the theory of demand, is not allowed.9 In a practical sense, the

trans10g system is also quite expensive, for, in general it requires

complicated non-linear estimation.

3.2.3 An Almost Ideal Demand System

Maximization of the direct uti 1ity function subject to a budget

constraint leads to a system of demand equations. Substitution of

these equations into the direct uti 1ity function gives the indirect

utility function. Then the dual problem of maximizing util ity is to

minimize total expenditure subject to a given utility level. This

minimum is the expenditure function or cost function. Shephard Is

lemma says that partial differentiation of the cost function with

respect to price gives a constant-utility demand function or

compensated demand function. To find the ordinary demand function, is

sufficient to solve the cost function for utility as a function of

price and income and to substitute this into the constant-utility

demand function.

Deaton and Mue1lbauer have explored this approach and recently

suggested Ian almost ideal demand system,•10 They write the cost

function as (3.12). Using Shephard's lemma and substituting for U,

9p. Simmons and D. Wieserbs(l979) suggest an alternative
trans log functional forms and associate demand systems in wh ich a
distinct test of homog~neity is allowed.
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they derive the share equations (3.13).

(3.12 )
n n n n bj

1nC(p,U)=ao + ~ aj1npj + 0.5 E E rlj 1np [Inp ° + U11 po
j=l i=lj=l 1 J j=l J

n
(3 •13) si = ai + ~ r i j 1n Pj + bi1n (Y/P), i=1, ••• ,n,

j=l

where P is a price index defined by

n n n
(3.14) 1nP = ao + ~ aj1nPj + .5 E ~ rijlnPi lnPj, and

j=l i=lj=l

rij = .5(rlj + rji) = rji.

The advantage of this system is its ease of estimation relative

to the linear expenditure system or the translog system. It also can

be used to test homogeneity( and symmetry) through linear restrictions

on parameters, which is not feasible in the translog or linear

expenditure system. Yet it has the advantage of being derived

explicitly from utility maximization, unlike the differential approach

in the Rotterdam demand system. Following Deaton and Muel1bauer, we

approximate the price index by the Stone index;

(3.15 )
n

1n P = ~ s" 1n P1" ,
" 1 11=

and the system converts into an easily estimable linear system:

(3.16 )
n

si = ai + ~ riJ"ln P; + bi1n(Y/P), i=l, ••• ,n.
° 1 oJJ=

lOAngus Deaton and John Muellbauer, "An Almost Ideal Demand
System," American Economic Review, Vol. 70, No. 3(June 1980), 312-326.
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The adding-up restriction implies (3.17)

n
(3.17) L ai = 1,

i=l

n
E bi = 0,
i=l

n
L qj = 0,
i=l

and the symmetry restriction can be expressed as r.. = r... In
lJ Jl

the system, the bi coefficients reflect the effect of changes in

real expenditure and the coefficients r ij reflect the impact of

changes in relative prices.

Given the adding-up restriction of the demand theory, imposing

the sYJlllletry restriction in (3.16) implies ilTl1lediately that the

system satisfies the homogeneity restriction, but not the inverse.

Imposing the homogeneity restriction with the adding-up restriction

does not indicate that the system is also symmetric. This result

gives an empirical implication for testing the homogeneity and

symmetry hypotheses of the theory •

Testing symmetry in (3 .13) or (3 .16) with the adding-up restriction

implies that we are jointly testing sYJlllletry and homogeneity.

Imposing symmetry with the adding-up restriction is equivalent to

imposing all three restriction: adding-up, homogeneity, and

symmetry. Thus, testing symmetry alone has no meaning in the

system. However, we can test symnetry with respect to homogeneity

with the given adding-up restriction.

32



3.3 Incorporation of Demographic Variables into the Systems of

Demand Equations for Housing Characteristics

To determine the importance of the demographic characteristics

and what the effects of alternative demographic structures are on the

composition of housing demand, a compromise technique between an ad

hoc and purely theoretical way of incorporating demographic profiles

will be used. l l It includes demograhic variables in the share

equations in a convenient functional form and imposes restrictions

such that the share equations satisfy the adding-up condition. This

is an attempt to determine the effects that demograph ic factors have

on the estimated parameters of the demand system. Identifying the

demograhic variables that most meaningfully capture household

structure must precede the incorporating procedure. Applying this

procedure on (3.9), (3.11), and (3.16), we can specify the following

three sets of demand systems, (3.19), (3.20) , and (3.21),

respectively, in which the effects of demopraphic variables are

combined. The adding-up property can be maintained by imposing

llThe above compromise has only empirical justification. In
our systems of demand equations for three housing characteristics, any
theoretically plausible method of incorporating five demographic
variables requires introducing at least fifteen new parameters into
each equation of the system in a complicated nonlinear functional
format. Parameter estimation of the system have difficulty converging.
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n
t bik=O, for all k in each system. The hypothes is that

i=l
demographic variables play an important role in determining the

combination of housing characteristics can be verified by testing the

joint hypotheses Ho: bik = 0 , for all i and k.

(3.19 )

(3.20)
n

a," + t b" "In p"if
" 1 ' J JJ=

5i = k bikdk + ----------------------------,
n n n
La" + t t bi "1 nP "if
"1 J "1" 1 J JJ= J= ,=

si =
n n
>: b,"kdk + a" +"L riJ"ln PJ" + bi1n(Y/P),

k=l ' J=l

where bik's show the effect of k-th demograph ic variable on the

share of rental expenditure for i-th housing characteristics, and si

is the share of rental expenditure for i-th housing characteristics.

*Pi is the price and Pi is normalized price, wh i1e yiP is real

(3.21)

income.
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CHAPTER IV

ESTIMATION AND EMPIRICAL RESULTS

The data used in this study are from the Annual Housing

Survey(AHS) in the Honolulu SMSA. and the estimating technique is

primarily 'seemingiy unrelated' regression in its linear and nonlinear

versions. The first two sections will describe the data and the

estimating technique. Estimated rental hedonic price equation will be

presented in 4.3. which will be followed by the result of the three

estimated systems of demand equations for housing characteristics in

4.4. The final section wi11 discuss the result of incorporating

demographic variables in the share equations for housing

characteristics.

4.1 Data from Annual Housing Survey

The Annual Housing Survey SMSA is designed to provide a current

series of information for selected metropolitan areas concerning such

subjects as the size and the composition of the housing inventory. the

characteristics of the occupants. indicators of housing and

neighborhood quality, and the characteristics of recently arrived

1For more details regarding the data from the AHS, see J. M.
Goering, Housing in America": The Characteristics and Uses of the
Annual Houslng Survey, November~9. Department of Housing an~rban
Development.
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neighbors. The data set utilized in this study is included in the

public-use computer tape file of the AHS. 1 The data were completed

in Honolulu SMSA through direct personal interview by the Bureau of

the Census from April 1976 to March 1977. The AHS sample in Honolulu

SMSA consists of approximately 5,000 housing units for each period of

interview. Out of the sample, th is study concentrates its empirical

concerns only on the rental housing units, for there is no unique way

to define home-owners' expenditure for housing services.

In the data, houses are composed of or associated with a large

number of attributes occurring in a wide variety of combinations. The

demand for each attribute can be defined. It is impractical, however,

to work with a large number of individual attributes that are all

recognized as influencing the value of housing services. Table 4-1

reports the definition of selected housing attributes for the

analysis. Applying the Lancastrian characteristics approach to demand

analysis, we can collapse the numerous features of a housing unit into

a few basic characteristics. The aggregation of necessary attributes

is arbitrary, but three characteristics are chosen: interior space,

structural features of the house, and neighborhood quality. The

specific attributes are assigned to each of the basic characteristics

in the following way:

1. Space includes count of bedrooms, number of rooms, number of

bathrooms, and complete kitchen facilities.

2. Structural. quality includes age of the housing unit, presence of

passenger elevator, existence of paint peeling, connection to the
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Variable
Name

BEDRM
ROOM
BATH
KITCHEN
AGE
ELEV
PAINT

PUBSEW

HSRT

ARNOISE
MaVIN
RNDNHS

STLIGHT
STIMPASS
TRASH

PBTRANS
NBRT

TABLE 4-1

Definition of Housing Attibutes

Definition

Number of bedrooms
Number of whole rooms
Number of bathrooms
1 if complete kitchen facilities, a otherwise
Age of the sturcture
1 if passenger elevator, a otherwise
a if any pee ling paint over 1 square feet,
1 otherwise
1 if the unit connected to public sewer,
a otherwise
1 if house rating is excellent or good,
a otherwise
1 if no airplane noise, 0 otherwise
Number of years staying in the unit
1 if occupied unit not in run down condition,
o otherwise
1 if no poor street lighting, a otherwise
1 if roads not impassible, a otherwise
1 if no trash, litter, or junk in the streets,
o otherwise
1 if adequate public transportation, 0 otherwise
1 if neighborhoood rating is excellent or good,
o otherwise
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public sewer, and house rating.

3. Neighborhood condition includes neighborhood rating, absence of

air plane noise, street lighting, impassible street, o~cupied housing

un it in run down condit ion, trash and appropriate publie

transportation.

More specific concepts of the housing attributes outlined in

Table 4-1 are arranged as follows. The following definitions and

explanations of housing attributes are summarized from the Appendix A

in published reports of SMSA sample of the AHS:

BEDRM: The number of bedrooms in the unit is the count of rooms used

mainly used for sleeping, even if also used for other purposes. Rooms

reserved for sleepiing such as guest room are counted as bedrooms,

while rooms used mainly for other purposes, even though used also for

sleeping, are not considered bedrooms.

ROOM: Rooms counted include whole rooms used for living purposes,

such as liVing rooms, dining rooms, kitchens, finished attics or

basement rooms, recreation rooms, permanently enclosed porches that

are suitable for year-round use, and lodger's rooms. Also included

are rooms used for offices by a person living in the unit.

BATH: A housing unit is considered having a complete bathroom if it

has a room with a flush toilet and bathtub or shower and a washbasin,

as well as piped hot water in the structure for the exclusive use of

the occupants of the unit.

KITCHEN: A unit has complete kitchen facilities when it has all three

of the following for the exclusive use of the occupants of the unit:
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(1) An installed sink with piped water. (2) a range or cook stove. and

(3) a mechanical refregerator.

AGE: Age of the structure refers to the number of years from initial

consturction. not when it was remodeled. added to or converted.

ELEV: Elevator in the sample refers to the housing unit in structure

with four floors or more which have a passenger elevator.

PAINT: Peeling p,aint on the interior ceilings or walls of a housing

unit refers to the inside walls or ceilings. and at least one area of

the peeling paint must be approxomately one square feet or larger.

PUBSEW: A public sewer is connected to a city. county, sanitory

dixtrict, neighborhood, or subdivision sewer system. It may be

operated by a governmental body or private organization.

HSRT: The data .presented are based on the respondent's overa11

opinion of his house or building as a place to live.

ARNOISE: Th is category refers to the respondent's opinion concerning

noise made by airplanes in landing or taking off or sonic booms from

nearby airports of military basis.

MOVIN: The variable refers to the period when the present occupancy

of the household head began. The year the head moves is not

necessarily the same year other members of the household move,

although, in the great majority of cases, the entire household moves

at the same time.

RNDNHS: This category refers to occupied housing units which, in the

respondent's opinion, are in run down condition.
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STLIGHT: Poor street lighting includes areas that, in the opinion of

the respondent, have no street lighting, streets with insufficient

lighting, and streets where the lighting does not work adequately.

STIMPASS: Roads inpassible refer to roads that the respondent reports

is neglected by state, county, or city crews during snowstorms, heavy

rain storms, or other such conditions that makes a road impassible.

TRASH: Included are all types of trash, debris, or junk such as

paper, cans, or abondoned cars in the street, on empty lots, or on

properties on the street which the respondent considers litter.

PBTRANS: These data reflect the respondent's opinion of the

availability of public transportation, such as bus, subway, or taxicab

service.

NBRT: The data presented are based on the respondent's overall

opinion of the neighborhood, according to the neighborhood conditions

and services available •

...
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4.2 Estimation Procedure

An empirical study of housing demand ideally should

encompass a11 the information on the housing market including

both supply and demand sides. Such a specification is, however,

not appropriate here because the AHS data does not include

information on housing supply. It is permissible to examine the

demand for housing characteristics themselves when the unit of

demand observation is not sufficiently large enough to have an

impact on market prices. For demand analysis with microdata, the

traditiona 1 view of the simultaneity between demand and supply

would not pose a serious problem. In practice, identification

problems are ignored whenever complete systems of demand

equations or several demand equations are to be estimated,

because it is entirely impractical to specify supply equations

for a number of commodities.

To estimate parameters of the demand systems for housing

characteristics, the following procedures are in order:

(1) estimation of rental hedonic price equation,

(2) imputation of implicit prices for individual housing

attribute,

(3) generation of the index of quantities and prices for housing

characteristics, using the implicit prices for housing attributes,

(4) estimation of systems of demand equations for housing

characteristics, and
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(5) incorporation of demographic variables into the systems of

demand equations for basic housing characteristics.

Data on the pr ices and quantities of the bas ichousing

characteristics that are necessary for estimation of the

expenditure share equation are not at hand in the market. The

value of a house, however, can be associated with a bundle of

attributes. Different houses have different bundles, and the

market process in balancing supply and demand establishes a price

equation or hedonic relationship.2 From the estimated hedonic

price equation, the implicit prices can be imputed to each

housing attribute. Accordingly we can combine the information on

the specific attributes to define prices and quantities for the

basic housing characteristics. The application of hedonic theory

to the housing market is justified by the fact that housing is

not a homogeneous cOlll1lodity, but a label for a collection of

distinct attributes.

The hedonic price equation for housing reflects only the

sets of market clearing prices associated with bundles of housing

services.3 It is, in general, neither the demand nor supply

function for housing. Rather, the hedonic equation and its

2The hedonic price technique was developed by Z. Grilliche
and others initially for the purpose of estimating the value of
quality change in consumer goods. See Z. Gril1iche{ed), Price
Indexes and Qua1ity Change, 1971

3Sherwin Rosen, "Hedonic Prices and Implicit Markets: Product
Differentiation in Pure Competition," Journal of Political Economy,
Vol. 82(1974).
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associated partial derivatives are the locus of demand-equa ls-supply

points for each specific housing attribute. Whenever the hedonic

price equation is estimated, it is implicitly assumed that the prices

are the balancing locus of demand and supply.

There is no strong a priori notion of the correct functional

form, but empirical estimation of the hedon ic pr ice equation for

housing attributes has been carried out in the following functional

forms: 4

(1) linear model(Butler(1982), King(1976), Kain and Quigley(1975»,

(2) semilog model(Harrison 'and Rubinfeld(1978), Malpezzi, Stephen,

Ozanne and Thibodean(1980), Kain and Quigley(1975), McMillan, Reid and

Gill an(1980) ,

(3) quadratic form(Witte, Sumka, and Erekson(1979»,

(4) log linear form{McMi11an(1979), Kain and Quigley(1975»,

(5) linear Box-Cox model (Linneman(1980), Blomquist(198l), Blomquist

and Worley(1982»),

(6) quadratic Box-Cox form(Ha1vorsen and Po1lalowski(198l».

While various nonlinear versions of the hedonic price equation

give better fitting estimates, one of its weaknesses is that the sum

of shares for housing attributes, which are obtained using the

implicit prices from the estimated hedonic price equation, is not

necessarily equal to 1. Since the purpose of this study is to

4A comparative study between several functional forms of
hedonic price equations can be found in Robert Halvorsen and Henry o.
Pollakowski, "Choice of Functional Form for Hedonic Price Equations, II

Journa1 of Urban Economics, Vol. 10(1981), 37-49.
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estimate the system of demand equations for housing services using the

estimated prices, the adding-up property of housing expenditure, which

implies the expenditure shares for each housing attribute sum to 1,

is desirable. If we can estimate the hedonic rent equation which is

homogenous of degree one in various housing attributes, the adding-up

property can be satisfied. In th is study, interactive terms defined

as the multiplication of square root of housing attributes are a

compromis in the linear hedonic rent equation.

From the best fitting rental hedonic price equation, the imp1 i

cit prices are computed by tak ing partial derivatives of the equation

with respect to each housing attribute. Using these implicit prices,

we can construct a quantity index for aggregated housing characteris

tics. The Divisia index, which provides a relatively unrestricted

method of constructing aggregated quantities,. is uti1ized.5 The

discrete cross-sectional Divisia index for the quantity of an

aggregated characteristic m composed of n component attributes is

n
(4.1) 1n qm - 1n q2 = 1: ws(1n qs - 1n qg),

s=l

where the 0 superscript denotes the base value. The weight is an

average of the observation's expenditure share on that attribute and

the base share as (4.2):

5For more rigorous details of Divisia index, see W. E.
Diewert, IIExact and Superative Index," Journal of Econometrics, Vol.
4, (1976), 115-145. and "Superative Index Numbers and consistency in
Aggregation,1I Econometrica Vol. 46(Ju1y 1978), 883-900.
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n
(4.2) Ws = .5 [Psqs/ E, Psqs +

s=l

n
p~q~/ L p~q~],

s=l

where average prices and quantities are used as base values. Prices

are defined by dividing the expenditure share for each characteristic

by its quantity index. 6 The index of prices and quantities for

housing characteristics are used in estimating the systems of demand

equations for housing services. Because the error terms of share

equations are not independent due to the budget constraint, the

parameters are obtained from the estimates of the full set less one of

the demand equations. For the estimation of parameters in the LES and

the translog system which are nonlinear systems of demand equations,

the modified Gauss-Newton iterative method is used to solve for the

nonlinear 'seemingly unrelated' regression model. For the estimation

of the AIDS, we can apply the usual 'seemingly unrelated' regression

technique, which was originally developed by Arnold Zel1ner(1962).

4.3 Rental Hedonic Price Equation in Honolulu SMSA

The ordinary least-square estimates of rental hedonic price

equation for the Honolulu SMSA are reported in Table 4-2.

6prices for characteristics are not obtained by the Divisia
index because the prices of housing attributes are somewhat
endogenously determined from hedonic estimates based on the
quantities available.
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TABLE 4-2

Rental Hedonic Price Equation in Honolulu SMSA

Dependent Variable: Monthly Rental Expenditure

VARIABLE PARAMETER
ESTIMATE

T FOR HO:
PARAMETER=O

BEDRM 19.06126 4.127
ROOM 13.91733 4.448
BATH 33.33120 6.758
KITCHEN 20.90566 1.606
AGE -1.94640 -4.564
ELEV -20.63557 -1.057
PAINT 6.10803 0.611
PUBSEW 109.171 3.174
HSRT 29.32334 3.299
NBRT 11.17045 2.204
ARNOISE 33.63224 1.877
MOVIN -2.27727 -3.252
STLIGHT 11.91281 1.905
RNDNHS 10.01476 1.296
STIMPASS 26.70681 1.916
TRASH 5.41419 0.832
PBTRANS 16.07596 2.832
AGEELEV 12.64833 2.157
BATHPBSW -80.30243 -4.369
AGEPBSW 4.45383 1.089
ARNSSTMP -16.34371 -0.883
ELEVMOVN 24.81524 2.587
HSRTMOVN -16.13490 -3.728
-------------------------------------------

R2 = .9166 and Adjusted R2 = .9155
F-Va1ue =820.311

*AGEELEV = Square Root of (AGE x ELEV)
BATHPBSW = Square Root of (BATH x PUBSEW)
AGEPBSW = Square Root of (AGE x PUBSEW)
ARNSNTMP = Square Root of (ARNOISE x STIMPASS)
ELEVMOVN = Square Root of (ELEV x MaVIN)
HSRTMaVN =Square Root of (HSRT x MaVIN>.

46



The dependent variable in the equation is the sum of monthly contract

rent and monthly utility costs such as electricity, gas, water, fuel,

garbage collection, furniture, and parking. The equation is

originally linear in seventeen housing attributes and additionally

includes six interactive terms that reflect the property of jointness

in consumption of the housing attributes. The interactive terms are

selected on the basis of statistical significance(t-values) and

reasonability of the coefficients. The intercept is suppressed in the

regression because people do not pay rent for zero residential

service.7 Since no intercept term is used, R2 is redefined as [l

- e1e/Y1Y], where e is the vector of estimated residuals and Y is the

vector of dependent variables. The explanatory power of the selected

housing components is quite good, particularly in view of the

micronature of the observation. In general, the signs of the price

function coefficients are as expected.

Tak ing the partial derivatives of the estimated hedonic price

equation with respect to each housing attribute, we can obtain

implicit prices for 17 components of the residential services. Since

we have interactive terms, the implicit prices of several attributes

are varying over the different combinations. In the equation, two

bads, AGE and MOVIN, are interactively included and, accordingly, the

implied prices for them are negative by definition. The prices of

several other attributes interrelated with the bad attributes also can

7The rental hedonic price equation with intercept term is also
estimated and most of the parameter estimates are very simil ar to
those of the equation with no intrcept term and the intercept term
itself turns out insignificant at 5% significance level. These are
reported in the Appendix A.
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be negative. We can interpret these negative prices as the

household's marginal willingness to pay for improvement of the bad

combinations of housing attributes, following the property value

approach used frequently in environmental quality valuation.8 If we

assume that the marginal benefit of improving the bads is constant for

each individual household, then the aggregate benefit of removing the

bads from the current residential unit is obtained by multiplying the

absolute value of the price by the amount of the bad attributes that a

household is suff'er tnq in the unit. Table 4-3 displays the mean

marginal attribute valuation associated with the hedonic price

function reported in Table 4-2.

TABLE 4-3

Marginal Attribute Prices Evaluated
at Means from Monthly Rental Hedonic Price Equation

(unit: do11 ar)

VARIABLE PRICE VARIABLE PRICE

BEDRM 19.061 NBRT 8.326
ROOM 13.917 ARNOISE 20.170
BATH 9.945 MOVIN 5.278
KITCHEN 20.501 STLIGHT 10.462
AGE 1.504 RNDNHS 9.266
ELEV 1.856 STIMPASS 19.388
PAINT 5.876 TRASH 4.797
PUBSEW 48.886 PBTRANS 13.765
HSRT 10.833

8The use of a res identia1 hedonic price equation
to measure the benefit from improving environmental quality
can be found in survey by A. M. Freeman III, "Hedonic prices,
Property Values and Measuring Environmental Benefits: A Survey
of the Issues,> Scandinavian Journal of Economics, Vol. 81,
No. 2{1979 d), 154-173.
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4.4 Estimated Systems of Demand Equations for Housing

Characteristics.

Severa1 conmon findings are shared in the following three sets

of estimated demand systems. (l) The demand for interior space is

more sensitive to the change of rental outlay than the other housing

characteristics. The expenditure elasticity of interior space is

greater than one while the others are less than one. (2) The three

housing characteristics are substitutes for each other in the Honolulu

SMSA. All estimates of the compensated cross-price elasticities are

positive and the own price elasticities are all negative. (3) The

degree of substitutabil ity between housing characteristics is

consistently higher between structure quality and neighborhood

condition, and lower between interior space and the other two housing

characteristics. (4) The particular restrictions of consumer theory,

homotheticity and additivity, are rejected in the trans log model. (5)

The homogeneity and synmetry hypotheses in the consumption of housing

services are also rejected in AIDS.

4.4.1 Linear Expenditure System

The parameter estimates of the linear expenditure system for

housing expenditure are reported in Table 4-4. The marginal budget

shares (bi ) are all significantly positive, which implies that the

marginal utility of characteristic i is decreasing. The parameters
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TABLE 4-4

Estimates of Linear Expenditure System
(t-va1ues in parentheses)

Housing Income
Characteristics bi ri Elasticity

Interior 0.47976 0.113021 1.169
Space (118.54) (17.12) (0.00986)*

Structure 0.31875 .0464322 1.096
Quality (74.23) .(12.47) (0.01476)*

Neighborhood 0.26149 0.001846 0.875
Condition (123.03) ( 1.37) (0.00711)*

*Standard errors of elasticity estimates

of minimal subsistence level are also all positive but not significant

for neighborhood condition. The greater estimates of b. and r.
1 1

for interior space as well as the smaller estimates for neighborhood

condition are reasonable. The estimated income elasticities are all

TABLE 4-5

Compensated Own and Cross Price Elasticities
in Linear Expenditure System

(at mean shares)

Housing Interior Structure Neighborhood
Characteristics Space Qua lity Condition

Interior Space -0.58273 0.33226 0.34415

Strruc. Qual. 0.37578 -0.66007 0.32083

Neigbor. Con. 0.34431 0.25248 -0.73474
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TABLE 4-6

Uncompensated Own and Cross Price Elasticities
. (at mean shares)

Housing Interior Structure Neighborhood
Characteristics Space Quality Condition

Interior Space -0.93751 .-0.00772 -0.00521

Struc. Qual. -0.07397 -0.9788 -0.00668

Neighbor. Con. -0.01476 -0.00198 -0.9962

positive as impl ied by the model with positive bls. The expenditure

elasticities(eiy) in the LES are: eiy =bi/s i•
Table 4-5 reports the estimates of the compensated own and cross

price

price

and

and cross (eij)

(r . ( l-b . )I z . )-1 ,
1 1 1

compensated ownAll

Uncompensated own(e i i)
in the LES are

respectively.

formulas

price elasticities.

-b .r .p ./p ~z .,
1 J J 1 1

elasticities are negative, reflecting the general restriction on the

elasticity

sign of the own substitution effect, and are less than 1 in absolute

value, implying that housing characteristics are compensated price

inelastic. All compensated cross price elasticities are positive so

that all housing characteristics are substitutes according to the

Hicksian definition. Since the symmetry condition relates only to the

cross-derivatives, the cross-price elasticities are not necessarily

symmetric. The corresponding uncompensated elasticities are displayed

in Table 4-6. They show that housing characteristics are close to

unit elastic in own-price change and are inelastic in cross price

change as implied·in the additive nature of the LES.
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4.4.2 Translog System

Parameter estimates of the direct and the indirect translog

demand systems are presented in Tables 4-7 and 4-8, respectively.

Homothetic, additive, and unrestricted versions of both specifications

of the models were attempted. Most of the coefficients are signifi

cant at the five percent level of significance. The parameter

estimates are themselves of limited interest because they do not show

in any apparent way the characteristics of ncusehclus preference.

The absolute values of the coefficients, in addition, depend upon the

index of prices or quantities, which can vary with the indexing

procedure adopted.

The goodness of fit in the share equations for each housing

characteristic is indicated by the R2 values in Table 4-9. In

genera 1, the indirect vers ions of the model perform better. The

direct and the indirect translog models are not self-dual unless the

utility is additive and homothetic. Otherwise, the two specifications

represent different preference orderings. The unrestricted form has

greater explanatory power in both specifications.9

9It has been argued that it is the indirect uti1 ity function
that is more useful as a functional form for the representation of
preferences if the aim of the specification is the derivation of
systems of demand equations.. See Keith R. McLaren, "Estimation of
Translog Demand Systems," Australian Economic Papers, Vol. 21, No. 39
(December 1982), 392-406.
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TABLE 4-7

Parameter Estimates for Direct Translog Function
l=Interior Space, 2=Structure Quality,

3=Neighborhood Condition
(t-values in Parentheses)

Parameter Synllletric Homothetic Additive
Translog Translog Translog

al 0.49367 0.43076 0.41593
(78.54) (124.63) (116.45)

a2 0.23323 0.26128 0.28359
(52.12) (87.32 ) (118.95 )

a3 0.27309 0.30796 0.30048
(96.65) (146.89) (117.42)

b11 0.16034 -0.01539 0.00714
(27.00) ( 5.94) (1.08 )

b12 0.05693 0.00121 0
( 9.15) ( 0.60)

b13 0.06115 0.01418 0
(11.33) (11.97)

b22 0.01392 0.01315 0.04057
( 1.89) ( 6.57) (9.49)

b23 -0.00702 -0.01436 0
( 0.96) (14.77)

b33 0.00662 0.00018 -0.000399
( 1.01) ( 0.20) (O .29)
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TABLE 4-8

Parameter Estimates for Indirect Translog Function
l=Interior Space, 2=Structure Quality,

3=Neighborhood Condition
(t-va1ues in Parentheses)

Parameter Indirect Homothetic Additive
Trans10g Trans10g Trans10g

a1 0.34486 0.39621 0.41248
(60.34 ) (129.57 ) (118.71)

a2 0.35157 0.30225 0.32839
(66.17) (97.37 ) (84.91 )

a3 0.30373 0.30154 0.25912
(62.16 ) (138.35) (131.04)

bll -0.07128 0.05889 0.08216
( 3.56) (32.76 ) (21.72 )

b12 -0.•08441 -0.03911 0
( 4.93) (26.56 )

b13 -0.08060 -0.01978 0
( 5.04) (20.98)

b22 0.04406 0.02691 0.04778
( 6.09) (15.54) (17.01)

b23 0.00114 0.01220 0
( 0.13) (12.97)

b33 -0.01269 0.00758 0.00330
( 1.31) ( 9.30) ( 2.71)
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TABLE 4-9

R-Square for Translog Share Equations

Share Equation Unrestricted Homothetic Additive

(Direct Translog Model)
Interior Space 0.2118 0.0728 0.0048
Structure Quality 0.1904 0.1270 0.0053
Neighborhood Condition 0.1321 0.0183 0.0293

(Indirect Translog Model)
Interior Space 0.4200 0.3559 0.2512
Structure Quality 0.3704 0.2948 0.2564
Neighborhood Condition 0.1760 0.1723 0.0326

TABLE 4-10

Tests of Homotheticity and Additivity Restrictions
on the Translog Utility Function for Housing Characteristics

Direct Translog Function Indirect Translog Function

Restriction System Stat* Assympt. System Stat.* Assympt.
------------ -------- ------------- --------
Rest. Unrest. X-Square Rest. Unrest. X-Square

Homotheticity 3837 3480 357 3682 3479 203

Symmetry 3978 3480 498 4054 3479 575

*Gallant and Jorgenson(l979) showed that the change in the least
square criterion function can be used as an asymptotically valid
chi-Square test.

**The critical value of X2{3) is 11.345 at 0.01 level.
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The assumption of homotheticity and additivity of the underlying

preferences are tested and rejected as reported in Table 4-10.

Homotheticity implying constant expenditure proportions requires that
3
E b..=0. There are three such restrictions.

j=l lJ
Additivity constraining the values of the elasticities of substitution

requires bi j = O. There are three such restrictions. X2_ tests

are conducted to establish whether the overall decl ine in fit

resulting from the imposition of the above restrictions is statistical

ly significant. 10 The Test statistics appearing in the Table 4-10

imply that we can reject both hypotheses.

Expenditure elasticities for housing characteristics are computed

from the unrestricted indirect model. They are 1.18260, 0.79605, and

0.94145 for inferior space, structure quality, and neighborhood

condition, respectively. The numbers indicate that interior space is

more expenditure elastic than the other two characteristics.

In Table 4-11, estimated price elasticities are demonstrated.

All compensated own prices appear negative and all compensated

elasticities are positive, reflecting that the three housing

characteristics are substitutes for one another. The compensated

response of household Is consumption of housing characteristics with

respect to their own prices increase in the order of interior space,

10 For the test statistics as an analog of the likelihood
ratio test in the systems of nonlinear equations, see A. R. Gallant
and D. W. Jorgenson, "Statistical Inference for a System of
Simultaneous, Nonlinear, Implicit Equations in the Context of
Instrumenta 1 Variable Estimation, IIJourna1 of Econometrics, vol , 11
(1979), 275-302.
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structure quality, and neighborhood condition. The uncompensated own

price elasticities are all negative. The cross price elasticities are

a1so negative except the one between structure quality and neighbor

hood condition.

The estimated Allen e1asticity of substitution, wh ich is a

measure of the strength of the substitution between characteristics,

is 0.6804 between interior space and structure quality, 0.87655,
between interior space and neighborhood condition, and 1.0759 between

structure quality and neighborhood condition. These estimates say

that interior space is less substitutable with other characteristics,

while structure quality and neighborhood condition are more easily

substitutable with each other.
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TABLE 4-11

Estimated Price Elasticities
from Unrestricted Indirect Trans10g Model

Housing Interior Structure Neighborhood
Characteristics Space Quality Condition

(Compensated own and cross-price elasticities)

Interior Space -0.45982 0.19787 0.26194

Structure Quality 0.27933 -0.60123 0.32154

Neighborhood Condition 0.35701 0.31152 -0.67573

(Uncompensated own and cross-price elasticities)

Neighborhood Condition -0.02932

Interior Space

Structure Quality

-0.94512 -0.14604

-0.04733 -0.83273

0.03774

-0.09145

0.08366

-0.95707

*E1asticity formulas for the indirect trans10g model are
outlined in Christensen and Manser(1975), pp. 426-427.
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4.4.3 Almost Ideal Demand System for Housing Characteristics

Table 4-12 presents the parameter estimates of unrestricted

household AIDS. estimated on 1740 cross-sectional housing units. The

estimates of bi classify the interior space characteristic as a

luxury and the neighborhood condition is a necessity.ll A number of

r coefficients are significantly different from zero; seven estimates

out of nine have t-values greater than 2. The results indicate a

moderate degree of price sensitivity of expenditure shares of housing

characteristics.

Test statistics of homogeneity of housing consumption. joint

restriction of homogeneity and synll1etry, and symnetry with respect to

homogeneity are shown in Table 4-13. Homogeneity is rejected, which

is not a new result of demand analysis. A plausible explanation for

the failure of homogeneity in the consumption of housing services may

be the relative inflexibil ity of adjusting housing expenditure. The

joint hypotheisis of homo"geneity and symmetry is also rejected.

llWe acknowledge that the classification is valid only when
the income elasticity of total housing expenditure is unitary, for
our estimates of bi are not the indicator of direct income respon
siveness but the indicator of the responsiveness in consumption of
housing characteristics to the change of housing outlay. The
classification of cOl1Jnodities as luxury or necessity need to be more
carefully applied in the subsystem of household expenditure.

aln z aln z aln R
----- =----- -----, where R is rent and Yis household income.
aln Y ~n R aln Y
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TABLE 4-12

Parameter Estimates of the Unconstrained
Almost Ideal Demand System for Housing Characteristics

(t-values in parentheses)

Commodity i Interior Structure Neighborhood
Parameter Space Qua lity Condition

ai 0.34069 0.02385 0.63544
( 5.62) ( 0.50) (19.88 )

bi 0.10674 0.000092 -0.10684
(10.74 ) (0.0119) (20.38)

ril 0.05598 -0.01761 -0.03837
(11.89 ) ( 4.81) (15.45 )

ri2 -0.05879 0.05604 0.00194
(10.19) (12.51) ( 0.63)

ri3 -0.00218 0.01843 -0.01625
( 0.70) ( 7.68) ( 9.96)

Expenditure 1.26011 1.00031 0.64247
Elasticity (52.15) (37.28 ) (36.63 )
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TABLE 4-13

Tests of Homogeneity and Symmetry

Restriction

Homogeneity

Homogeneity and
Symmetry

Symmetry with respect
to Homogeneity

F-value
(degree of freedom)

66.6011
(2, 3470)

62.6607
(3,3470)

54.9476
(1, 3470)

Critical
Value

3.00

2.60

3.84

We can also reject the synmetry restr iction with respect to homoge

neity.

The price elasticities in Table 4-14 are generally plausible

All the compensated own price elasticities are negative, and neighbor

hood condition is more own price-el astic than the other characteris

tics are. Positive compensated cross price elasticities confirm that

the three characteristics are Hicks-Allen substitutes. Imposing

homogeneity or both homogeneity and symmetry yields changes in

elasticity estimate~ as shown in Table 4-15. Own price elasticities

for interior space and neighborhood condition decrease across the

model, while own price elasticity of structure quality and expenditure

elasticity for neighborhood condition increase.

Allen elasticities of substitution are computed from homogeneous

and symmetric AIDS as 0.68028 between interior space and structure

quality, 0.87236 between interior space and neighborhood condition,
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TABLE 4-14

Own and Cross Price Elasticities
from Almost Ideal Demand System

Housing Interior
Characteristics Space

(Compensated Price Elasticities)

Structure
Quality

Neighborhood
Condition

Interior -0.45322 0.14754 0.29351
Space

Structure 0.35006 -0.51639 0.36220
Qual ity

Neighborhood 0.28195 0.29729 -0.96921
Condition

(Uncompensated Price Elasticities)

Interior -0.97032 -0.21891 -0.08304
Space

Structure -0.06042 -0.8073 0.06328
Qual ity

Neighborhood 0.01831 0.11046 -1.1612
Condition

*The uncompensated(eij) and compensated(elj) price
elasticities are:

eii =rii/si - bi -1

eli =eii + Sieiy =riilsi + si - 1

eij =rij/si - biSj/si

elj = eij + Sjeiy =rij/si + Sj,

where eiy is the housing expenditure elasticity of ith
housing characteristics.
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TABLE 4-15

Expenditure and Own Price Elasticities
in Various Almost Ideal Demand Systems

Housing Unrestricted Homogenous Homogenous &
Characteristics AIDS AIDS Symmetric AIDS

(Own Price Elasticities)

Interior -0.97032
Space (0.0242)

Sructure -0.8073
Qua 1ity (0.0265)

Neighborhood -1.1672
Condition (0.0175)

-0.96875 -0.94336
(0.0169) (0.0204)

-0.86584 -0.9244
(0.0195) (0.0223 )

-0.93803 -0.9332
(0.0139) (0.0147)

(Expenditure Elasticities)

Interior 1.26011
Space (0.0181)

Structure 1.00031
Qua 1ity (0.0190)

Neighborhood 0.64247
Condition (0.0222)
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1.26405 1.18152
(0.0094) (0.0147)

0.90925 0.9895
(0.0077 ) (0.0054)

0.7233 0.7609
(0.0071 ) (0.0063)



and 1.1961 between structure qua 1ity arid neighborhood condition .12

The substitutabi1 ity is greater between structure quality and

neighborhood condition than between others. These results parallel

those from the trans10g model.

12When the synunetry hypothesis of consumer behavior is
rejected, the elasticity of substituion has no more reason to be
syrJl11etric. The Allen elasticities of substitution are also computed
from unrestricted and homogenous AIDS and they show different degrees
of substitutability between the same pair of housing characteristics
reported in Appendix F.
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4.5 Effect of Demograh1c Variables on the Expenditure Shares

for Housing Characteristics

The demographic variables selected are household size, highest

grade that head completed, age of head, race of head, and sex of

head. 13 Incorporation of the five demographic variables into the

demand systems results in a significant improvement of explanatory

power. Th is can be observed by comparing system statistics in LES,

trans1og, and AIDS with demographic variables and without them. The

test statistics given in Table 4-16 correspond to the X2 or F-test

on all parameters of demographic variables in the system. As a

whole, the hypothesis that all the coefficients of demographic

variables are zero can be rejected at 0.01 significance level. 14

In Table 4-17, Table 4-18, and Table 4-19, specific parameter

estimates of the demographic variables are displayed. A large number

of di j coefficient are significantly different from zero; only two

or three out of fifteen have t-values absolutely smaller than 2. The

estimates of household size confirm a positive effect of family size

on the household's consumption of interior space and a negativE!

13Race and sex are dununy variables defined as 1 for white or
male headed household, respectively, and 0 otherwise. Other
variables are regarded as continuous.

14Ranjan Ray (l980 , 1982} included family size expl icitly in
the AIDS for household expenditure in India, and found significant
family size effect on the budget share. See R. Ray, liThe Testing and
Estimation of Complete Demand System on Household Budget Surveys--An
Application of AIDS," European Economic Review, Vol. l7(1982}, 349
369.
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TABLE 4-16

Tests of Demographic Effect

Model Specification

LES

Indirect Trans10g

Unrestricted AIDS

Homogenous AIDS

Homogenous and
Summtric AIDS

Test Statistics(d.f.)

748 .ei:10)*
704.03 (10)*

62.74(10, 3460)**

58.70(10, 3460)**

62.62(10, 3463)**

* At 1 %significance level, X2(10} =23.21
**At 1 %significance level, F(10, ) = 2.32

influence on struc.ture quality and neighborhood quality consistently.

The effect of education is similar to that of household size. The

parameter estimates of education indicate that, in the Honolulu SMSA

rental housing, the more educated is the head of household, the more

interior space, and the less structure quality and neighborhood

condition are preferred. This result is different from the findings

of Kain and Quig1ey(l975). The age of household does not show any

significant effect on the consumption of interior space. However it

is related negatively with the expenditure on structure quality and

positively with the budget share on neighborhood condition, which may

reflect the fact that old people are not willing to move frequently

and are thus more concerned with neighborhood quality. Female-headed

households spend less for interior space and more for neighborhood
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TABLE 4-17

Parameter Estimates of Demographic Variables in LES
(t-values in parentheses)

Interior Structure Neighborhood
Parameter Space Quality Condition

Household Size 0.034934 -0.019632 -0.015304
(22.36 ) (16.03) (16.84)

Education 0.003269 -0.002796 -0.000472
(3.75 ) (4.20 ) (0.95 )

Age of Head -0.0001158 -0.0005761 0.0006919
(0.62 ) (4.03 ) (6.51 )

Race of Head 0.056114 -0.022545 -0.03356
(10.59) (5.53 ) (11.01)

Sex of Head 0.019175 -0.006063 -0.01311
(3.04 ) (1.25 ) (3.64)

r· 0.62936 0.034751 -0.0025751
(14.02) ( 8.10) ( 1.95)

b· 0.238359 0.437636 0.3240051
(14.94 ) (35.86 ) (36.03)
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TABLE 4-18

Parameter Estimates of Demographic Variables
in Trans10g Share Equations
(t-va1ues in parentheses)

Interior Structure Neighborhood
Parameter Space Qual ity Condition

Household Size 0.026681 -0.015005 -0.116761
(18.79 ) (12.96 ) (13.27)

Education 0.006095 -0.005181 -0.0009147
(7.92 ) (8.31) (l.97)

Age of Head 0.000061 -0.000858 0.0007979
(0.37 ) (6.62 ) (8.04)

Race of Head 0.037618 -0.009833 -0.026351
(7.96 ) (2.57 ) (9.10)

Sex of Head 0.010292 -0.001761 -0.008532
(l.85 ) (0.39 ) (2.50)

ai 0.136011 0.501500 0.362489
( 8.64) (37.39 ) (37.58)

b1 i -0.035896 -0.106351 -0.066333
( 3.57) ( 6.70) ( 6.56)

b2i -0.003746 -0.023832
( 0.22) ( 1.81)

b3i • -0.026313
( 2.50)
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TABLE 4-19

Parameter Estimates of Demographic Variables in AIDS
(t-values in parentheses)

Interior Structure Neighborhood
Parameter Space Qual ity Condition

Household Size 0.02713 -0.018425 -0.008711
(18.19) (15.34 ) (10.70)

Education 0.00589 -0.00426 -0.001627
(7.34 ) (6.6 ) (3.71)

Age of Head 0.000203 -0.000863 0.0006593
(1.21) (6.36) (7 .17)

Race of Head 0.04058 -0.0155 -0.025083
(8.32 ) (3.95) (9.43)

Sex of Head 0.01126 -0.00388 -0.007379
(1.96 ) (0.84) (2.37)

ai 0.310996 0.056432 0.642572
( 5.68) ( 1.28) (21.52)

bi 0.060991 0.030847 -0.091838
( 6.66) ( 4.18) (18.39)

ril 0.032927 -0.002239 -0.030687
( 7.62) ( 0.64) (13.02)

ri2 -0.055223 0.053479 0.001744
(10.69 ) (12.86 ) ( 0.62)

ri3 -0.009001 0.024749 -0.015747
( 3.22) (11.01 ) (10.33 )

Expenditure 1.170362 1.106073 0.692675
Elasticity

69



characteristics, while they do not show any difference in the consump

tion of structure quality. The effect of race is also quite con

sistent; wh ite headed households spend more for interior space and

less for other housing characteristics. All the above effects of

demographic variables on housing consumption are consistently observed

in the three estimated systems of demand equations for housing

characteristics.

Using the parameter estimates, we can interpret how demographic

ally different households consume different conbinations of housing

characteristics. Suppose we have two hypothetical households with

different family characteristics as in Table 4-20. Let us also assume

that they are paying the same amount of rent, three hundred dollars

per month. Then, the parameter estimates of the deomgraphic 'variables

in unrestricted AIDS, Table 4-19, imply that household B

TABLE 4-20

Hypothetical Households with Different Family Combination

Household Size Education Age Race Sex

A
B

2
4

12
18

30
40

Nonwhite
White

Female
Male

is spendtnq or willing to pay forty three dollars more for interior

space, twenty-seven dollars less for structure quality, and sixteen

dollars less for neighborhood condition than household A •
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The test results on homogeneity and symmetry remain the same in

the models including demographic variables. The homogeneity hypothe

sis is rejected as is symmetry with respect to homogeneity.15

15F-values(d.f.) for testing homogeneity, homogeneity and
symmetry, and symmetry with respect to homogeneity are 79.00(2, 3460},
60.55(3, 3460), and 22.65(1, 3462), respectively.
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CHAPTER V

CONCLUSION

This study performs a three-step demand analysis for housing

characteristics. The first step constructs the vector of attribute

prices via the hedonic price function approach. The estimated

attribute prices are employed to build price and quantity indexes for

housing characteristics, defined as some aggregation of housing

attributes. The indexes are used in the second step to analyze the

demand equation for housing characteristics as a function of housing

expenditure and prices. The I seemingly unrelated I regression proce

dure is used to obtain consistent estimates of the demand parameters.

The third step adds several demographic variables into the demand

systems while requiring the adding-up restriction. Their effects on

the expenditure shares for interior space, structure qua 1ity, and

neighborhood condition are estimated and evaluated.

5.1 Summary of Findings

A rental hedonic price equation is estimated for the Honolulu

SMSA by employing data from the Annual Housing Survey in 1976.

Seventeen housing attributes are used to explain the rental housing

expenditure. Estimates of the coefficients are generally consistent

with a 'priori considerations. The functional form of the equation is

basically 1inear, and several square-root interactive terms are

indroduced to reflect the interdependence of housing consumption.
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Most of the coefficient estimates are significant at commonly used

levels of significance. Seventeen housing attributes are combined to

form three housing characteristics by the Divisia index procedure.

Three systems of three demand equations for housing characteris

tics are specified, estimated, and compared to test the theory of

household's behavior in housing consumption and the effects of

demographic variables on the expenditure shares for each housing

characteristic. Homogeneity and synmetry in consumption of housing

characteristics are rejected in the 'almost ideal demand system'.

Homotheticity and additivity of the household's preference underlying

housing consumption are also rejected in the translog share equa

tions. The negativity condition of the Slutsky matrix is satisfied in

the linear expenditure system.

The various elasticities of housing consumption derived from

the three demand systems are reasonable. The expenditure share for

interior space is more sensitive to the total amount of rent, because

the rent elasticity of interior space is greater than one while

elasticities of other housing characteristics are not. Given positive

compensated cross-price elasticities, the three housing characteris

tics are regarded as substitutes for each other in the Hounolulu

rental housing market. Substitutability is more intensive between

structural quality and neighborhood condition, and less intensive

between interior space and the other two characteristics

Demographic variables such as household size, age composition,

and qualitative aspects of family composition, appear to playa
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significant role in determining the housing bundle. Household size,

as expected, is positively related with interior space and negatively

with structure quality and neighborhood condition. The level of

education shows the same effect as household size. The age of head

is unrelated with interior space, negatively related with structure

quality, and positively related with neighborhood condition. Nonwhite

headed households spend less for interior space, and more for struc

tural quality and neighborhood condition. Male-headed household spend

more for interior space and less for other characteristics. All of

the above effects of demographic variables are consistently observed

in the linear expenditure system, the translog demand system, and the

almost ideal demand system.

5.2 Policy Implications of the Results

The estimated rental hedon ic price equation, wh ich is 1inear ly

homogeneous in housing attributes, provides useful information for the

demand study of housing characteristics. The work should be of

interest to pol icymakers because it can provide some advice on rental

price differentials across different housing combinations.

The essence of the demand systems approach in housing consump

tion consists of providing empirical demand analysis within a concep

tual framework which deals with the interdependence of demand for

various housing characteristics. The approach can supply the

empirical basis for forecasting and planning the composition of the
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housing demand bundle, for the construction of housing price indexes,

or for the design of a tax structure. Expenditure el asticities of

demand for each housing characteristic can be useful for planning by

government and by business. The results of this study indicate that

the supply of interior space is more essential in the Honolulu rental

housing market. Using own-price elasticities of demand, we can

consider the impact on government revenue of a property tax on

residential housing units. Similar estimates of uncompensated

ownprice elasticities for housing characteristics imply that a

different tax structure on different combinations of housing charac

teristics would not be meaningful in the sample area. Responsiveness

of a subsidy program of housing consumption can be ranked in ascending

order according to expenditure elasticity estimates. That is, the

greater is the value of the expenditure elasticity, the more respon

sive the subsidy program is. Estimates of expenditure elasticities

indicate a the greater responsiveness of a subsidy for interior space

than for other housing characteristics. The system approach in the

study can also serve as a submodel to be used in other areas of

economic research where allocation aspects of housing epxenditure are

involved.

Demographic characteristics of the household are brought to bear

upon its housing expenditure pattern either via their impact on

consumer taste or via their effect on recognized prices and expendi

ture faced by the household. Better understanding of microeconomic

demographic relationship in the consumption of housing will be
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of interest to analysts or policy makers. Combined with appropriate

forecasts of household demographic composition in the future, the

results of this study can assist in planning the supply of housing

stock and public facilities related with residential services.

5.3 Suggestions for Further Research

Since the estimates of the rental hedonic relationship are to

some extent misspecified, and the whole system of demand equations is

sensitive to the specified rental hedonic price equation, we should

pay attention to the poss ibil ity that specification bias affects the

results. In this study, it has been observed that the estimated

coefficients of several qualitative attributes of housing are easily

affected by different specifications of the equation. They especially

vary over the inclusion of different interactive terms. Since the

number of possible combinations of many housing attributes is great,

further search for exp1i cit interactive structures of housing

attributes is indicated.

The estimation of demand systems for housing characteristics can

be extended to other fields of consumption expenditure such as food

and clothing. Since the additivity restriction is often rejected in

many studies of broadly defined demand systems, partial maximization

in the subsystem of housing expenditure may not be appropriate. Of

course, the extensive system of subsystems of household expenditure

would be expensive in terms of data collection and computing cost, but
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increasing accessibil ity of micro-data and computing facil ities

suggests a promising future for the system-wide approach in the

empirical study of consumer behavior.

Demographic variables could be incorporated in any system

approach of demand analysis as applied in this study. Since we

compromise some theoretical plausibility in including five demographic

variables into the demand systems for housing consumption, further

research should exploit a more proper way to introduce many demo

graphic variables into the systems of demand equation •

One promising extension of incorporating demographic characte

ristics app1 ied in this study is the economic calculus under lying

ch i1drearing. By introducing well specified ch i1dren-characteristics

such as specific age structure and number of children in the household

expenditure system, the difference in consumption pattern can be

utilized to estimate the pecuniary cost of having children •

....
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APPENDIX A

Parameter Estimates of Rental Hedonic
Price Equation with Intercept term

Dependent Variable: Monthly Rental Expenditure

VARIABLE PARAMETER T FOR HO:
ESTIMATE PATAMETER=O

--------- ------------ -----------
INTERCEP -35.98521 -1.138
BEDRM 19.08387 4.132
ROOM 14.09127 4.499
BATH 36.50843 6.441
KITCHEN 28.14566 1.943
AGE -1.71926 -3.651
ELEV -22.16722 -1.133
PAINT 10.07998 0.953
PUBSEW 138.387 3.224
HSRT 29.86503 3.355
NBRT 11.18536 2.207
ARNOISE 42.08620 2.170
MOVIN -2.21283 -3.150
STLIGHT 12.44434 1.985·
RNDNHS 10.98982 1.414
STIMPASS 34.15551 2.218
TRASH 5.64184 0.867
PBTRANS 16.80980 2.942
AGEELEV 12.91883 2.202
BATHPBSW -92.58055 -4.343
AGEPBSW 2.58415 0.586
ARNSSTMP -24.89606 -1.247
ELEVMOVN 25.12350 2.618
HSRTMOVN -16.50268 -3.802
--------------------------------------------------

R'-Square: 0.4048, Adjusted R-Square: 0.3968
F-Va1ue: 50.74

*AGEELEV = Square Root of (AGE x ELEV)
BATHPBSW = Square Root of (BATH x PUBSEW)
AGEPBSW =Square Root of (AGE x PUBSEW)
ARNSNTMP = Square Root of (ARNOISE x STIMPASS)
ELEVMOVN =Square Root of (ELEV x MaVIN)
HSRTMOVN =Square Root of (HSRT x MaVIN)
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APPENDIX B

Parameter Estimates of Homogeneous
Almost Ideal Demand System for Housing Characteristics

(t-values in parentheses)

Commodity i Interior Structure Neighborhood
Parameter Space Qual ity Condition

ai 0.31447 0.32248 0.36304
(40.05) (52.89) (87.61)

b· 0.10907 -0.02639 -0.082681
(13.01) ( 4.05) (18.69)

ril 0.05784 -0.03882 -0.01902
(29.13) (25.18 ) (18.15)

ri2 -0.05663 0.03134 0.02528
(19.31) (13.76 ) (16.33)

ri3 -0.00121 0.00748 -0.00619
( 0.56) ( 4.44) ( 5.14)
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APPENDIX C

Parameter Estimates of Homogeneous and Symmetric
Almost Ideal Demand System for Housing Characteristics

(t-values in parentheses)

Convnodity i Interior Structure Neighborhood
Parameter Space Qua lity Condition

ai 0.36328 0.29192 0.334479
(85.22) (65.07) (103.44)

bi 0.07449 -0.00304 -0.07145
(10.70) ( 0.53) (17.18)

ril 0.05381 -0.03815 -0.01565
(28.18 ) (24.78) (16.55)

ri2 -0.03815 0.02110 0.01705
(24.78) (11.66 ) (15.80)

ri3 -0.01565 0.01705 -0.00139
(16.55) (15.80 ) ( 1.48)
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APPENDIX D

Price Elasticity Estimated in Homogenous AIDS

Housing Interior Structure Neighborhood
Characteristics Space Qua1ity Condition

(Compensated Price Elasticities)

Interior -0.45003 0.15280 0.29536
.space

Structure 0.27686 -0.60142 0.32454
Qua 1ity

Neighborhood 0.34669 0.37539 -0.72188

(Uncompensated Price Elasticities)

Interior -0.96875 -0.21529 -0.08237
Space

Structure -0.09625 -0.86584 0.05283
Quality

Neighborhood 0.17719 0.16505 -0.93803
Condition

...

81



APPENDIX E

Price Elasticity Estimates
in Homogenous and Syrmnetric AIDS

Housing Interior
Characteristics Space

Structure Neighborhood
Quality Condition

(Compensated Price Elasticities)

Inter ior
Space

Structure
Qual ity

Neighborhood

-0.45851

0.27916

0.35798

0.19784

-0.63664

0.34785

0.27916

0.35745

-0.70582

(Uncompensated Price Elasticities)

Interior -0.94336 -0.14575 -0.09238
Space

Structure -0126895 -0.9244 0.06175
Quality

Neighborhood 0.04574 0.12658 -0.9332
Condition
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APPENDIX F

Allen Elasticities of Substitution
in Non-symmetric AIDS

Housing Interior
Characteristics Space

(Unrestricted AIDS)

Structure
Quality

Neighborhood
Condition

Interior
Space
Structure
Qual ity
Neighborhood

(Homogeneous AIDS)

Interior
Space
Structure
Quality
Neighborhood
Condition

0.85305

0.68707

0.67467

0.84484
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0.50734

•

1.24548

0.52542

1.2908

0.98219

0.99484

•

0.9883

1.08035



APPENDIX G

Parameter Estimates of Homogenous AIDS
with Demographic Variables
(t-va1ues in parentheses)

Housing Interior Structure Neighborhood
Characteristics Space Qual ity Condition

Household Size 0.02667 -0.0173 -0.009372
(17.98) (14.48) (11.57)

Education 0.00570 -0.00381 -0.001897
( 7. 13) ( 5.91) ( 4.35)

Age of Head 0.000174 -0.00079 0.000617
( 1.03) ( 5.84) ( 6.73)

Race of Head 0.01131 -0.0149 -0.025387
( 1.97) (3.82 ) ( 9.55)

Sex of Head 0.01131 -0.00400 -0.007308
( 1.97) ( 0.87) ( 3.70)

ai 0.15125 0.44427 0.403147
( 9.30) (33.95 ) (45.45)

b . 0.07602 -0.00566 -0.0703641
( 9.85) ( 0.91) (16.71)

ril 0.04478 -0.03103 -0.01375
(23.51) (20.24 ) (13.22)

ri2 -0.04187 0.02107 0.02080
(15.16) ( 9.47) (13.80)

ri3 -0.00291 0.00995 -0.00704
( 1.48) (11.01) ( 6.61)
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APPENDIX H

Parameter Estimates of Homogenous
and Symmetric AIDS with Demographic Variables

(t-va1ues in parentheses)

Ihterior Structure Neighborhood
Parameter Space Qual ity Condition

Household Size 0.02798 -0.0177 -0.010208
(19.18) (14.93) . (12.90)

Education 0.00556 -0.00377 -0.001802
( 6.96) ( 5.85) ( 4.33)

Age of Head 0.000223 -0.000829 0.000607
( 1.32) ( 6.14) ( 6.62)

Race of Head 0.03985 -0.0140 -0.025643
( 8.18) ( 3.57) ( 9.65)

Sex of Head 0.01193 -0.00419 -0.007733
( 1.97) (0.90) ( 2.47)

ai 0.17643 0.42823 0.395336
(11.45) (33.95 ) (45.60)

b· 0.07602 0.00834 -0.0631411
( 9.85) ( 1.51 ) (16.02)

ri1 0.04201 -0.03069 -0.005071
(23.12) (20.04) ( 5~56)

ri2 -0.03069 0.01510 0.015589
(20.04) ( 8.14) (14.66)

ri3 -0.01131 0.01559 -0.004272
(12.38) (14.62) ( 4.73)
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