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Hedonic Theory and Housing Markets

This paper is aimed not at the specialist in urban economics but
rather the outsider curious about the role of hedonic theory in the
analysis of housing markets: why it is used, how it fits into the
main body of economic theory and what it accomplishes. This is not
intended as a comprehensive survey but instead a selective presentation
bf certain features of the theory and practice of hedonic analysis which

1 believe to be of general interest.

1. Hedonic Theory

To most urban economists the rationale for using hedonic theory
seems obvious. Housing commodities are neither homogeneous nor pef-
fectly divisible, so some alternative to conventional microeconomic
analysis is clearly needed. A natural alternative is to defiﬁe consum~
er preferences not over housing commodities but over their character-
istics: e.g., lot size, number of rooms, neighborhood quality. The
consumer then seeks to

max U(x,z) subject to p_x + hiz) =y (1)
X,2

where U(x,z) is a utility function, x is a vector of standard private
goods with prices P> z is a vector of housing characteristics, y is

the consumer's income and h(z) is the hedonic price function (a function

giving the price-of a house with characteristics z).

Since the maximization over x is a side issue, it is useful to

push it into the background. Let ¢(p_;Z,¥ - h(z))represent the result of

maximizing U(x,z) with respect to x subject to the constraint

P X + h(z) = y, where the function ¢ is just the usual indirect utility
function. Then the consumer problem characterized by (1) can be

reformulated as:
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max ¢(p_,2,y - h(z)); (2
z

i.e., the consumer chooses a house with characteristics which maximize

his utility. We will call (2) the Muth formulation.

For certain purposes it is useful to recast this problem in an
alternative form. By setting ¢(px,z,y—V) = u and solving for V, we

obtain the bid price function (or willingness-to-pay function):

V= w(px,z,y,u)- (3)
The function ¥ gives the price for a house with characteristics z
that will yield utility u to the consumer. For different values of u
this function defines a family of contours that plays much the séme
role in this analysis as indifference contours in the conventional
theory. The solution to (2) can be described as follows in terms of
bid price functions: the consumer chooses a house with characteristics
z which places him on the bid price contour corresponding to the highest
possible level of utility subject to the constraint that V = h(z).

We will .call this the Alonso formulation. Figure 1 illustrates the

condition for a maximum with respect to.a given characteristic z,.

h

Figure 1: 5V
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(Readers familiar with Rosen [1974] will recognize this as the funda-
méntal diagram in his treatment of hedonic theory.)

By referring to these alternative (but mathématically equivalent)
characterizations as the Muth and Alonso formulations I have taken

.considerable liberties with the original (Muth [1969], Alonso [1965]).

Their work predated that of Rosen by several years, and therefore their
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models are not descriﬁéd in terms bf hedonic theory. The housing character-
istics treated are limited to just two: accessibility to the CBD and lot
size (or flow of housing sérvices). Their analysis also differs.in some
details: the money cost of tramnsportation is introduced explicitly into
the budget constraint, while I have absorbed it into the functional forms
¢ and ¥ ; indirect utility functions and hedonic price functions are not
used; and the price of a house at any given distance from the CBD is ass-
umed to be a linear function of lot size. (an unnecessary restriction in the
general hedonic framework). .But the point is that the basic ideas are the
same, and the general theory yields the Alonso and Muth theories.as a special
case (see Ellickson [1977]). Thus, hedonic theory in its general form can be
regarded as a natural extension of the basic models of residential locationm.
While the hedonic theory of housing markets may seem the obvious
way to proceed for most urban economists, the outsider may well ask
why it is necessary to introduce characteristics.  After all, char-
acteristics are not needed in most general equilibrium analysis (the
reason for the qualification "most"” will be apparent in a moment).
And hedonic analysis as usually presented leaves open the question of
whether what is being described is really a competitive equilibrium.
The reason why these issues'seem cloudy is that hedonic theory intro-
duces two complications into the analysis at the same time: indiﬁis-
ible commodities (since a consumer either lives in a house or not) and
a continuum of é;mmodities (since the set of available characteristics
is generally not assumed finite). To gain some insight into what is

going on, therefore, it is useful to introduce one complication at a

time.
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Suppose that the‘set of possiLle‘housing types is finite: i.e.,
z € K, where K is a finite set. A considerable amount is now known
about competitive equilibrium with indivisible commodities: if the
set of consumers is finite, then it is possible to prove existence
of an "approximate" coﬁpeéitive equilibrium (see Broome [1972]), with
-the-approximation improving as-the-number of consumers increases. In
the limit with a continuum of agents, an exact equilibtium exists (see
Mas~Colell [1977]). What happens to hedonic theory in this context?
Characteristics are superfluous, simply a label for the type of house.
The maximization described by (1) is just a way to describe preference
maximization in an economy with indivisible commodities, as the reader
can verify by rewriting it with preferences defined over the housing
commodities rather than .characteristics. However, while characteristics
are not needed to establish existence of equilibrium, they may serve as
a useful vehicle for parameterizing utility functions and, therefore,
for describing the demand for various types of houses in a form better
suited to empirical estimatioﬁ. . An example will be given shortly.

If the set K of possible housing types.is infinite, then f;rmulating
a model of competitive equilibrium is not so straightforward. As Mas-
901e11.[1975] has observed,.in:the general context of an economy with
indiviéible coﬁ;odities,the usual justification for the competiﬁive
hypothesis may fail: the core may be larger than the set of competitive
allocations. Heuristically, what is required for core equivalence is
that the markets for commodities be "thick," but if there is an in-

finite number of commodities this requirement will generally fail.

However, by introducing the notion of characteristics, just as in




hedonic theory, he is’able to demgkstrate the existence of a competitive
equilibrium with core equivalence. This work has yet to be applied to
the context of housing markets, but at least it suggests that hedonic
theory is the appropriate way to proceed and that the use of character-
istics is not superfluous. It also provides a new perspective on what

is being-accomplished-by assumingfthat—the“hedonic function is a contin-
uous function of characteristics: a uniformity on the collection of |
consumer preferences is imposed, an assumption that houses with similar
characteris are-regardedvas close subsitutues by all consumers in:the

economy.

2. The Empirical Application of Hedonic Theory.

We now have a sense of why hedonic theory is used in the analysis
of housing markets and how it fits into the main body of economic theory.
We turn to the question of whether it has anything useful to contribute
to empirical studies of the housing market. Recall that we presented
two versions of the theory, the formulations of Muth and Alonso. Since
the two formulations are mathematically equivalent, presenting both seems
redundant. However, the two approaches have generated 1argé1y disjoint
literatures and, as we shall see, theif empiricai implementation leads
in quite distinct directions. The Muth formulation is the cornerstone-
of the "new urban economics," the development of rigorous models of
residential location. The Alomso formulation is central to the "soft"
side of urban economics, the articulation of less rigorous models of

residential segregation, jurisdictional fragmentation and filtering.
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a. The Muth Formulation

Turning first to the Muth formulation, perhaps the most
natural procedure is to use the constrained maximization problem (1)
to .derive the consumer's 'demand" for characteristics. This is essen~
tially the procedure adopted by Straszheim [1974]. The problem with
this is that the hedonic function h(z) need not be linear; therefore,
nothing plays the role of prices.in'the demand equations, and —-- as a
result —— the estimates seem of limited value. If we are ﬁilling to
aggregate houses into a finite number of types, on the other hand, it
is possible to derive equations closer in spirit to thé demand functions
of conventional microeconomic theory. In this case, the problem becomes
a nafural candidate for the logit analysis of McFadden [1974], an apprbach
adopted within the context of housing market analysis by Friedman {19751,
Lerman [1977], and Quigley [1976].

In order to describe this approach, we write the indirect utility
function for a consumer of type t in the form ﬁt(z,h(z)) where we have
suppressed the price vector p# (assumed invariant throughout the metro-
politan area) and the income parameter'ytv(since households of fﬁe same
type haye~the same income). To translate the model intb a form suit-
gble'for econometric estimafion; this deterministic indirect utility

function is replaced by a stochastic indirect utilitx,function:.

F,lz0(2)] + ¢, | )

where €, is a random variable associated with a house of type z. The.
probability that a consumer of type t will choose a house of type z is
then given by

- p(zly) = prob{&t[z,h(z)] +° €, > $t[z',h(z')] +-sz';z#z';z,z'eK} (5)
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If the random variables €, 2 € K, are independently and identically
distributed Weibull, McFadden [1974] has shown that equation (5) will

take the form:

exP {6t(zsh(z)}

Zexp {8, (2" ,h(z")}
z'eK

p(zlt) = (6)

If the indirect utility functions are linear in the parameters, we obtain:

exp{ z + Y h(2)}
p(z|e) = TexpiB z' + Y h(z")}
. 2 T %
z'eK

(7)

This is essentially the model estimated by Friedman, Lerman and Quigley.1

For an extensive discussion of this work, see McFadden [1977].

b. The Alonso Formulation

) Logit provides, therefore, an attractive means for trans-
lating the Muth formulation of hedonic theory into a form suitable for
empirical estimation. However, as noted earlier a substantial portion
of the urban economics literature is cast in terms of the Alonso form-
ulation, and the various hypotheses that have been advanced do not fit
easily into the Muth mold. - The most natural way to interpret such
models is in terms of a prediction of what sort of consumer is most
likely to occupy a héuse with a specified set of characteristics. The
house will be occupied by the consumer offering the highest bid price.
Thus, the traditional accessibility model predicts that houses located
far away from the central business district will be occupied by house-

holds with low marginal commuting costs and relatively high demand for

1Lerman also incorporates choice of transport mode into his model.
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housing space. The filtering modél predicts that newer housing will be
occupied by wealthier households. And the Tiebout models predict that
houses in communities offering higher quality public services will be
occupied by houseﬁolds with high income or a strong preference for
public services.

To translate the Alonso formulation into an empirical model, we
will first write the bid price function for a consumer of type t in
the form Wt(z) where we have suppressed the price vector P (assumed
invariant throughout the market), the income parameter Y, (since con-
sumers of the same type have the same income) and the equilibrium level
of utility u, (since consumers of the same type have identical incomes
and preferences and hence attain the same level of utility). In the‘
empirical version of the Muth model the indirect utility function is
replaced by a stochastic indirect utility function. In parallel fashion

here we replace the bid price function by a stochastic bid price function:

V= T2 +e ®)
where €, is a random disturbahce‘term. Then the deterministic proposition
that a house with characteristics z will be occupied with probﬁﬁility
one by a particular household type is replaced by the probabilistic
statement that | |

p(t]z) = prob{ﬁé(i) +e, > &t.(i):+ €t;;t'ft;t,t'€T} | 9
‘where T is an index set for household types. If, following McFadden

[1974], we assume that the disturbance terms are independently and

identically distributed Weibull, equation (9) takes the form

exp[{,(2)]

p(t]2) = Fem ¥, @1
t'eT

(10)
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Assuming that the bid price functions are linear in the parameters we

obtain

exp(atZ)

exp (at '2)
t'eT

p(t]z) = (11)
as the model to be estimated.

I have estimated this model (Ellickson [1977]) using data drawn
from a sample survey of 28,000 households in the San Francisco Bay
Area conducted in 1965. Table 2 presents the results for white owners
classified into six groups, three income categories (Y1 = under $7000,
Y2 = $7,000 - $9,999, Y3 = $10,000 or more) each subdivided according
to whether children were present (C) or not preseant (NC) in the house-
hold. The ten characteristics used are described in Table 1.

The results provide strong confirmation of several hypotheses that
have appeared in the housing market literature. To interpret these
results, we begin with a comparison across income classes, family
composition held constant. With minor exceptions, the coefficients of
the first six characteristics and 210 (an index of housing quality)
exhibit the pattern ome expects. The coefficients of Z1 (commuting
time to San Francisco) tend'to become increasingly negative as income
increases, precisely the result one expects if higher income hoﬁseholds
attach a higher value to commuting time. Higher income households also
prefer newer housing (characteristic Z2), larger lots (Z3), more rooms
(Z4), a better neighborhood (as represented by Z5, median tract income
in 1960), and those aspects of housing quality captured by theAhedonic

residual (210). As household income increases, owners with children

attach more value to housing within the attendance area of elementary



Z1
22
z3
Z4
Z5
Z6
z7
z8
9
Z10

Tabi.e 1
HOUSING CHARACTERISTICS USED IN THE EMPIRICAL ANALYSIS

Log (travel time to San Francisco in minutes) _

Log (age of dwelling unit in years)

Log (lot size in square feet)

Log (number of rooms)

Log (median tract income in 1960)

Log (elementary median income) .

Percent of students in elementary school who are black
Percent of students in junior high school who are black
Percent of households in census tract in 1960 who are black

Hedonic residual

10
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schools drawing from é higher inco;e population (characteristic Z6),
while households without children do not. Income differences appear

to have no effect on the reaction of white households to racial composi-
tion 6f the schools (27 and Z8) or the census tract (%9).

The differenee-in parameter-estimates for households with-and with-
out children, income held constant, is also reasonable with one major
exception. Owners with children put much more weight on number of rooms
and newer houses at the expense of accessibility to the center of San
Francisco. The onl& anomolous result involves characteristic 46: Owners
without children attach a higher value to areas served by elementary
schools with higher median income than do their counterparts. with
school age children, though the difference is only significant for the
lowest income group.

The model performs as well when applied to white renters. Perhaps
the only surprise in either case is the absence of significant differ-
ences in the coefficienté for the racial variables (Z7, z8 and Z9).

But when the analysis is applied to a classification of black and white
households, highly significant diffe;ences appear,ih the coeffi&ients
for 27 and Z9 between the racial groups, income held constant, and the
pattern is in the expected direction.

The usual xz tests indicate that the equations all are sigﬁificant
at better than .00l level and, when used to predict the type of house-
hold occupying each house in the sample, the models classify correctly

s for 84.5% of the ‘cases--for-white -owners,~38.1% for white-renters,=59.7%

for black and white owners and 59.27% for black and white renters. A
x2 test indicates that these classifications perform significantly

better than chance at the .001 level ,
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3. Conclusions

In this paper I have argued that hedonmic theory provides a useful
model of housing markets, serving both as a generalization of the
earliér work of Alonso and Muth and an application of recent advances
in the theory of competitive equilibrium with indivisible commodities.
The theory can also be given empirical content, leading to demand
functions of the form given by (7) under the Muth formulation and to
functions giving the conditional probability that a house with character-
istics z will be occupied by a household of type t (equation (11)) under
the Alonso formulation. .I see no reason to prefer one empirical model
to the exclusion of the other. The former approach. yields demand
functions while the latter does not. »The latter provides sharper and
more easily interpreted tests of a number of hypotheses in the urban
economics literature than does the former. As I have indicated both
emerge qu;te naturally from the general hedonic theory of housing

markets, and the empirical evidence gives strong support for the theory.
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