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PREFACE 

This report on identification in hedonic models represents the first year's 
work on the hedonic _portion of the Cooperative Agreement between EPA and 
the University of Maryland. It will be followed by additional work on 
hedonics which investigates more fully lhe empirical issues associated with 
using the hedonic model to value environmental amenities. 

In addition to the authors, a n umber of other people contributed to the 
ideas of this report. Both Kerry Smith and Michael Hanemann were infiuential 
in the development of Chapters 4 and 6. · 

Thoro~gh revi~w of r eports is a characteristic ot EPA Cooperative 
Agreements. This report benefited from the d etailed comments and criticisms 
of the following individuals: 

Raymond Palmquist 
North Carolina State University 

George Parsons 
E,nvironmental Protection Ag'ency 

Walter Milo'n 
University of Florida 
(on leave at EPA at the lime of the review) 

A number of graduate ·students helped draw figures, proofread, and 
otherwise assist in the preparation of the report. They include Douglas Orr, 
Terry Smith, Bruce Madar,iag'a, Utpal Vasavada, Cheater Hall . .and Laurence 
Crane. 

Our contract officers on the researc.h, Alan Carlin and Peter Caulkins, 
have been s upportive and patient. 

Finally, it is worth noting that this report represents the initial year's 
w.:>rk on hedonica in a Coop~rative J\greement t.hat. is designed to last tour 
years. Additional work now under way will co,ntront the conceptual questions 
with ri11mhf!'r 111. 
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EXECUTIVE SUMMARY 

lDENTIFJCATION OF PREFERENCES 
IN HEDONIC MODELS 

EPA Cooperative Agreement CR-811043-01-0 
University of Maryland, College Park, Maryland 

VoluD1e I 

N. E. Bockstael and K. E. McConnell 
Principal Investigator• 

This volume reports on t.he research of our project under the BPA 
Cooperative Agreement with t.he University of Maryland. The purpose of this 
project is "to solve the identification problem in hedonic models," The 
pu:-pcse of the reseRrc-.h is t h11e quite specific anti rather theoretical in 
nature. This volume describes those circumstances under which the problem 
is solved and analyzes other issues consistent with t he use of t he hedonic 
model in benefit-cost analysis. 

The results of the projfrc t, while relating to technical issues, can be 
expressed intuitively. The hedonic model is a met.hod of assessing the 
economic costs of pollution. Its use in environment.al economics stems from the 
fact that when people buy homes, . their willingness to pay tor t he attributes 
of the house is reflected i n t.he sale price. The attributes of the houae 
include not only its size and number of rooms, but. also neighborhood 
characteristics and varioua dimensions of environmental quality, including air 
quality. Hedonic analysis connotes various approaches to the empirical etud7 
of the price of goods, when t hose prices reflect the characteristics of •ood•. 
For example, consider two houses which a re located next to one another and 
differ only in that. one house has an extra bathroom. Then when the housing 
market is in equilibrium, the difference in the housing prices reflects the 
additional bathroom. This basic principle allows us to impute housing price 
differences to differences in Revera} attributf!'R of hom,es, incluciing 
environmental quality. Further, we can say the difference in the home price 
reflects a household ' s willingness to pay for the . attribute. Consider two 
""-··--- :..J - - • · --· ' - - ,- --' ,1,.. ..... .. 'I • • • • •• • , · ,. • •• -1 -:-1 ' 

difference in the home prices reflects a household's willinarneas to pay for 
reductions in ozone. 

The identification problem concern• the difficulties researchers encounter 
in trying to find the household's achedule of willingness to pay for various 
levels of attributes, not just a small c hange in the attribute. The 
identification problem at.ems from the fact that observed hedonic prices reflect 
not only on the value of the aU.ribu1.e to the household but also on the 
distribution of households of various types, the acarcit.y ot houses, and the 
distribution of housing characteristics in the stock of housing. 
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In lne context of benefit-cost analysis, the identification problem makes it. 
more difficult to infer lhe benefits of non-morginn} changes in attributes. 
Hcdonic prices show what households would pay for smaU changes in houa~ 
truits, not their schedules of willingness to pay for various levels of the 
attributes. In measuJ'ing the value of various kinds of goods and service in 
the economy, we t ypicully find that the more of a good a person has, the Jess 
he would be willing to pay for additional units of the good. Consequently, iL 
would be wrong to compute how much a person would pay for 10 gallons of 
milk per week by finding what he pays t or one gallon and multiplying b7 10. 
The same holds for attributes of houses , including environmental attributes. 
The solution to the identification problem would therefore per mit more accurate 
measurement of the benefits ot the non-marginal changes in environmental 
amenities reflected in housing prices. 

The basic finding concerning the solution to the ident.iticat.ion problem 
when housing prices come from only one housing market la negative. Chapter 
3 and 4 address the issue in detail. These chapters differ in how they 
address the problem, but both demonstrate that identification of the 
hous .. holci's func.ticmal relationship between attribut~ levels ftnd willingness t.o 
pay can be achieved only when the hedonic prices obey curvature patterns 
significantly different from the curvature of the individual willingness to pay 
function. Further, it is s hown t hat. the curvature properties which permit 
identification are not testable, but must simply be aaaumed. We are therefore 
in a position of solving the ,dentification problem, b ut ot not being able to 
test whether households behave in a way compatible with the assumptions that 
allow identification. 

When we combine h ousing prices from different markets, for example, from 
different cities, the situation is not quite so pea.simiatic. It we are willing to 
believe without testing that households from different cities value attributes 
o! hcuses approximately the same, then we may be a ble to identity the hedontc 
model (Chapter 4, Section 4), 

I s it worthwhile to proceed with attempts to identify hedonic models? 
The answer depends on several factors. First, can we be satisfied that 
housing markets work approximately as hedonic a naly s-is specifies? Second, 
does the estimation of the hedonic price equl'ltion--the relAtionship between 
housing prices a nd housing attributes--give an accurate reflection ot what is 
going on in the housing market? Third, are there serious damages using 

# . - .. .... . . . • ,. .. ,. 
• •• •11 ( '! . ,.. 

Chapters 5 though 7 explore the se issues. Chapter 5 asks whether the 
identification problem which plagues the r ecovery of information about 
willingness to pay for environmental attributes also confuse• us about the 
term hedonic p l"ice equation. The answer is basically no. 

Chapter 6 explores how much difference it makes to use marginal prices 
to calculate the benefits of non-marginal changes . The conclusion is that 
errors from using marginal prices are leas serious than error• from other 
sources, such as specification of the hedonic r elationship. 

iii 



Chapter 7 jnvcsligntes the structure of choice in hedonic models.. It 
recognizes lhal residential locational choice can be viewed as a choice of hro 
dimt.?nsions on a plane. If air pollution is lied S)'Stemolically lo either or both 
of these dimensions, then differences in housing prices will not reflect 
diff erenccs in willingness to pay for lied at.tributes. This chopt.er suggests 
lhal we may achieve more reliable results for the economic costs of pollution 
by developing a more realistic model of individual bide. 

The conclusion ot this volume is that while it ia conceptually possible to 
identify the hedonic model, it is not a good use of research reeourcea, .. . 
Further research into how the housing market works, the accuracy of marcinal 
prices, and other issues which logically precede the identification problem 
should be pursued. 

iv 
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CHAPTER 1 

INTRODUCTIONl 

1.1 Bene fit Cost Analysis and the Hedonic Model 

This report deals with one approach to inferring the value of 
environmental improvements--the hedonic method. It is part of the accepted 
wisdom of economics that environmental quality is a public l(ood. Bence 
improvements in environmental quality will tend to be provided in leas than 
optimal quantities b y decentralized decisions. A corollary to this tenet ia that 
government intervention may be r equired to p rovide optimal quantitlea of 
environmental improvements. To d etermine optimal quantities, the coats and 
benefits ot environmental improvements a re needed. In practice, optimal 
q1Jantitic!'I c f environmental improvements are almost never directly sought. 
Instead, covernment intervention for environmental improvement.a comes in the 
form of new r ules or changes in rules. Benefit cost analy• is can be applied 
to changes in rule s to determine whether they are in the right direction. U 
enough rule chang es are evaluated, then optimal quant.itiea of environmental 
improvement.a can be achieved, indirectly. 

The hedonic met.hod is one of several widely used approaches to measure 
the benefits of environmental improvements. It relies on individual choices in 
markets when the quality of the environment is one d imension of the quality 
of the good tor sale. The basic approach of the hedonic method is to infer 
willingness to pay for e nvironmental quality from market prices reflectintr 
quality differences. This method is typically practiced by gatherin• data on 
the sales of goods, for example housing, and then ehowin& with atatiat.ical 
methods the relationship between sales price and all the characteristics of this 
g ood, including practical measures of the quality of the environment. This 
relationship is called the hedonic p rice equation and the specific effects of 
polJut.ants on the sales price, as shown by statistical methods, have provided 
an important link in determining the benefits of environmf'nlal improvemt,nts. 

The role of benefit cost analysis in g eneral and the hedonic method in 
......... _., .. ,. , - •. .•.• , .. .. . ,.~ ..... . "_ ., , . ' · ·• , •• • • 1' ~ •• ~ .... _.,1._J 

net. benefit changes in Figure (1.1 ) (adapted from Deavouages, Smith and 
McGivney, 1983, page 1.2). A rule chan•e or rej{ulatory action ia deai,cned to 
force households or f irms to reduce e missions. In cases of any consequence, 
the reduction Qf emissions requires chanl(el!I in behavior which are costly to 
households a nd firms. Hence the initial economic effect of rule chan.res ia to 
impose costs on economic u nits. U the rule chanj{es are effective at reducing 
emissions, then they will improve the ambient environment.al quality. 
Improvements in e nvironmental quality will be valued by society. 
Improvements in environmental quality which are perceived lead some 
households and firms to change their behavior. Implicit market methods of 
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FIGURE 1.1 

THE LINKS BETWEEN REGULATORY ACTIONS AND 
THE NET ECONOMIC BENEFITS OF ENVIRONMENTAL IMPROVEMENTS 
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benefit 1"!1Cc1surement, such as the hcdonic method, nttcmpt to mcl:lsure the 
ch.inges in benefiL9 by recognizi ng that rational, consistent behavior reveals 
information about preferences. When we reveal information about. choices 
involving environment.al quality which are explicitly or implicitly costly, then 
under some circumstances we can infer whnt p eople will be willing to pay for 
chungcs in envil'onmcutal quality. Consider air quality improvements. As 
households perceive different air quality in different locations, they will 
change their behavior in a directly economic way by bidding up the price of 
sites which have improved air. The role of hedonic analysis is to use such 
information on behavior to infer the willingness to pay for improvements in air 
quo.lily. The purpose of this volume is to asseas the potential of the hedonic 
method for measuring the benefits ot changes in environmental quality. 

T here are both administrative and economic reasons for wanting to 
improve benefit estimation techniques in g eneral a nd t.he hedonic method In 
particular. The administrative impetus is provided by Executive Order 12291, 
which requires agencies ot the Federal •overnment to estimate the benefit.a 
and costs. of major regulatory actions (with impact.a greater than $100 million). 
Good benefit estimat.i6t1 techniques can help make t.he E012291 a productive 
crdar. Dad techniques will make it a charade. 

While the administrative procedures under which the Federal government 
operates are important and certainly should influence research in benefit-coat 
methods, there are additional cogent reasons for improving benefit estimation 
techniques. There is a compeJ)ing logic t.o benefit-coat analysis. Whatever Sta 
fault, it is the only fully consistent method available for asaessing resource 
a llocation. Hence it will tend to have influence, impliciUy or expliciUy, in the 
public decision process. In the use of benefit-coat analysis for environmental 
rule changes, benefit.a seem less plausible than coat• because they come from 
intangible or aesthetic services that are not traded on the market. Coate tend 
tc be incurred directly for purchases of physical capital arooda or as higher 
operating costs and indirectly as higher prices for consumer goods. Further, 
t he direct costs of environment.al improvements tend to be borne by well 
represented groups. For example, air quality improvements may require 
expensive alterations of fossil fuel power plants. For any region we can 
describe the impact ot rules about the sulphur content of coal or the 
installation of scrubbers on the alacks of power plants. We can 1t-lso real 

~sured that the C" O C'. '. s of such rule changes will find their way into the 
public debate over rule changes tor they are incurred b y • mall groups. But 
benefit estimates are tar harder to introduce into the debate becauae they 

' • • '"' I • ' I 

• ,. • • J "'"·'"' · ·-' u..... r..v 
def end. The benefit estimates are at a diaadvant.ace because of the 
metaphysical nature of benefits and the difficulties with techniques which 
estimate such benefits. So from the perspective of making the best. use of 
our re~ources, we would do well to learn more about methods of e • timating the 
benefits of environmental improvements. 

The logic of economics in benefit-coat analysis ia clear. Computina mone;y 
measures of the benefits and costs ot regulatory changes provides a common 
unit of analysis, and under the right circumstances, enables researchers to 
suggest when changes in rules are socially worthwhile. Yet, aa F~ure 1.1 
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shows, lhere is more i..o benefit cost analysis than simply measuring benefits. 
To determine economic benefits, the impnct of rule changes must. be traced 
through a varicly of environmental and technical relatio n s hips. Further, as 
study of cnvironmunt.a.1 decisions shows, there is more to the decision process 
in evaluating r ule changes than the simple logic of calculat.ina- benetil{I and 
costs. These c hanges in economic welfare play a role in the decision process 
but so does information about who gets the benefits, and who incurs t.he 
costs, information about the effects of ru]e changes on emissions, emissions on 
ambient quality, and ambient quality on humans. Descriptive information about 
all the links in Figure 1.1 improves the cogency of analysis in part by 
reducing apparent uncertainty. Further, not all benefits and costs of equal 
magnitude carry equal weight in the decision process. It is the whole picture, 
from rule change to net benefit-cost analysis, including all the intermediate 
links, which determines whether proposed rule changes are enacted. Those 
analyses which appear more certain and which tell a more plausible story- will 
be more convincing. Studies which communicate their results to a broader 
audience will be more effective, as will studies which provide a richer p icture 
of the course of events. 

What are the implications o f such a p luralistic decision process for 
research on methods of benefit estimation? S hould we a bandon the attempt to 
develop logically consistent and plausible models ot economic behavior for 
benefit measurement ? We believe not, for two reasons. Firat, models which 
are logically consistent must h elp explain how people respon d to chan•e• in 
external circumstances, including changes in t he economic rules of the arame 
and changes in the natural etivironment. Such ··responses play a critical role 
in the link between rule changes and net benefits in Figure 1.1. Thus the 
effort to explain behavior in a consistent and plausible way, which is the 
essence of economic models, will help establish the framework not only for 
calculating benefits but also tor describing the environmental links. Second, 
while benefit a nalysis works within the limited truth of logically consistent 
behavior, it is nevertheless our only tool for thinking systematically about 
scarce resources, whether environmental or other. 

When we take a broad view of assessing the worth of rule changes, the 
hedonic method shows especial promise. At best, this approach would allow 
researchers to infer the vaJue of changes in environmental amenities which 
result from the workings of a market. The potential advantage of thiA method 
over other methods, s uch aa travel cost models or contingent valuation2, la 
the presence of market prices which reflect differences in environmental 
~ - - ,..., : • : ,... ... A • .... - - , • f • 1· ,. , . ... .J ... ,. .. : ~ ... - • 1 .. t • • . r • ' , , • . 1 • •1 ~ : : • . • 

environmental changes influen ce b ehavior, and a dverse chan•e• ma7 make 
people worse off. Such scientific evidence can help establish the intermediate 
links in Figure l. 1. Evidence that environmental changes influence behavior 
is perhaps the weakest link in Fiaure 1.1, as we can learn from the General 
Accounting Office (1984) and Freeman (1982). Epidemiological • tudiea do not 
always provide unambiguous evidence that air pollution affects human health. 
The adverse effect of water pollution on recreational activity is easy to 
imagine but there is little hard scientific evidence to docu ment it. Thus part 
of the attraction of the hedonic method ia its direct uae of evid~nce. It 
shows in a way that noneconom.iats can appreciate how pollution affects 
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well-beinJ, 1f resea rc he rs can find a way to make the method yield measures 
of willingne s s to pay f o r c hlsng~s in air quality, they will hove an 
exceptio na lly valuab le tool. If. a ll we can salvage is evidence that air pollution 
affects h ousing v ulucs, we at least have evidence that pollution matters, which 
is ofte n more llum can be said now. 

In the right circumstances, the he donic method can be used to 
determine benefits of changes in public rules. There are several unsolved 
prnc tic al and conceptual problems involving the use of the hedonic models. 
The p u r pose of this report is to investigate the conceptual and practical 
problems of using hedonic models. The impetus tor the research in thia 
v olume c o mes from t he s o-called identification problem in hedonic modela. 
Solving the identification problem means developin« t he hedonic met.hod ao 
that it will tell us something about the preference• · of Individuals for 
environment.al quality, and bow individuals respond to changes ln 
environmental quality. Without such information, the hedonic method can tell 
us only what emerges in the market, which reflect.a only one piece of 
information about preferences, the value of quite small environmental changea. 
Solving the identification problem means pushing the hedonic method to tell ua 
more sboui. the preferences oI individuals behind the market, ao that we know 
how to value large changes in environmental quality. 

1.2 Overview of the Volume 

The . cha·pters in this volume are prepared by different authors or 
combinations of authors. While they all contribute toward the goal of the 
research, they may nevertheless be read independently of one another. Chapter 
2 gives an assessment of the hedonic method aa it is currently practiced, 
discussing the variety of its applications as well as its unsolved problems. 
Chapter 3 reviews current solutions to the identification p roblems and otters 
an interpretation of identification in a single market aetting. Chapter 4 
dcve!ops the structural system of which the hedonic equation i s one part, and 
states t.he conditions tor identification in a traditional econometric aetting. 
Chapter 5 provides some evidence on estimation of the hedonic price equation 
in the form of Monte Carlo results. Chapter 6 oreates a model which simulates 
the workings of a housing market and explor es welfare measurement and 
choice of functional form in the hedonic price equation. Chapter 7 deals with 
the quest ion of whether thP hedonic t11~tiel is Appropriate tor hnusing choices, 
and proposes several alternatives to current. practices. 

. - , 

Chapter 2 through 7 are rather diverse. Chapter 8, the conclusion, attempt.a to 
distill what has been written in the previous chapters as well as what has 
bee n learned on the project to provide an understanding of how t.o make the 
best use of hedonic models for measuring the benefits of environmental 
improvements. 

1.3 Some Conclusions 

The ide ntification problem cannot be solved t hrough empirical research. 
The identification problem deals with how much prior information one needs to 

5 



bring to empirical analysis in order· lo recover the parameters related to 
preferences for environment.a] quality. In the hedonic cot»e, we are concerned 
wilh lhe amount of prior information needed to identify the parometcrs of the 
pn:fcrcnce function. Thus it is in the nnturc of our charge from EPA that 
our results are conceptual, not ,empirical. Empirical support, where provided, 
comes in the form of Monte Carlo or simulated markets, which allows the uee 
of pdor informalion. 

Our findings with regard to ic1ent.ification are positive although heavil7 
qualified. Chapters 3 and 4 demonstrate t.hat identification ot the preference 
parameters from single market data is possible, but only through the choice of 
functional form which is largely untestable, Chapter 5 ia concerned with 
consistency in the estimation of t.he parameters of the hedonic price equation. 

Our findings concernin, the applicability o! the Rosen version of t.he 
hedonic model are negative. Chapter 7 showa that the hedonic model is not 
well suited for locational choice, Chapter 6 demonstrates that applyin~ 
different. benefit measures from the Rosen model to changes in locational 
attributes can lead to vastly_ different results, a consequence of the disparity 
hct.wcen cboice in tl-i<? hedonic modeJ end focAtional choice, These conclusions 
relate to the use of hedonic models for valuing locational amenities, but not 
necessarily other ~ses of the hedonic model. Even when the hedonic model is 
not used for valuing locational amenities, one must at.ill deal with the 
identification problems. 

I 

These conclusions suggest that environmental research which attempt.a t.o 
impute the benefit of improvements in air quality from the relationship 
bet.ween property values and air pollution should pursue new methods. In 
particular, methods which characterize t he process of bidding for discrete 
bundles of attributes under u ncertainty may prove fruit.tul, 
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CHAPTER 1 

FOOTNOTES 

1 Chapters with no authors listed (1, 2 and 8 and appendixes) were written 
by K. E. McConnell. 

2 The travel cost method is an approach for evaluating recreation resource•• 
It is useful also for valuing e nvironmental amenities when they- lnfluence 
the quality ot recreation. The metho d works by observing how people 
c hange their visits to a eite as their costs increase. The continaent 
valuation a pproach works by asking an individual how much he would pay 
for h ypothetical changes in environ1Qental amenities. A thorough diacu•aion 
of each can be found in _Freeman (1979a). 
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CHAPTER 2 

HEDONIC MODELS: CURRENT RESEARCH ISSUES 

2.1 Introduc tion 

The purpose of this chapter is to provide a brief introduction to hedonic 
models and to outline t.he chief research issues currently facing practitioners. 
The chapter will not attempt a survey of the literature, nor an exhauaUve 
catalogue of issues raised by t.he hedonic method. The emphasis here will be 
on t.he use of hedonic models for measuring benefits of environmental 
improvements, especially through the relationship between housing values and 
air quality. 

2.2 Choice o! Quality and the He d onic Model 

Thia research investigates t.he hedonic me t.hod, ,.et t hi• method 
encompasses a fairly broad range of approachea. I n p ractice, the term 
hedonic has come to mean any method valuing the q uality of a g ood through 
measuring its demand. In .the context of environmental researc h, hedonic 
tends to mean any method which values the public good - environmental 
quality - - through information on purchases of a private good. Our focus will 
be narrower, spe cifically on the Rosen model, but. it will be useful to aurve7 
briefly the origin of various approaches which go by the name of hedonic. 

Models of q uality may be examined along several different lines. For 
e xample Hanemann (1981) distinguishes between the "differentiated" and 
"generalized" a pproaches to demand analysis, depending on whet.her •ooda 
with different quality characteristics are treated as aeparate conunodities or 
t he same generalized commodity . In the current d iscussion, we will consider 
two t y pes of quality models: those in which the consumer chooses quality in 
a vector of n dimensions and those for which quality may be mea sured as a 
~r-alnr. While the distinction may ocCA!'liom,l1y Appeared blurred ·o n close 
examination, it will serve our purpose for the analysis to follow. 

. . . . , 
originated with the work o f Houthakker (1952) a nd Theil (1952) , though 
Hout.hakker only analyzed t he case where each commodity has only one 
dimensio n of quality. (Houthakker cites the prior work of Court (1941)) . 
Work by Adelman and Grilichea (1961) is a direct descendent of the 
Houthakker work and provides the initial theoretical baaia for the uae of 
hedonic price indexes . Adelman and Grilicbea poait a preference fu nction of 
the form 
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whc1·e Xi, {i=l,m) are commodities purchased on the market and zi (i:1,m) are ~i 
dimensional vect.ors measuring the at.tributes of commodity i. All element.a of 
the preference function are subject to choice, and the price ol the jlh 
commodity is also a function of its vector of characteristics: 

p. = p . (zi). 
1 1 

The hedonic met.hod as an index n u mber practice was original17 applied to 
aut.omobiJcs by Gl'iliches (1961). Additional app]ications may be found 1n 
Griliches (1971). Work by Becker (1965) and Lancaster (1966) is similar in the 
sense t.hat it involves quality choice in a large number of dimensions, but 
does not directly tie in to the hedonic practices. 

The hedonic models differ f rom the Becker-Lancaster modela of 
household-produced commodities by. having a market interposed between 
household choice a nd prices rcfiecting quality. Thi• market was typically 
assumed to exist, in the sense that prices reflect quality but there was no 
formal demonstration oJ . why market prices r e flect quality, Thie gap was filled 
by Rosen (1974) who showed how buyers and aellera of a good with 
measurable a tt.ribut.es establish a price l<><;ua reflocting these at.tribulei!.. Thls 
locus can be taken ae a given by any single buyer, who then chooses the 
kind of g ood to buy by choosing the optimal quantity of each attribute. 

The choice along one dimension, or the exogenous s calar infiuencing the 
quality of a private good, rep.resents the alternative modeling approach. Thia 
approach seems to have been developed independently by several different 
people. Maler (1971, 1974) developed the theoretical conditions for mea• uring 
the value of a public good by examining purchases of private goods. 
Quantities of the public good influence the quality of the private good, as for 
example, wat.er pollution mi,ht measure the qualit7 of recreation trips. 
Stevens (1966) provided an application, without the th~retical qualification. 
Bradford and Hildebrant (1977) provide theoretical results aimilar to Maler. 
These results are extended by Willig (1978). Fisher and Shell (1968) developed 
a model which· is also relevant because, while they were interested in price 
indices, they limited their analysis to one dimension.• 

The distinct.ion bet.ween the number of dimensions is especially crucial 
when we consider the lQGation decision, By it.a n11ture it is limited to two 
dimensions, and typically converted to one dimension, the distance from the 
center of the city. Thus, for example, the location model of Alonao (1964) ia 
. • .. , ... .. , ..... ,, - .-• ., - . ,-...,:- . ~ .., .., --,r • .. r '1•, .1 - .• ""' - - ,-J# ... ,.'°' ..,,, ... 1 !':1 ,1.-.\.-- .... ,ff ~.-,rl 
Willig, 

Models for estimRting the effect of the quality of a commodity cover a 
broad spectrum. These models, have all come under the rubric "hedonic", 
broadly interpreted, We are intere• te.d in a narrow segment of hedonic 
models, the Rosen model. In the following aection we discuas ita uae in 
environmental economics. 
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2.3 The . Hc donic ModEtl in Environmental Economics 

In concept, hedonic models provide information on the willingness to pay 
for public goods because p r eferences revealed tor private goods in part 
reflect the dem~md for public goods. Private goods which provide .bet.I.er 
access to public goods, such aa cleaner air or more quiet, will be valued mor e 
highly by households, and private transnctions will reflect the value of public 
goods. The hedonic model is both a theory and an empirical method which 
attempts to separate the effect of qualities such as access to public good• 
from other influences on the price of private goods. Like several methods fo r 
assessing the benefits of environmental improvements, the hedonic met.hod of 
valuing the environment began as an empirical approach. Ridker and Bennin• 
(1967) , Nourse (1967), and Anders on and Crocker (1971) analyzed the effect of 
air pollution on housing values. Their empirical results and analytical effort• 
to understand their empirical results spawned a lengthy debate over the 
method. The development of the Rosen model played an important role in 
settling some of' the issues debated. 

The initial applications of t he hedonic method to e nvironmental qualit7 
at.templed to infer willingnesa to pay tor changes in air quelit~ from houain.c 
prices. In current environmental work, applications of the h edonic method to 
the air quality-housing price caee predominat.e. However, Lhe tiret. app lication 
of hedonic models was to automobiles, with sub sequent a pplications ot the 
hedonic method to labor services (hedonic wagea), and other •ood• and 
services. 

The promise of the hedonic method can be gauged by the number and 
variety of applications in the current literature. Und er the rubric ot air 
pollution, a n umber ot different pollutants have been valued. For example, 
Palmquist (1983a) investigates the effect of total suspended particulate•, 
nitrogen dioxides, sulphur dioxide and ozone on property values in 14 citiea. 
Bender et al. (1980), Li and Brown (1982) , Schulze et al. (1983) , and Harrison 
and Rubinfeld (1978) (among many others) have also eatimated the 
relationships between housing prices a nd air pollution.a In a ddition, other 
environmental effects have been measured using the bedonic model. Noise 
(Nelson, 1978; Li and Brown, 1982), accessibility to shore line , (Brown .and 
Pollakowski, 1977; Milon et al. , 1983) and water pollution (Epp and El-Ani, 
1979; Rkh and Moffit, 1982) have all been shr,,-,n to influence houRing prices. 
Work to determine t he effect 9f proximity to hazardous waste aitea on housing 
values is also proposed or under way. The hedonic model haa been u aed o r . , ' . . . . . 
account for the attraction of the house, for example, achools and crime (Jud 
and Watts, 1981; Bartik and Smith, 1984), threat of earthquake (Brookahire et 
al., 1984)1 climate (F1·coman, 1984) and many kinds of urban amenities (Bartik 
and Smith, 1984). Of course, all aspects of the house itaelf have shown to be 
influential in determinin« houain« prices, for example, •ize and number of 
rooms, presence of air condi tionin«, swimming pool, fireplace, detached •a.rage, 
number of bathrooms , age, type of construction, etc. (Palmquist, 1983b; Li and 
Brown, 1982). 
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The .consistency of findings, especially with regard lo air pollution, has 
bccm as impressive as the variety of applications. While several papers 
skeptical of lhe relationship ~etween housing prices and pollution appeared in 
the 1970's (Wicund, 1971; Smith and Deyak, 1975), recent work has supported 
the relationship. Published research tends t.o show that hig her levels of air 
pollution are correlated with lower t1ousing prices, ceL par., though it may be 
lhat positive or inconclusive findings are less likely to get published. 
Somewhat more surprising is the result from hedonic wage models that wage 
premia are associated wilh higher air pollution (Bayless, 1983; V. K. Smith, 
1983). Thus the hedonic models show their promise through the variety of 
applications and the consistency of findings. Perhaps most import.ant. the 
basic model is intuitive and easy to explain to noneconomists. 

The two t ypes of models d iscussed in the previous section are useful for 
examining some work which occassionally goes under the rubric hedonic. 
Polinsky a nd Shavell (1976) and Polinsky and Rubinteld (1977) have developed 
empirical models where t he bid for each location depends on the attribute. of 
that. location. These models involve optimization in one dimension, and hence 
are similar in spirit to the second category of models, the s ingle public .rood 
of Maler, Bradford and Hildebrandt, and Willi6 • Thue, the work of Polinsky 
and S·havell and Polinsky and Rubinfeld may be considered hedonic, but 
because it involves only one dimension of choice, it is different from the 
Rosen model. 

2,4 The Be.sic Rosen Model 

Despite the promise of the hedonic method, there remains a number of 
problems which arise in its application, Before spelling o ut the nature of 
these p roblems, it will be useful to give some structure to the Rosen version 
of the hedonic method. The following .rives a skeletal version of the hedonic 
model, which was given its con~ptual framework by Rosen. 

Suppose that a market exist.a for a good with several attributes of quality. 
Wine may h ave sugar content, hue, and bouquet, or many more chemically 
measurable attributes. A house has windows, lot size, rooms, square feet, 
carports, etc. Cars hav e horsepower, lens-th, acceleration. Sellers are aware 
of the costs of producing the good with different attributes. Buyers know 
th Rt units nf 1 hP good with rliff P.rent -.urihntes hring diff P-rent uti1ity levels. 
When the market is relatively dense, that is, almost any level ot attribute la 
technically feasible and may be supplied, and demanded, then we can equate 

.,. , : .,.. , . . , . .. _ J ' ·· ~- ,., .. .• , ...... t ; 

Figure 2.1 

Assume that there is only one attribute of the good, and it is measurable. 
Consumers co~e to the market willing to pay more for a unit with more of it.a 
attribute. This information is revealed by their bid functions, Bo, Bu Bu 
which differ if they have different preference functions or different incomes. 
Sellers know the extra coat of producin& the .rood with more of the attribute, 
and because there are sellers with different characteristics, they offer dif­
ferent quantities of the attribute at different prices, denoted by the schedules 
s 0 , S 1 , S 2 • The market equilibrium yields the hedonic price equation denoted 
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Price of 
good 

B: buyers' bid schedules 
S: sellers' offer schedules 
h: Locus of equilibria-

the hedonic equation 

Quantity of the attribute 

The Basic Hedonic Model 
F~gure 2.1 

h, which is a locus of equilibrium points of various quantities of the attribute. 
Individual buyers or sellers take the hedonic price relationship as aiven and 
make their marginal selling or buying decisions a ccording to its implicit trade­
offs. Buyers choose goods which equate the marginal value of the attribute 
with its marginal coat, a-iven by the hedonic equation. Sellers produce goods 
which equate the marginal coat of production with t he marginal returns, aleo 
given by the hedonic equation. Thia model will be the source of much «reat.er 
scrutiny late in this v olume. 

The structure of t he model given above was developed persuasively by 
Rosen. The estimation methods were also codified by Rosen in the followin&' 

• ~ 1 
• • --e -- 0 , l_ 

at.tributes. For example, housing price depends on the eit.e-specific attributes, 
neighborhood characteristics and enwonment.al quality. The reaultant 
relationship is the hedonic price equation. Second, compute the partial 
derivative of the hedonic price with respect. to the jlh at.tribute, and uee this 
as an endogenous marginal price in a model of eupply and/or demand. 

It will aid our d iscussion of the hedonic met.hod to be more specific about 
the two step approach. Let us assume that we analyze buyers' choice•, and 
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hence are inlercsled in parameters of preferences. Let 

p = h(z;7) (2.1) 

be lhc hedonic price equation, where z is a K-dimensional vector of attributes 
of lhc good ond -, is a vector of paruweters describing the function. Using 
best fit methods, we estimate (2. 1). In equilibrium, the consumers' marginal 
bid for the attribute will equal the marginal cost of the attribute, as given by 
the hedonic price equation. Then we use the predicted derivative as • 
dependent variable, marginal price, in the following equations: 

i = 1, ..• ,1 (2. 2) 

where mi is the mara-inal bid function (marginal to the functions B0 , B1 and Ba 
in Figure 2,1), y is income and P is a vector of parameters describing tastes. 
Expression (2,2) is the equilibrium condition for individual buyers in the 
hedonic market. 

The economic f ramework created by Rosen has been rather widely accepted 
as providing a plausible explanation of the effect of amenities on the price of 
private goods. While t here have been many questions about procedures for 
applications, there have been few about the theoretical structure. Especially 
in t he a reas of urban and environmental economics, it has become part of ~e 
accepted theoretical structure. 

I 

2.5 Some Research Issues 

While the Rosen model of hedonic pricing has served well in its positive 
r ole, questions arise when we try to use the model for normative purposes. 
For example, t.he hedonic equation may do well in p redicting the cet. par. 
effect of another bathroom on the price of a house, but. it is less clear what it 
reveals about the welfare eff eels of a decrease in total suspended particulates. 
Further, there are some ambiguities about the applicability of the Rosen model 
to the choice of housing location. In this section we aurvey several questions 
currently debated in the literature. These questions a re important because 
they relate to the use of the h edonic met.hod for measurinc the changes in 
e nvironmental amenities, but they in no way exhaust current research topics. 
A d.iscuobiou of t.h~se it,;sues will help in u n dtH·standing the focus of this 
volume. 

"._, ... ..u, ~ ...... ... c.U,\. ...... .& • ..... " .l '-11\;c.U. ._;u Uli 'c;..;Uu.Ub "~ /,. c.::J."~ .. .1·,u- W I.UU UUb!\,,; 

model and to expressions (2,1) and (2.2) and to figures similar to Figure 2.1. 
We divide the research topics into five areas: 

1. What . practical problems arise in estimating the hedonic price 
e quations? 

2. Can the parameters c,) of the m function in equation (2,2) (typically 
called the inverse · demand function or marginal bid function) be 
identified, and if so are there serious estimation problems which then 
arise? 
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3. )-{ow can the welfare changes induced b7 exoge nous changes in 
ollributcs be mcusured? 

4, Docs the hcdo nic model capture all the welfnre change associated with 
changes in an environmental attribute? 

5. Are the struc ture and assumptions underlying the hedonic tnodel 
appropriate for the issues relating to choice of location by 
households? That is, when households choose the location ol their 
residence, is the hedonic model working? : 

Considerable effort has been directed to problems encountered in 
estimating the hedonic price equation, the first topic, Four of the proble1D11 
that arise in fit.ting the hedonic price equation are multicollinearity, s election 
of functional form, measurement of the amenities or attributes, and the 
aggregation issue. The collinearity problem is especia~ly • evere, Bigger 
houses typically h ave more of all kinds of attributes - bath rooms, lot slze, 
garage space, and a higher likelihood of having amenities which come in 
discrete units - pool, air conditioning, a scenic view. Amenities within a 
community tend to be h ighly correlated. Localities with good schools tend to 
have nice park systems as well as hi•h tax rates. Different air pollutants ore 
particularly likely to be correlated. Weather pat.terns snd location close to 
common emission sources cause some areas to have more of all pollutant.a t.han 
other areas. Collinearity is probably moat severe for t he characteristic• 
specific to the house. It would be wrong, however, to ar• ue t.hat 
multicollinearity is always a problem. Palmquist (1983a) baa s hown that for 
one set of 14 cities, collinearity is not a problem for pollutants. 

The choice of functional form for the hedonic price equation• ia -a critical 
one, in that it determines how marl'inal prices behave, Yet b y the nature of 
the model, we can expect little or no theoretical guidance for choosing among 
alternative functional forms. As can be aeen from Figure 2,1, the hedonic 
equation is a locus of equilibria, and has embodied in it the structural aapect.a 
of buyers and sellers. Beet fit methods, such as Box-Cox approaches used b 7 
Bender, Gronberg and Hwang (1980), Halvorson and Pollakowaki (1981) and 
others seem appropriate, but these methods may not result in well-defined 
maxima for households with quasi-concave preference · •function•, Cloaely 
related to t he choice of functional form is the problem of complete 
specification. It is virtually impossible to specify a hedonic equation which 
inr-ludes all tne ~Uributes which influence price. The exclusion of collinear 
attributes can have two affects. First, it can bias the coefficients of the 
hedonic equation. Second, when combined with nonlinearity, such 

norllinearily these errors are transmitted to the estimated marginal price, a nd 
are quite likely to be correlated with any instruments (such as income) ueed 
in the estimation of demand relations. (See Bpple, 1982, and Bartik, 1983). 

The measurement of pollution variables ia an important ieaue. The theory 
requires that all market participants respond to the same at.tributes, but 
perception of air quality .may vary aubstantially acroas households, And 
perceptions may not be c losely linked with actual measures of pollutants, 
available for example, from monitors. The problems of multicollinearity and 
amenity measurement complicate one another, because it is doubtful that a 
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s inblc a1_r pollutant can captu re households' perceptions of a ir quality. Yet it 
the po11u t.nnt.s n r-e highly correlated, it will be quite diffic ult to separate their 
e ffects . T he wo,·k by Palmquist (1983a) on creating an air pollution index is 
quite promising in this r eg ard, bectsu t:.e it is a first alt.emp t to compute an 
i ndex which might replicate house holds' perceptions. Further, Palmqu ist baa 
shown for at leas t one set of 14 c ities that collinearity i1:1 not especially severe 
fo r the pollutants. Bartik and Smith (1984) have highlighted the p roblem ol 
percep tions. 

F inally, there is the q uestion of aggregation of observations. Early work 
~uch as t hat by Ridker and Henning used median sales price of 
owner-occ u pied housing , where the census tract was the unit of observation. 
But recent empirical research has r elied predominantly on housing sales data 
or homeowner opinion s urveys. The question of when and whether para meters 
of the hedonic equation can be recovered from ag .rregate data has received no 
formal at.lent.ion. 

The second issue_:Jn the research list is the identification problem. Th e 
nature of this problem can be understood by rewritin• equations (2.1) a nd 
(2.2) as 

p = h(z;7) (2. 3} 

i = 1, ... ,It (2 .4} 
I 

where 7 is a vector of parameters describin• the hedonic price equation and , 
is a vector of parameters describing the mar,inal bid function. The Rosen 
two step approach estimates (2.3) first, and then uses the predicted derivative 
to ~f-limate (2.4). The identification problem in an intuitive sense comes from 
having estimates of fl actually be combinations of 7 and , . Brown a nd Rosen 
(1982) give t.he beet illustration of this particular problem. The issue is 
currently receiving as much attention as any other issue in hedonic models. 
As we show next, the identification problem is important to the extent t.hat 
information about preferences for environmental amenities is needed. It is 
possible, however, t.hat benefit measures can be computed without such 
information. 

The third issue dea1s with the wey welfarf! measure can be derived from 
the hedonic method. There has been aurpriainl'lY little research on this topic, 
especially since for environment.al mat.tera, welfare analyais plays • uch a 
- · •---1 rl"'II,,.. "''· ~ ~ -~:,.. .,..._ • • _.. ,.....,.9"' I- ,.. •• • ...,+ ,~ ...I "- ·- l' .... 11 , •· · r:· r ,,-9'--f"" • l,'""\ • 

government actions can cause the attributes of houain• to be improved by 
reducing air pollution. Bow • hould the hedonic model be used to measure the 
.,conomic benefilR of better air? The prob}f!ma surrounding this issue can be 
addressed with Figure 2.2. Thia ti,ure shows the bid function (B) for an 
individual, and the market hedonic price function, h(z). Suppose a 
government rule results in an increase in the amenity - better air - which 
io experienced by the individual as an increase from z to Et . Aaeuminc the 
iradividual to be in equilibrium at it, we can d iscuss three measures of welfare 
changes commonly used in the literature: 
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Price of 
house 

z z* 
Clean air 

l 

Welfare Measures for Increasing an Attribute 

Figure 2.2 

(i) the household's increase in willingness to pay tor the site: ab 
(ii) the predicted increase in the price of the site, baaed on the hedonic 

price equation p(z): ad 
(iii) a first order Taylor'• aeries approximation of (i) and (ii)!' L ia 

lllngent to the equilibrium at e, so that its slope is equal to t he 
common marginal price - marginal willingness to pay, and an eatimate 
of (i) or (ii) based on a linear extrapolation is given by ac. 

.... . .. . ~ .. ·-
, hedonic price> 

linear extrapolation of, hedonic price> 

, willingness to pay 

The consumer'• willingneaa to pay ia a superior: measure, but requires 
knowledge of the parameter• I of m in (2.4) and requires aucceasful 
completion of the Rosen two-step approach. The linear expansion of B or h i• 
moat often used and moat c r iticized. It.a accuracy can be aeriouab' impaired 
by two possibilities: 
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a) Only a few combinations of the z's are available in practice eo that 
there is no equilibrium of margins] price and marginal willingness to 
pay. In fac t, unless . the available z's are quite dense, a negative 
mnrginaJ bid is quite possible for z. 

b) The hcdonic price function need not be convex; for equilibrium 
purposes it. need only be Jess concave than the bid surface. In t.hat 
case, linear extrapolation of p will exceed the prediction made by p(z*) 
- p(z) given in (ii). 

Thus it seems that benefit measures will be improved by recovering the 
parameters of the bid function, but this requires solution of the identification 
problem. I! the hedonic price equation is not "too" convex, then it may 
provide a decent estimate of the va]ue of chan,es in z. At least we know that 
whethe r we u se the prediction from the hedonic price or its linear 
extrapolation, we will have ove restimated the change in willin,ness to pay. 

Another difficulty in welfare measurement becomes apparent when we look 
more closely at Figure i.2. The hot:asehold equilibrium requires tangency 
between the hedonic p rice equation h and the bid function B. The tangenc 
exists at z, but not at zt~ Hence the messurea described above are, in t . 
phrase of Bartik and Smith (1984), restricted partial equilibrium measures 
They are restricted because they do not allow the market to adjust to 
changing conditions. When the z's are changed exogenously, the initial supply 
conditions no tonger hold, and a new hedonic price equation muat be 
established. The appropria1,e welfare measures require comparing an old 
equilibrium with a new equilibrium, something which the .,restricted partial 
equilibrium" measures do not do. 

The fourth topic given above also involves welfare measurement. The 
essence of this problem concerns potential double counting of benefits from an 
environmental improvement. To what extent does the hedonic method applied 
to property values measure benefits that might also be captured b7 other 
methods? Roback (1982) has investigated the case when wages are influenced 
by environmental attributes. Other cases remain to be investigated. The 
economic use of epidemiological studies attempts to measure the benefits of 
improving air quality, which is also the role of housing value atudiea. 
Location near a clean water aite may be capitalized into land prices, and hence 
mP.aRure in pRrt. the demanti for trav~l to thP. clean water. A Aeparate but 
related issue concerns the purchase of attributes which reduce the effect of 
pollution, for example, air conditioning. Because people apend a majorit7 of 
.:!""""- :_..,1 , ,... __ :, ... ,: "' : ,. . .. ~ - .. - , . ... ...1:f , ,-"_ -' :· , . ~---. : 
conditioning can avert. aome effects of air pollution. These issues must be 
worked out in concept before we can investigate their practical importance. 

Research on the fifth topic has addressed two questions, both especially 
problematic tor the real estate markeL The hedonic model assumes that t.he 
goods are sold at auction with bu7ers and aellera having full information. 
The housing market, in fact, is one of aequential bids and • ub• tantial 
uncertainty about the hedonic locus. Work by Bllickson (1981), Lerman and 
Kern (1983) and Horowitz· (1983) is deai•ned to model the housing market to 
reflect more accurately the way transactions are made. Another important 
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assumption in the hedo n ic mo d e l is the co ntinuity of the h edonic pric e 
f unction i n a ttr ibutes of the good. Continuity assumptions are routinely made · 
and violated in economics , us ually with little impairment of conceptual or 
empirical a nalysis. Continui ty assumptions may not be s o innocuous in hedonic 
models . Housing otlribute s suc h as r ooms, sir conditioning, and swimming 
p ools not o nly a r e not continuouR but are typically availttble in only a few 
combinations. Fur ther, because of the limited number of bundles available, 
choices may tend not. to equate marginal bids with marginal costs. The lumpy 
aspec t of hous ing, implyin1t discrete choices, is modelled initially by McFadden 
(1978). This partic uJur aspec t of hedonic models is a fruitful area for 
research. 

For purposes of this volume, the issues raised above fall into two 
categories. On the one hand there are the important practical problems 
involving estimation of the hedonic equation, determining what benefits can be 
calc ulated from the hedonic model, and the accuracy of various restricted 
measures of welfare changes. These problems are not different from the 
problems one confronts in any kind ot empirical work in economics. They are 
primarily the consequence ol Iese t.ban perfect data. On the other hand, there 
are the issues of identification and whet.her Lhe hedonic model ir; rapp:-opriate 
for the choic e of residential location. These issues have the common aspect 
that their solutio n does not hinge on better data. The problem of identifyi~ 
parameters of preference func tions when households have nonlinear bud&eta ia 
severe even with perfect data. Furthe·r, if the hedonic model ia not. the r1'ht 
mode] for c h oice of location of r esjdence in concept, no amount of data will 
make it so in pr-act.ice. This volume is concerned with problems ot the second 
sort. That is, we will investigate those issues which in principle may prevent 
the met.hod from providing useful ioput. to benefit-cost analysis. 

2.6 The Charge of the Research 

This r e searc h was undertaken as a part of research project on implicit 
market. methods of measuring the benefits ot environment.al chan&ea. The 
explic it c harge fo r the hedonic research is to "develop solutions for the 
underidentification of hedonic demand curves tor environmental public goods 
end de mo n s trate, using suit.able p ollution problems., (EPA Request. for Pro­
posal, April 1983), 

This charge has been the driving force of our research. 
expanded our research to those topics which in principle 

. 

But we have 
prevent the 

interpreted the identification problem here as the problem of recovering the 
parameters of a function which yields willin1tnees to pay by households for 
cha nges in a llrib u tes of a good. That is, we wish to ascertain under what 
circumstances we can recove r the parameters of the m(z,y;,) function in 
equation (2.4) because recovering theae parameters may help improve welfare 
measurement. The following two chapters explore directly the identification 
problem. These chapters are quite different in approach but have in common 
the idea that identificat ion is solved in concept. Other chapters, too, are 
concerned with whether the hedonic method works in concept. 
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2 

CHAPTER 2 

FOOTNOTES 

Mucllboue r (1974) indicates how the distinction between types of models 
can beco me blurred. He increases the quality dimension of the Fisher­
Shell model to make it a choice of several at.tributes and reduces the 
dimension of the Houthakker model to make it a one dimensional choice. 
As we shall argue later, the choice o1 model ultimately depends on t.be 
technical and institutional characteristics of the problem. 

For further works on pollution and property values in the hedonic model, 
see the references at the e nd o1 this volume, Bartik and Smith's (1984) 
reference.a , and t hose provided by Rowe and Chest.nut (1982). 
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3.1 Introduction 

CHAPTER 3 

IDENTIFICATION OF HEDONIC MODELS 

Robert Mendelsohn! 

Although the theory and econometrics tor underatandinar markets for 
homogeneous goods have been understood for decadea, t he problems of 
modelling msrketa for h eterogeneous goods has received attention only 
recently. One fruitful approach to dealing with heterogeneous goods bas been 
the hedonic model. The· heterogeneous good is enviaaged as a bundle of 
homogeneous attributes. For example, a residence is composed of a ttributes 
such as the nl.imber of rooms, lot &ize, s chool quality, air quality, . and other 
characteristics. From the work of Court (1941) and Grilicbea (1971), it is now 
commonplace to estimate the implicit prices of these attribu tes by regressing 
expenditures on the bundle (the price of the heterogeneous good) upon the 
observed at.tributes. As noted b7 Rosen (1974), the resulting marginal price 
•radient is the locus of market prices which equilibrate demand ar,id supply. 
For marginal valuations, t his locus is all that is needed, However, for 
nonmarginal valuations where the observed price gradient ia expected · to 
change in response to some policy of interest., it i s neceaaar7 to uncover the 
underlying structural equations of the model, The p urpose of this chapter ia 
to discuss when and how the demand and supply curves for characteristics 
can be identified with available data and econometric techniques. 

The first discussion ot the identification problem with hedonic markets was 
raised by Rosen (1974) in his development of the basic hedonic market model. 
Rosen perceived the hedonic structural equations to be n o d ifferent f rom 
traditional market models. He consequent.17 a sserted that the identification 
issue was just the familiar problem of aorting out supply from deman~. 

More formally, suppose t he hedonic price function for the good _'is : 

. , . 
where z is a vector of attributes, 
prices) for each attribute Zi is: 

Then the p.r ice g radient (of marginal 

p.(z) • lh(z) 
1 IZ. 

1 

(3.1) 

The underlyin&' inverse supply (g) and demand (f) functions fo r the attributes 
are: 
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pi(z) = f(z,y) + t 
1 

p.(z) = g (z ,w) + t 
l 2 

(3.2) 

where y and w are exogenous demand and supply shift variables, respectively, 
and ci are random err or terms. Rosen recommended that the hedonic price 
function be estimated by OLS in a first etep. Taking the derivative of the 
hedonic price function, the appropriate marginal price for the observed 
purchased bundle z would then be the dependent variable in the , est.imalion of 
the structural equations (3.2). The identification problem, according to Rosen, 
is the separation of demand from supply effects. 

Brown and Rosen (1982) offer an alter-native identification problem. They 
are concerned ab.out the use of the· predicted marginal price from the price 
regressiQn ('3!1) in_ the a t ru~tural equatian e~t.imation (3.2). They note that 
with linear functiona_l fqr-ms, the variation in z captures all the variation in 
the predicted price. -·that is Pi _is co.nstructed-: 

. . . 
p. = 7 + 7 z. 

l o a 

Thus, to estimate demand by regressing p on 'Z and other shift variables y 
such as: 

one should expect Po = 7o, P1 = 711 and P2 = 0 becaus.e there is no random 
variation in p that cannot be perf~cily explained by z. Furthermore, at least 
with a linear marginal price model, the linear structural e quation will always 
be the best fitting functional form because it provides a perfect fit. The 
structural estfmation consequently just reproduces the original mar1tinal price 
equation. The structural equations remain unidentified. 

A third per spective is voiced by Mendelsohn (198()) , Bartik (1983) and 
Diemnnd and Smith (]985). Thei:;e authors n nte that ma,rimization of profits or 
utility subject to, the nonlinear budget const raint of a single price gradient 
r esults in only one observation for each act.or in the market. Each of the 
~ •1 .,.,' • · ~ . ...._ .,, . . . ! ... ~ ..... . , .... . .... .. .,.p,.-
substantively different. The identification problem in hedonic markets ia not 
between d·emand and supply per se but rather between the response ot one 
demander t.o one price vcr ·sus a different demander t.o another price. 

There are cons.equently three potential identification problems with • ingle 
market hedonic models. (1) The "garden varie-t;y-'' s imultaneity of demand and 
supply; (2) the use of eatimate.d p r ices in s t ructural equation estimation; and 
(3) the separation of price effects from shift effects across consumers or 
across suppliers. . Corresponding to each of these problems, authors have 
recommended specific solutions. 
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In Seclion 3.2, we discuss solulions to the "garden variety" identification 
problem and demonstrate that traditional solutions nre not. adequate because of 
ll,e simultaneity of Rhifl and price effects. In Section 3.3, we review the use 
of predicted mnrginal prices in the structural equation and show that the 
Brnwn and Rosen critique can be generalized to any structural equation ,where 
the exogenous shift variables are additive. We further show that. the 
estimation of prices is not the central problem. In Section 3.4, we address the 
special identification problem of hedonic markets, the untangling ol price and 
shift effects. In this section, we show how nonlinearity in the price gradient 
and restrictions on the structural equations can lead to identification. The 
identification problem in the Brown and Rosen linear model can disappear in 
nonlinear models. 

Finally, in Section 3.5. we discuss how observations from multiple marketa 
(either intertemporal or cross sectional) can overcome the ident.ificatio.n 
dilemma in certain circumstances. 

3.2 Simultaneous Demand and Supply 

If the inh~rent identification problem of hedonic models ie the si!I:ult.nneity 
of supply and demand equations, there are several plausible solutions. As 
recommended by Nelson (1978), L inneman (1981), and Rosen (1974), one could 
use econometric t.echniquea such as instrument.al variables or two at.age least 
squares to separate demand from supply. For example, suppose the under-
lying model is: · 

Z : f(p,y) + C 
l 

z = g(p,w) + & 
2 

(3.3a) 

(3.3b) 

where f(·) is demand, g(·) is supply, y and w are ahilt. variables, and &1 and 
c 2 are error terms. Marginal price p is e ndogenous in t.his model, being t.he 
result of both supply and demand factors. Consequently p is affected by 
both £ 1 and c 2 and so is correlated with beth. OLS regressions with p would 
be biased. To correct this problem, one r egresses p on the exogenous shift 
variables y and w. The resulting predict~d level of price, p, can then be 
entered into either structural equation for second stage estimation . 

An alternative way to control for t he simultaneity of supply and demand is 
to A.~!':11mP. onP. of thP.Ae 11truct ural ftow,t.ions iR fixed. For ex11mple, H11rrison 
bllu HuuJ.ui~•u \J..1Iu1 ii::..:.uw._ ""ca" """' ouyj.>i,> u, ..,,~, au "" uu,1;oyvu::.1\'c:, Lv 
the price of clean air. As Nelson (1978) and Freeman (1979a) note, the level ol 
air quality in each area may indeed be insensitive to the prices charged in 
each housing market. However, the supply of c lean air is the amount of 
housing available with clean air, not the amount of acreage available, 
Consequent.Jy, builders could p rovide more housing per acre in clean air 
location's if the price of clean air were sufficiently higher. Thus, it may oft.en 
b~ inappropriate to assume that supply functions are perfectly inelastic in 
hedonic markets. 
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Parsons (1983) and Epple (1982) dcmonslrale Lhat the identification 
problem in hedoruc single markets deals with more than the traditional 
separation of demand and ~upply. Both these authors show that the 
traditional methods used to untangle demand frOJJl supply will not ·work in the 
single market context. Along a nonlinear price gradient, suppliers and 
demnndcrs arrange themselves according to their underlying shift parameters 
y and w. This sorting procedure means that certain types of suppliers will 
tend to match up with particular demonders to transact. special bundles alona 
the g1·adient. For example, with housing, builders ot homea in the outlyin• 
suburbs will tend to supply the attribute clean air. Demander& of clean air, 
possibly asthmatics, will tend to purchase these out.lyin• homea. The 
introduction of the variable, asthmatics, will represent. the builders of outlyin• 
homea just as much as the domimders for these clean air homes. The single 
market result.a in a one-to-one correspondence between particular demander• 
and suppliers, making it difficult to identify either structural equation. Thus, 
the identification problem is clearly more than "the garden variety" found 1n 
+tradi tional goods market&, The untangling of supply and demand Is Just at 
the surface of the problem. 

3.3 Predicted Prices 

Brown and Rosen (1982) • how that when both the price airadient and the 
structu ral equations are linear, the predicted marginal prices cannot be used 
to identify the structural equations. The linear est.imat.ion of the structural 
equation simply reproduces the coefficients of the hedonic price gradient. 

Brown and Rosen's proof can be generalized. Regardless of the shape of 
the price gradient, any structural equation which is additive in the exogenous 
shift. effects will merely reproduce the price g radient. For example, suppose 
the price gradient is 

+ 7 log z = lh(z) 
I I Z . 

1 

(3.4) 

Any structural e qua tion which additively inc ludes Pi(Z) will reproduce (3.4). 
For example: 

p. = P + P z' + P l og z + P za +, y 
]. 0 I 2 3 4 

That is, the estimated coefficients on z« and 7 would be Eero. 

To surmount this problem, analysts have restricted the family of 
structural equations ao that. none of the members can have the above 
p roperties. Brown (1983) suggests omitting particular expreeaions for z in the 
structural equation which are in the hedonic equation. For example, one could 
leave out. the log z term found in (3.4). Alternatively, one could omit a 
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p~rlic ula.r atlribute Zk in the structural equation. FinnJJy, one could adopt. a 
different f unctional form (log linear, linear, or semilog) in the hcdonic price 
versus struclul'al equations. This latler approach is UBed by Harrison and 
Rubinfcld (1978) , Nelson (1978), Linneman (1981), W.iite et al. (19791 and 
Bloomquist -and Worley (1981) in t.heir hedonic models. 

Although the alteration at functional form between the hedonic and 
structural equation leads to different. parameters between the two equation s, it 
is not cJear whether the assumption has identified the true underlyinlf 
structural equations, After all, making different. &Rsumpt.ions about the shape 
of any of the curves leads to ditferenl parameters. Although the Brown and 
Rosen (1982) model has touched the surface of an identification problem, the 
paper provides little guidance to the underlying cause of the problem or to 
its appropriate solution. 

In order to show that the problem with hedonic markets is not the uae of 
estimated prices, let us repr oduce the Brown and Rosen model and show that 
the structural equations are not identified even when the price gradient is 
observed (not estimated). To keep the notation simple, let us assume the 
rr.a!"ginal price i:; a linaar !ur.ction of o s ingle at.tribute: 

c1h(z) 
p. (z) • 

1 
= -r + 7 z. 

1 Z O l 

The structural equations are also assumed to be linear: 

(demand) 

p . = G + G z + G w 
1 0 l 2 

(supply). 

Because the price gradient is the locus of equilibrium points between supply 
and demand, for each z, it must be true that: 

7 + 7 z = , + , z + , y = G + G z + G w 
0 l O 1 2 0 1 :I 

Solving for y and w respectively: 

7 - ,0 ( 7 I - , )z 
0 I 

V - • ,, 
2 ,. 2 

70 - G ( 7 I - G )z 
0 I 

w = + 
G G 

2 2 

(3.5b) 
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If we co.n observe z, y, and w for all pairs of demanders 'and suppliers, then 
we could eslirnole: 

y = A 
0 

. 
+ A z 

l 
(3.6a) 

{3.6b) 

Suppose we also could observe t he marginal prices so that we could know Te 
and -, 1 • The issue is whether t he , and G parameters of supply and demand 
could be identified. If t he proble m is only with the use of estimated prices, 
the equations should be identified, 

For the data to be consistent. with both (3.5a) and (3.6a), it must be true 
tha t : 

70 - , 
A 

0 (demand) = 0 ,2 
71 - II 

and A 
l = 1 ,2 

Similarly using (3.5b) and (3. 6b), it follows that 

..,0 - G 
D = 

0 
(supply) 

0 G 
2 

.,. 1 - G 
D 

I 
= 

l G 
2 

For both d emand and supply, there are three unknowns and two equations. 
The parameters of the structural equations are not recoverable. The 
identification problem posed by Brown and Rosen (1982) ia not a result of the 
need to estimate marginal prices. Identification, in this caee, remains a 
problem even when the price gradient is known. The identification problem is 
deeper, lying in the amount of n onlinc:'lrity in the h cdonic and structurnl 
equations. 

. J 

Of the three potential identification problems facing hedonic models, we 
have shown that the first two arc merely surfttce react.ions to the third. The 
simult.&neity oi demand and supply and the uae of e s timated prices in the 
structural equations are special problems in hedonics only to the extent that 
they r eflect the problem of aimultaneity between price and ehift variables. 
The problem with aingle market data is that prices and exogenous atructural 
shift variables vary together t hroughout the sample. In this •ection, we 
explore the a ssumptions about functional form which are necessary and 
sufficient to identify structural equations with data from a single market. By 
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r e~ldclipg the pe r mitted func tio nal form of the struc t ural equa tions, the 
non linear ity of marg inal prices can be used to identify the price and shift 
p~ll°o.meters of bo th d e mand and supply. The identification approach must be 
u sed with great cautio n, however, because the true shape of supply and 
demo.nd fu nc tions are oflen unknown and so the necessary restrictions ma)' be 
unjus t ified. 

Let us assume we observe a set of constant marginal prices Pi(Z) for a •• 
single good or characteristic z. The characteristic could be a typical measure 
o! quo.lily such as the number of bedrooms in a house or the horsepower of a 
car. As disc ussed by Rosen (1974), we assume the price gradient is the 
equilibrium of a multiplicity of supply and demand curves. Each actor is 
assumed to be a price taker (more precisely, a price cradient. taker) in that 
the price gradient is determined exogenouely to the actor. Consumer• are 
assumed to maximize well-behaved utility funct.tona subject to . the budget 
constraint imposed by their income and all market prices (including the price 
gradient). Similarly, suppliers are assumed to maximize their profit.a subject 
to technology, input prices, a nd the price gradient (output price schedule). 
In addition to observing t.he price gradient, let ua assume we observe \he 
demand (y) and supply (w ) shift. variables of, rtslilpectiv~ly, 68ch purchaa.er 
and producer int.eractina in t.hia market. 

As Hall (1973) has shown"' maximization of utility subject to a nonlinear 
budget constraint is equivalent to maximization of utility wit h r espect to a 
linear budget constraint which ia tangent to the nonlinear const.r .aint at the 
optimum bundle z•. Assuming second order conditions are satisfied, the 
behav ior ot the cons umer can be described in t.erme of a set of simultaneous 
equations: 

p : F(z·*,y) 

P : Pi(Z*). 

(3.7) 

(3.8) 

The firs t equation is a trad itional inverse d emand func tion defined over a 
linear budget constraint. The second equation adjusts marginal prices to keep 
the i n d ividual u pon the nonlinear budget conatraint. 2 Together, these 
equations characterize a consumer's behavior s ubject to the price gradient 
pj (z ). A pare11P-l c:onstruction ia clearly possible upon the supply aide 
generating: 

- - ,..,_ .• ... , 
p : Pi(Z*) (3.10) 

where G(z,w) is the inverse aupply curve assuming constant output p rices and 
(3.10) is the aame price gradient as (3.8). 

For the demander& and suppliers r epresented by (3.7) and (3.9) to have 
produced the price gradie_n t (3.8) or (3.10), it must be t.rue that. 

Pi (z* ) = F(z*,y) = G(z*,w). (3.11) 
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for each obse1·ved level of z, the buyers should have the characteristics, y, 
which Y.:ould gcnernlc a murginal willing ness to pay al p1(z). Similarly, the 
sellers should be observed to have characteristics, w, tor a marginal 
willingness to sell equal to Pi(z). This consistency requirement. (3.11) is the 
E-ource of the identification problems iTlher e nt. in a single market. 

Given heterogeneous actors in the market and a single price gradient., 
the only consiste nt r eason agents c hoose ditterent bundles is because of their 
shift variable.' Let us assume t hat each shift variable 7 or w has a 
monotonic effect on demand or supply, respectively. Holding the price 
gradient constant and simply varying y (or w ) would result in a monotonic 
relationship between z and the level ol 7 (or w). For example, as income 
increases, consumers purchase more of each normal good and lees of each 
inferior good throughout. t.he range of observed incomes. Let us describe t.hia 
expansion path in terms of a function •(•) and >.(·) for d emand and supply 
respectively: 

z = •(y) (3. 12a) 

z : >.(w). {~.12b) 

Because •(·) and >.(•) are monotonic functions, their inverse must exiat. Let ua 
define this inverse as: 

y = A(z) (3.13a} 

w : D(z) . (3.13b) 

The solution to (3.11) is (3,13a) and (3.13b). The s hape of A and D 
d e p end upon both the shape of the price gradient and the functional form of 
t he u nderlying structural equations. Substituting (3.13a) and (3.13b) back 
into (3.11) provides a framework to analyze the identification issue: 

Pi(Z) : F(z,A(z)) : G(z,D(z)). (3.14) 

Intuiiively, the problem with single market data is that exogenous • hift 
variables and prices are functionally related. It is as though one chose a 
sample deRistn RO that for every increasinK level of price there wouid be an 
increasing (or decreaainar) level ot the ahitt variables. Separatina- out the 
effect of prices from that of shift variables becomes d ifficult. For example, 
. .. ~, , .... ...... ~ . .- • ..,. .., ,_..,.,J __ .... .-a...,,. ••-..- :.,'°"1...,. o:,...,.i,-1- .,..~.,.y"• ~ ~ • -"' ,.._9' .,_," ~f"W"'\,..~,....,t.-,rf 

by a single monotonic curve in thre.e dimensional good, price, and • hift 
variable apace. An infinite number of structural equation surface• could fit 
thi~ single nonlinear curve. Further, even in the neighborhood of the 
observations, the set of conaiat.ent atructural equations can have widely 
differing p roperties. 
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In order to a nalyze how nonlineclrily can yield identification, it is 
neccs~ary to characterize nonlinearity in concrete terms. Let us assume, 
therefore, that. each function is a polynomial: 

I i - 1 
p . (z) = .i:17.z 

l. 1.= l.. 

J,K j-1 k-1 F(z,y) = .tk P. k z y J, J, 

L,M i-1 m-1 G(z,w) = t g. z w 
i 1,• ,m 

where -Yi, Pj,k, and gi,m are all constants and I , J, K, L, and M repreaent the 
number of nonzero terms in each expression. Let. us further a88ume that A(z) 
and D(z) can be written: 

N n-1 y = A(z) = E a z 
D D 

I 0 
w = D(z) = t d zq-l 

q q 

Substituting the above expressions into (3.14) yields: 

I i-1 - J,K j-1 (N n-l)k-1 
t 7l.. z - .tk P. k z Ea z l. J, J, D D 

L,M 
= .. E g. 

i,m i,m 
i-1 z {

Q -11m-l 
t d z4 
q q • 

(3. 15) 

Since the above e quations must hold tor all levels of z, the coefficient for 
each term zi-1 o n the left- hand aide must equal the sum of the coefficient.a 
•""'• '-htw ._IJ••""- -,-,v•aYl,!&6 ""-'• ... ¥4 4. """'' ",U.,_, ''6,U4. ", ,~,,u '"'"'-'"- i.J.;,. ,-...J..J~J ci&6""6 ,.., ...... ...,,. 

For example, associated with zl-1: 

There is a separate demand and s u pply side equation for each power of z. 
Compressing this information in met.rix notation y ields: 
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7 = AP and 

-, = DG 

(3.16a) 

(3.16b) 

where 7 is a Ixl vector, fJ is a JKxl vector, A is a matrix IxJK, G is a vector 
LMxl and D is a matrix IxLM. 

The clue to the identification role of nonlincnrity lies in (3,16a) and 
(3.16b). The parameters in 7 are observable; they simply- reflect the price 
gradient. The parameters in A and D are also known since these reflect the 
observable expansion path between y or w and E, What is unknown are the 
parameters in I and G. Solving (3,16a) and (3,16b) for I and G yielda: 

p = (A' A)-• A'7 

G : (D'D)-1 D'7. 

(3.17a) 

(3,17b) 

A necessary condition for solving (3.17a) and (3.17b) is that there be aa many 
equations as there are unknowns. Thus, for a unique solution, 1 > JK ana 1 > 
LM for the demand and supply side, respectively. The n umber of nonzero 
terms in the price gradient must be equal to or great.er than the number of 
nonzero terms in the structural equation. 

A sufficient condition for' solving I and G in (3.17a) and (3,17b) ia that 
the number of linearly independent rows in A and D equal or exceed the 
number of parameters to be estimated. That ia, the number of linearly 
independent parameters in the price g-radient must exceed the number of 
parameters which must be estimated in the atructural equation•, 

These simple results can easily be extended to incorpor:at.e vectors of 
characteristics or demand and supply shift variables. Correspondin•ly, 
nonlinearity can be measured by the increased number of parameter• in the 
price and structural equations in these more complex models. For example, 
instead of the demand parameters fl being JK, they could be expanded to 

f JKi with N characteristics. 
l 

Adding interaction terms among the characteristics would complicate the 
model further requiring even more parameters to be estimated. Interaction 
f,-rmc: ,.,.,._ ... ~~ f,.. fl-,,.. ..,..,..,l~.,,,.. .... H.. ,.,# ,,.ith,-.- • l-,~ ,..,r;,..,.. ,...,,.,.~,.. .... • ,..... •h"' 

structural equations. A:;ach function could not only include • in.le power• of 
each characteristic but also multiplicative terms amoncst t he characteristics. 
For example, t he polynomial of each function could include all terms whose • um 
of exponents does not exceed a parameter, r . As an illu• tration, a price 
gradient with two characteristics and an exponent limit rp = 3 would include 
the followin• t.erma: 
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Fo r any -polyno mia l with N charac teristic s and r exponent limit, the number of 

l ~nns woul d be: rN + i f l (i-1 ) j~l ( j - 1) . 

The s ol u tion t o lhis more difficult problem can be written in terms of 
equations (3.16) and {3.17) by redefining the individual vectors and matrices. 
A, 7, and P \.\ CJuld have the folJowing dimensions; 

N r N r/J 
A: r N + . tl ( i - 1) 7 (j- 1) Xr/lN + . tl ( i-1) (j-1) ,J=i .tl 7 1 = J= 1.= J= 

N r.,, .,, : l X r'N+ . tl (i- 1) .tl (j-1) .,, 1= J = 

N r, . 
fJ: l X r,N + ih (i-1) j!l (J-1) 

where r 7 is the exponent power of terms in the price ~radient and rfJ is the 
exponent power of terms in the demand equation. A parallel transformation 
would occur in the supply side. There would be a separate equation for each 
of the N characteristics in z. 

The solu tion for fl and G can be characterized by (3.17). The neceasary 
condition is that the number of nonzero ter ms in t he price ~radient b e equal 
to or great.er than the number of nonzero terms in the structural equation. 
The sufficient condition is that the number of linearly independent nonzero 
tern,s in t he price gradient exceed the number of terms needed for estimation 
in the structural equations. 

To illustrate how nonlinearity can lead to identification, we r eproduce the 
Bro wn and Rosen model but allow t he marginal price gradient lo b e q uadratic: 

Pi(Z) = 'Yo + 71 z + 'YaZ2 
• 

As shown in Section 3.3, suppose the demand and supply curves are: · 

(demand) 

• a • ti II 

Utilizing (3.11) and the above equations, it ie evident that A(z) and D(z) must 
b e q uadratic : 

.,, - fl 0 

I 
')' l - II 

l I;: l 
a 0 l (3 . 18) y = + 

fJ a 
z + z 

/1 a 

.,,0 - G 

+ [ 
')' l - G 

l +I~: l a 0 l 
w = G 

z z • 
G 

2 a 
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Given obse r vatio ns nbout y , w a n d z, l h is quadratic expnn s ion path could be 
estimated: 

Y = Qo + q,z + Q2Z
2 (3.l 9) 

Fo r Lhe data to be consistent with (3.18) and (3.19), it follows that: 

')'o - fl 
0 70 - G 

0 
= 

fl2 
qo G = d 

0 
2 

')' I - fl 
I 7 0 - G 

fl,. 
= qi G 

2 

I = d 
I 

7 2 7 a 
d = 4,. = 

fl ,. G 2 
2 

With both demand and supply, there are three equations a nd three unknown•• 
The underlying shift parameters can be recovered from t he observable data 
because the nonlinearity of the price gradient is at least as great aa the 
number of nonzero parameters which had to be estimated in lhe • t.ruct.ural 
equations. 

Another common assumption made in t.he early hedonic liter ature is that. all 
persons are the same. If all persons are the same, there are no structural 
parameters to estimate and the number of terms in the price gradient will 
always equal t he number of terms in the structural equation. In fact., the 
struc tural equation will always be the price gradient in this case. Rare 
indeed are the circumstances where this i s a legitimate assumption. 

A more reasonable a ssumption was suggested by Quigley (1982). To aort 
between income ahift e ffects and prices, Quigley suggests assuming an income 
or shift elasticity of one. With the resulting homothetic preference restriction, 
the information in a single market could be used to measure the residual price 
effect. 

Contrary to Quigley' a assertions, however, his approach does not 
generalize to more complica'ted preference maps. When income elasticitiea as 

t he underlying demand or utility parameters. 
assured whe n the income elasticity is c hosen 
simultaneously . estimat.ed a long with the price 
data. 

3.5 Conclusion 

That is, identification is only 
by a ssumption, It cannot be 
elast.icit.y u11ing aincle market 

Section 3.4 ilJustrates the sufficient and neceaaary conditions for 
identification of atructural equations using the nonlinearity of a sincle price 
gradient.. If the· number of terms in the structural equation is limited to the 
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number .of linearly independent terms in t.he price gradient., the parameters of 
the structurttl equation can be identified. Additional terms are possible from 
higher powers of each characteristic and also from interaction terms amon• 
the characteristics. 

There is information about the behavior of consumers and suppliers in a 
single market. The information, however, is nol as complete as in the multiple 
market case. Consequently, it is necessary to restrict. the functional form of•• 
the structural equations to permit use of single market data. If euch 
functional form restrictions can be justified (for example by being tested on 
mutliple market data), then single market. data analysis could serve ae a useful 
supplement to multiple market analyais. All too frequently, however, 
assumptions about functional form are made tor convenience only. If the true 
functional form has too many parameters to be identified with data from a 
single market, arbitrary restrict.ions ot functional form will produce arbitrary 
results. No malt.er how well the unidentified functional for m fit.a the data, the 
results would not necessarily approximate the truth, even in the neighborhood 
of the observations. Although the choice ot functional form for e stimation 
purposes may or may not be a serious issue, the same choice of functional 
form to justify icieniification is always critical. Given how little is known 
about the true shape of structural equation• and how important that 
information is to single market analyses, practitioner• should b e highly 
cautious a bout using single market data to reveal structural equation&, 

If possible, analysts should turn to multip le market examples, either 
intertemporal or cross-sectional. By varying the _price •radiente tacin• 
individuals, one can break the functional relationship s A(z) and B(z) between 
prices and exogenous variables which plague- sin•le market data. In fact, it is 
only the existence of exogenous variation of price •radients which prevents a 
much larger set of papers in the labor, electricity, and urban literature from 
falling prey to the identification problem diacuased in this paper. 

There are several papers which have utilized multiple markets to properly 
estimate hedonic structur al equations. Palmquist (1982) uses housing data 
from several cities to estimate the demand for housing characteristics. 
Mendelsohn (1980) uses wor kplace location to identify spatially separated 
housing markets tor estimating the demand for housing characteristics. Brown 
and M,..nci,.lc:nhn (19A4) usf! re~idential H\l;~rs to estimate the demand for 
recreation characteristics. 

... . ' . . ' - ... 
subdividing a single market into independent aubmarkets. For example, Kin• 
(1976) and Strazheim (1973) attempt to estimate t he demand for houaina 
characteristics by ass uming that d ifferent towns within a sinjCle metropolitan 
area are different markets. Unfortunately, t he- choice of whether to live 
downtown or in t he auburbe is •enerally made precisely because of the 
housing characteris tics. The assumption that tliese are independent markets 
will frequently be inappropriate. Single market identification cannot be 
corrected by arbitrarily subdividing the market into smaller aubmarketa. 
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CHAPTER 3 

FOOTNOTES 

School of Forestry a nd Environmental Studies 
Economics, Yale University, Many t.hanks go to K, 
administrative s.upport and substantive comments. 
t hank Michael Hanemann for hie helpful criticisms. 

and Department. of 
E. McConnell tor his 
I would also like to 

In addition to the marginal price e ffect, there is also an income effect 
associated with the chan~e in inframargi:nal prices. For most examples, 
this in~ome effect is a·maJl and for expositional simplicity it is omitted in 
the following disc~_~sion. 

If all consumers are alike, the pdce gradient would refiect a compensated 
demand function. If ell suppliers are alike, the p rice g radient. .- would 
reflect an iso-profit supply function. It both consumers and suppliers are 
alike, only one bundle would be transact.ed, Although perhaps extreme, 
these assumptions prov'ide an example of how demand and s upply can be 
estimated by restricting the model. 
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CHAPTER 4 

IDENTIFICATION OF THE PARAMETERS OF THE PREFERENCE FUNc°TION; 
CONSUMER DEMANDS WITH NONLINEAR BUDGETS 

K. E. McConnell and T. T. Phippsl 

4.1 Introduction 

The hedonic approach has become widely accepted as a method ot 
modelling quality choice in a market .where prices reflect quality. A problem 
which arises in practice with the hedonic technique is the recovery of 
information about. preferences for the quality ot .roods. SQlutions to thia 
problem, t.he so-called identification problem, have evolved from the init.ial 
suggestion by Rosen that exogenous market supply will solve t he ident.iticat.ion 
problem t.o arguments QY Diamond and Smith (1985) for the use of multiple 
markets. 

Despite the evolution of solutions to the identification problem, there la 
still a good deal of uncertainty about the iasue. Thia uncertainty exiata in 
part because there is lit.t.le , agreement on criteria for identification, and 
perhaps more fundamental, there is seldom explicit discussion ot p recisely 
what is being identified. For example, Brown and Rosen (1982) tie t.he 
identification problem to definitional links between marginal p rices and quality 
levels, but. give little guidance as to the precise nature of the f unction bein& 
estimated. Quigley (1982) derives the structural equation• from explicit utility 
maximization, but does not deal with the potential for underident.i.fication in 
this context. Thus, while there ,are many contributions on the identification 
problem, they tend to be fairly d iverse in their statement of the problem and 
their approach to solutions. 

The purpose of this chapter is to explore the problem of identifying the 
parameters of hedonic models in a framework consistent with choice theory 
end thP. sf r11rfurP. of preferences. Our point of dep11rture ;~ thnt empirical 
hedonic analysis using observations on individual purchases (prices and 
attributes of goods) is stricUy a problem of consumer demand analysis with a 

... , . ' t • ' "·· " • • • , i .:.•. . l ,c 

econometric model relating to consumer•' choices. The advantage of deriving 
the econometric s tructure from the household'• utility maximization problem is 
two-fold. First, b y u tiJiz;ng the household model, we sec exac tly what the 
endogenous variables are and where they come from. Second, by requiring 
the household's maximization system to fit ink- a traditional econometric model, 
we avail ourselves of the use of traditional econometric criteria for 
identification. 

Deriving the econometric structure from the houaehold's choice problem 
provides considerable u nifying insight into the identification problem. Among 
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the insights lhis approach allows are: 
the Rosen two step approach r equires restric tion assumptions about. 
errors and preferences; 

- parameters of the hedonic price cquut.ion as well as the i,re?fcrence 
funclion are subject to underidentificalion; 
successful estimation by maximum likelihood is evidence of identification; 

- the linear hedonic price equation can be used in some cases in a single 
market setting. 

An especial advantage of the approach of this chapter is that it allows ua to 
assess identification ot' parameters in single and multiple markets with the 
same criteria. 

The chapter proceeds along the following line. In the next s ection, we 
develop the structure of choice for households with · nonlinear bud.et. 
constraints. This section is crucial because there we show precisely what. we 
a re seeking when we solve the ident.ificat.lon problem. In aect.lon 4.3, we 
explore identification in the single market, showing how v arioua criteria tor 
identification can be used. In sect.ion 4.4, we address the use of multiple 
market data. Section 4.5 concludes the chapter with pessimistic argumenta 
about the prospect of recovering parameter• of preferences in hedonic 
market s. 

4.2 The Structure of the Problem 

In this · section, we attempt' to .rive a clear statement of the identification 
problem in hedonic markets and show briefiy how others have addressed and 
solved the problem. The analysis assumes the exi• tence of a hedonic market 
where buyers and sellers compete - tor the purchaae or Nie of a good with 
several attributes. Assumed measurable, these attributes are denoted ,;. The 
existence of this market implies a hedonic price equation: 

p = h(z; 7) (4.1) 

where p is the price of a unit of the good, z is a K-dimenaional vector of 
attributes of the good, and 7 is a vector of parameters which describe the 
function h . This equation gives the amount households expect to pay and 
firms expect to receive for units of the good characterized by t he attribute 
vP.ctor z. Perfect compr.tition is assumed, i.e. , buyers and sellers trP.at the 
hedonic price function as given. They cannot influence the parameters ,, but 
they can influence the price by the selection of z. 

Our interest is in preference• for attributes. It is assumed household• 
have a well defined preference function, designated U(x,z;I') where z ia a 
m~ksian bundle with a unit price and , is n vector of parameters describing 
pref ere nee.a . Houaeholds choose levels of the vector z and the compoeite 
commodity x to maximize U(~,z;,) aubject to the budget constraint 7 = z • 
h(z;7), where y ia household income. Equilibrium condition• for the optimal 
choice of t he attribute vector b y the household include 

lh(z;z) = lU(x,z;f)/IZj 
•zi 1U(x,z;ll )/1x 
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This condjlion slnl.es that the marginal price of the ilh attribute equals the 
mar gin3l rate of substitution between the ith attribute and the numeraire 
~ood. Much of the hedonic liicroture presumes that s olutions to the 
e q uilibrium condition (4.2) exist in the form of direct or inverse functions for 
z onci focuses on the estimation of the presumed demand functions. 

We now have suffic ient structure to give a clear statement ol the 
idcnl ificat.ion problem. Given observations on household purchases, 

Ca n we recover the vector of parameters, P, which describes house­
hold preferences? 

The identification problem is solved when we have enough of the parameters 
of U(x,z;P) to calculate the change in a household's welfare from an exogenous 
change in the attribute bundle, given income. 

The identification p roblem in hedonic markets is different from the 
proble m typically encountered in simultaneously estimating supply and 
demand func tions. The general problem of estimating supply and demand 
functions arises with three types of data set.a. First.,· one can use aggregate 
market data to estimate these functions. An identification problem ari• es 
because market price is simultaneously determined with aggregate quantity. 
Second, one can estimate parameters of supply and demand using individual 
data on quantities and prices for firms or households whe n individual actora 
are price takers. There is no identification problem in this set.Ung becauee 
price is exogenous to the individual quantitiea chosen. Third, one can 
estimate behavioral functions from disaggregate data when individuals are not 
price takers. In this case, where,- there are monopolistic or monopsonis tic 
elements, t he same type of identilica,tion problem found in hedonic models is 
encou ntere d. 

The consequence of the identification problem is that parameters of 
preference (P's) are confused with parameters of t he hedonic price equation 
(r's) . This is similar to the proble m in separating tastes and technolo.ry in 
the household production f unction. a For econometric purposes, t he structures 
of hedonic models and household production models a re quite similar. The 
rnost import.ant d ifference between the two structures is t hat the . b udget 
c-n ns t.r aint from the household production function must. be t".onvex, because it 
resuJls from a household minimization problem. The hedonic price equation is 
not constrained to be convex by any market for~s, and as we diacuss in 
_ , ,.. ! . • ' • , . . ~' . - .- .. . . 1 •, ! ; r,. ·, ,., , •. ~ 

when it comes to measuring welfare changes. 

We h ave d ef ined the identif ir.etion in hP.donir. markets to be t he recovery 
of the parameters of t he preference function. Since the literatur e t.7picall7 
discusses identification of the parameters of demand functions, we ezplore 
briefly t he distinction. 

Recall the equilibrium conditions for an optimum aa: 
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c1h (z ;-,)/•z. 
i 

For ease of nolal ion, denote 

c1U(x ,2;P)/c1z . 
i = -----,----cJ U ( x, z; P) / ax 

,u(x,z;fJ)/az . 
i 

mi (x,z;fJ) • cJU(x,z;P) / •x 

i = 1,K (4.3) 

The equilibrium condition requires marginal price to equal the marginal rate of 
subs t.it.ution bet.ween the at.tribute and the numeraire .rood. We may denote 
mi(x,z;fJ) as t he margina l r ate of substitution function. It la this function 
which is the so-called deman d function tor at.tributea or the " hedonic demand 
function". 

Th e marginal rate of substitution function differs from the inverse demand 
f unction. Further, when the budget constraint la nonlinear, neither the direct 
nor inverse Marshallian demand functions exist as solution• to the conaumer'a 
maximization problem. These points are crucial because they bear on 
estimation, interpretation and welfare measurement. First, consider the 
difference between the mi function for the hedonic problem and the 1th 
inverse demand function from a traditional linear budget constraint problem. 
In the traditional problem, the consumer chooses levels of a K-dimensional 
vector x at constan t prices p in order to 

max{U(x) I px - 7 = OJ. 
X 

Then the inverse demand functions are (where Ui • IU/ •xi) 

pi 
- = U. /E U.x. 

y i j J J 
i = l,K (4.4) 

by Wold's theorem. Thia problem has prices as parameters and has been 
completely solved. In contrast, the marginal rate of substitution conditions 
for the same consumer are 

i = l,K. 

These are equilibrium conditions which have not been solved to eliminate the 
' . . . ' 
demand f unctions have entirely differe nt implication s for estimation and 
welfare calculation. 

Fo:- the individual household, the nonlinear hedonic price function creates 
a nonlinear budget constraint. There are two consequences of a nonlinear 
budget constraint for the utility-maximizing or , coat-minimizing houaehold. 
First, Ma rshallian and Hickaian demand curves _as traditionally conceived, 
whe re price taking cona',lmers choose quantities (utility or income held 
constant) do not exist. These demand concepts depend entirel7 on the linear 
budget constraint. or prices-as-parameters paradigm. Second, the eolution of 
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lhe f in;l .o r der o r e q uilibrium c onditions giv es quantitie s demande d of t.he 
nllributes as a fun ction of t.hc parnmctcrs of t.hc hedonic price equation -
well as income a nd other exogenous variables. 

Traditional demand func tions, both Marahallian and Hic ksinn, rely on the 
happy coincidence that. some of lhe parameters of the consumer's maximization 
p roble m arc the price s of the goods. It. is always correct. t.o solve for optimal 
q uanlilie s o f the goods (or at.tributes) as functions ot parameters. But onb' •• 
when these parameters are also per unit prices will the traditional demand 
functions, wilh all their well known properties, emer•e• The failure of these 
traditional concept.a t.o hold when the budget constraint is nonlinear can be .· 
shown intuitively in two ways. First, one can attempt the mental experiment 
of asking: If the price were $p, how much would be consumed? It is clear 
that asking this question when the bud.et constraint la nonlinear require• 
one t.o know already how much is being chosen. The absence of a traditional 
Marshallian or Hicksian demand when the budget con• t.ra.lnt is nonlinear I.a 
analogous t.o the absence of a supply curve for a monopolist.. Both concept.a 
require that prices be parameters. When prices are not parameters, neither 
function exist.a. Second, one can construct examples, (aa in the appendix t.Q, 
this chapter) , given preference a nd cost functions, which show that qua n tities 
depend on paramelers and not. o n average or marginal price•• Similarly, one 
can also show t.hat well-behaved inverse demand functions are not defined tor 
nonlinear budget constrainta. 3 (These result.a on Hickaian and Marahallian 
demand functions are developed in more detail in Bockstael and McConnell, 
1983.) .· •• 

Consider the equilibrium conditions (4.3) again. In principle, when 
combined with the budget constraint, these conditions can be solved for z a nd 
x. If the derivative on the left hand aide of (4.3) were constant, i.e., the 
hedonic price equation is linear, then the solution of (4.3) would be a 
traditional demand f unction. The existence of a traditional demand function, 
with ;,rices as parameters; is assumed in moat hedonic work which pursues 
Rosen's second step. However, when h(z;7) is nonlinear, the parameters and 
exogenous variables o n which z depends are income and the parameters of the 
hedonic price equation, so that the solutions for quantities chosen are: 

. ' T"\ • - , J ~ a f • ' • I •- - ~ . 1 
, . . 

{4.5) 

(4.6 ) 

,,.., .. , ~. ,.. .• i . _,. 

Marshallian only in that they depend on parameters. But they do not depend 
on prices. 

The solution tor z is a demand function in that i t describe• how choices 
depend upon parameters. Because prices are not parameters, they are not · 
arguments in (4,5) and (4,6). When the bedonic price equation changes, the 
vector 7 changes, and households respond. Expreeaiona (4.5) and (4.6) are 
reduced form equations. Estimating these equation• allows one to make 
predictions of E and x. But succeaaful estimation of (4.5) and (4.6) eolves the 
identification problem only when the parameters of the hedonic equation and 
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the pref~rence function can be deduced from the reduced form parametera. 

The conclusion of this section concerns the question "what are we 
seeking?" when we attempt to identify demand structure in hedonic models. 
The answer is that we are seeking to identify ihe marginal rat.e of 
substitution functions. These functions are demand relations only in the 
sense that the y equal marginal price at optimum. The true demand functions 
can be solved for only rarely; hence, the e q uilibrium conditions must be 
estimated . There are at least. two practical conse quences of this result. For 
estimation purposes, the structural equation must integrate back to a 
quasi-concave function, ruling O)Jt most polynomials. F urther i t will in general 
include the hedonic p.rice as an •ra ument. S.econd, when computing welfare 
changes, one must either start with a utility function and derive the implied 
marginal rate of substitution func'tions or start wit.h the mai-gtnal rate of 
substitution functions and derive 1.he appropriate welfare funct.iQn•• We have 
also explained why we !\ave framed - the proble·m as one of recovering the 
parameters of the preference funet.ion. These parameters are embodied in the 
marginal rate of subsjJtution functions. Traditional Mar,,aha llian a nd Hickaian 
dfrect and inverse demand functions .do not exist as solutions when the 
hedonic equation is nonlinear. 

In the following sections we diseus·a the identification problem for two 
kinds of hedonic models. Tb,e first deals with simultaneous estimation o f the 
hedonic p.rice equation and ·t.he marginal. rate of substitution functions for a 
single market. This arises ,when both hedonic parameters and preference 
parameters are estimated from the same set of transactions data. 
Identificatio.n criteri~ 'are ·derived for . models. that are linear and nonlinear in 
parameters. Within the single market, we consider two special cases: the case 
of the linear hedonic equatfon and the case when the he.donic parameters are 
available from an alternative sou:r:ce, and only the preference parameters are 
estimated. The second kind of hedonic model concerns identification from 
multiple markets. 

The criteria we develop are based on the econometric theory of 
identification of the paramete.rs ef linear and nonlinear a7.stema. Hence, t.he 
ide-ntifiability of a system will be determined by the restrictions we impose, 
i.e. , homogeneous and nonhomog'eneoua parameter restrictions, across-:equation 
parameter restrict.io.ns, and the Rpecification of th.A functional for-m of the 
hedonic and marginal rate ot substitution equations. It is shown that, unlike 
the traditional problem of id.ent-ifying supply and demand e quations by 
,,,.. . . , . . . .1!- .,. .. . - .... . !• ' ' ·~··· ,. . .. ' . . ' . . . . 

identifr hedonic model~. Identification of the parameters of hedonic models . 
generally involves the imposition of untestable restrictions on the functional 
forms ot the equations of the system. 

4.3 .Sin-gle Market Approac·hes to Identification 

Thia section presents an approach to . h,edoriic models which views the 
Ul8rginal rate of substitution function.a as. part ·ot a system. Here we are 
i n terested in bedonic analysis of d.bser:vations on prices and attributes of 
goods which come from sales transactions. We can then be confident that 
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when the irndilional hcdonic elory is told, prices and attributes will be jointly 
dependent. This section presents an npproach to identification that brings ua 
closer lo the question of whether it is poi:;sible to identify the parameters of 
concern. 

Let us construct the econometric system. The maximfaation problem, when 
z is a scalar, 

m~ {U(x,z;P)ly-h(z;7) - x = O} 
x," 

has three first order conditions 

y - h(z;7) - x = 0 

and three choice variables (x,z,~). The ratio of the firat to the second yields 

where m(·) is the marginal rate of substitution func tion. Defining p • 7 - z 
and substituting x = y - p for z wherever it appears yields two unknowns 
(z,p) in two equations 

p = h(z;7) 

These are the two structural equations of the consumer' s optimum. For the K 
attributes case, there would be K+l equations a nd K+l unknowns, but the 
basic arguments r emain. In analyzing transactions data involving prices and 
attributes of goods, we should treat these variables as jointly dependent. 

This clla1·~cteri:.u:ation ot the at.nu.:Lure is significantly different from the 
standard hedonic literature. Typically, both a aupply function and a demand 
or mar$!inal rAte of 11ubAtitution function are specified, with 2: and lh/12: a a 
........ ..,6 '-'J•vut.. \..><=1,; ,v,· t.:A.iaw.,.u~, .:,, lw~""' .a.~,-., u.a· J;), vwu euu.a .b, kuJ111~u, .l~b4'.) 
At the margin, t.he hedonic model is analogous to the typical market model o f 
supply and demand. While it i• intuitively appealing to utilize the market 
model of eupply price and demand price, it is misleading in the household case 
with nonlinear budget constraints. In the context of the individual consumer's 
choice, consumers are price schedule takers and we may aafel:, Ignore the 
modelling of sellers' decision&. In t h is context, knowledge of It and 1h/1z does 
r,ot allow the computation of utilit1 without. further information. In fact, 
knowledge of lh/•z is of po particular value to the consumer. It cannot be 
used to predict cons·umer choices or utility. 
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Accepting t hat z and e i the r p or x are endoge nous, one na turally asks: 
wh y not solv e f or z and x in terms of 1.he exogenous vnriablee? The answer 
is that it is easier s a id than . done. Solving !or z and x requires severe 
r estrict ion s o n the preference functions end the hedonic prioe equation. 
Moreover, it is of t en not possible to solve for z end x given even t.he simplest 
pre f e re nee func t ion and nonlinear hedonic price equations. (See the example 
in the a ppend ix to this chapter.) 

Becau&e we gene rally cannot solve for the endogenous variables, we are 
forced to estimate the equilibrium conditions. When we are anal.Yzin.r 
transactions data with observations on purchase price and attributes, we can 
capture the econometric spirit of t.he choices facing t.he consumer by 
specifying the following system: 

p = h(z;7) + c 1 

i = l,X 

(4. 7) 

(4.8) 

where 7 ie the unknown vector of parameters of t.he hedonic price function 
and P is the unknown vector of parame~rs of th~ preference lunction. The 

· endogenous variables are p and t.he vector &, and t.he funct.iona m1 are the 
marginal rate of substitution functions. Because the hedonic model ia not 
c ustomarily written as in (4.7) and (4,8), there ia litUe discuaaion of the 
probability densities of the c'a. Specifying the error structure in hedonic 
models should be an integral part of model construction. The error term in 
the hedonic equation may arise from errors in measurement, unobserved or 
omitted variables, and approximation errors due to lack of knowledge of the 
t.rue functional form of the hedonic equation. The error term iJ1 the mar.-{nal 
rate of subst.it.ut.ion equations may arise from the same type of miBSpecification 
encountered with the hedonic equation, though we have the additional problem 
of unobserved variation in tastes across households. The errors are econo­
metrician's error• rather than atochaslic elements in household-" behavior. No 
prior reatricliona are obvious, • o it makes • enae to specify them as having 
mean zero and constant variance. 

The general hedonic model to be estimated is the ayatem (4.7) and (4.8). 
For identification, it is necessary to determine whether: 

- The parameters of the hedonic price equations are identifiable; 
- The parameters of the marginal rate of substitution f'unct.ion are 

iden t.i.fiable; 
rri..,.. .,. .... _____ _ .• ,...,..,... _ .,. ,1,. .,. ... ,. , ~_ ,_ . •• . •,.... a • ~-, . -~ ' ·.• ~,-• . ', .... 

The focus of the identification debate has been whether parameters relating to 
,individual behavior (here the marginal rate of substitution function) can be 
identified. It perhaps makes more sense to ask whether the hedonic structure 
or the system aa a whole can be identified. Several dimensions of the hedonic 
model warrant ·attention. 

- T·he model almost certainly will be nonlinear in variables; 
For moat preference functions, the model' will also be nonlinear in 
parameters; 

- There may be shared parameters in different equations or 
cross-equation parameter constraints. 
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4.3A. Mo<;lels Linear in Parameters But No t in Varia bles 

A sourc e of difficulty in identifying hedonic models is nonlinearity. For 
the case of mode ls which are 1linear in parameters, however, identification 
criteria are well es tablished, Suppose t.hore are M equations and endoge nous 
variHblcs. When there are K attributes, then the system (4.7) and (4.8) has M 
= K + 1. Ass u ming there are no jmplied equations, we Jet the syst.em be 
written 

Aq(w) : & 

where A is the M by N pa rameter matrix end q(w) is the N elemont vector of 
basic endogenous variables, exogenous variables, and functions of endogenoua 
variables, which are labelled additional endogenous variables. Let • i be the 
matrix of prior homogeneous restrictions tor the ith equation. With no implied 
equatio n in the system, the necessary condition for identifiability of the 1th 
equation is 

rank (• i) > M - 1 

when a parameter has been normalized. 
condition is 

rank (A• j) = M - 1. 

(4.9) 

The necessary and sufficient 

(4.10) 

The caveat that the conditions hold for equations with e normalized parameter 
is critical, for the marginal rate of substitution equation will be unnormalized 
of necess i t y. Normalization of a par~meter in the marginal rate of substitution 
function in effect dete rmines the relative value of coefficients in the utilit7 
function, and in many case:s places quite restrictive assumptiqns on tastes. 
For example, tor one at.tribute, when preferences are given by U(x,z) = , 1 1n z 
+ l'2 ln x, the marginal rate of s ubstitution function is c, 2 1,1 ) z/x. A 
normalizatio n of P:d#1 -= 1 determines all of taste.a. No estimation is then 
nec e s sary. 

When there ar.:e no normalized parameters, the necessary condition tor the 
identif ica tion of the ith equation is 

rank (• i ) > ·M (4.11) 

' • .J • , ,. ,.. . .~ .. 

rank (A• i) = M, (4.12) 

Criteria (4.9) ·and (4.10) can be used for the ,hedonic price equation, while 
criteria (4,11) and ('4,12) are auitabl~ for the marginal rate of substitution 
equation.• Observe. that by characterizing the hedonic p rice function and the 
marginal rate of a ubstit.u tion f unctions as the s t r ucture with p end E jointly 
endogenous, we uncover the possibility that the hedonic price e quation as well 
as the marginal rate of substitution equation will be underidentitied. This 
topjc i s e xplored in the foilowing chapter, 
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.. 

It is revealing to utilize these criteria in the one attribute example 
di~cussed by Br own and Ros e n (1 982). This example is incom;istent with the 
s p irit of Section 4,3 in that it doea not integrate back to a quasi-concave 
u tilit y function, nor d oes it contain p as an a r gument. However, it is useful 
because of its wides p r ead consideration in the literature. Let 

end 

Then q(w) = (p z 1 y z 2 /2JT and 

with 

and 

A = I ~ 

., =I~ 0 
0 

0 

0 
0 

1 

0 
0 

(4.13} 

(4.14) 

where the T indicates transposition. Both conditions (4.9) and (4.10) are 
satisfied for the hedonic price equation: 

r ank (• a) = rank (A• a) = 1. 

When we apply criterion (4.11) to the unnormalized r ate of substitution 
equation (4.14), we see that the rank (• 2 ) = 2, so that the necessary condition 
ho1ds. Howe ver, applying t he necessary and sufficient conditions yields 

rank (A• 2 ) = rank [ ~ 1' I = l < M = 2 

so t hat in tact the marginal rate of • ubstitution equation is not identified. 
This application of the formal criteria for identification leads to the same 
results as Brown and H, Rosen's analysis of S. Rosen's t wo- step approach. 

The standard linear restriction criteria developed by Fisher and extended 
to systems nonlinear in varmblea work as long as the constraint.a are • imply 
written. However, when more complicated information becomes available, these 
criteria are not applicable. S uch information becomes a vailable when the 
hedonic price function is known to be mor e complicated. For cases, which are 
still linear in parameters, the work by Wegge (1965) provides the baaia for 
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identificat_ion. Wcgge's criteria are similar in spirit to those o f Fisher, but 
allow for cross-equation parameter constraints and nonlinear constraints. 

Consider a one attribute example. Let the hedonic price function be 

{4.i5) 

With the some marginal rale of substitution function as in {4.14), the 
• equilibrium condition is 

(4.16) 

Utilizing the sufficiency criterion in (4.10) for (4. 15) we find that rank (A• 1 ) : 

1 so it is identified. Applying criterion (4.12) lo the unnormalized (4.16) we 
see that rank (A• 2) = 1, so that it is not identified. We have added 
information which should help u11 d·istinguish between the two structural 
equations, but the standard criteria imply that the second equation is still not 
identified. 

The intuitive explanation of this result comes from observing that in the 
system (4.15) and (4.16) there is a n exact ac.roea-equation constraint. U we 
write the A matrix 

A = [ ~ (4.17) 

we see that. au + 2a 1 6 = O. The, identifiability of this system can be 
determi ned by Wegge's criterion. Strictly speaking, Wegge's results apply to 
systems linear in variables. In most cases we can harmlessly convert 
nonlinear &yet.ems to linear systems by substituting palynomial functions of 
exogenous variables for t he additional endogenous variables. Our concern ia 
t.o determine whether the two equat ions are observationally equivalenL Le_t. T 
be any nonsi-ngular M by M matrix and let vec (TA) be the vector created b y 
taking TA one row at a time. If the two equat.io~s are observationally 
equivalent, cons t raints on A wUl aiso hold on TA. Let 

+i (vec(A)) = 0 i = l ,R 

be the vec•tor (!)f cona.t.rainta, including normalizations, across equation 
~., .. ~ft"l,..t~,,.. ,....,...._,,... ·~ t ,,...-.;..,fet ._,,,.. t,,.""'·~~f""I ,.""..,~"'''~ .,.....,,.,. .... ;,...t;"''"'$1 ,.,.,_..,.,- ~ 1,:r tl,11Do n,,mh•r 
of such constraints . Uefine the matrix J as 

I • . ( vec(TA)) 
1 

J ( T) = 1vec(T) i = l,R. 

Then a sufficient. condition for the identification of the system is that 

railk- (J(r)) = M3 
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where J is the M by M idcnt.ily matrix (see Wegge, Theorem II, p. 71). For 
\\'rgge's results, the constraints_ need not be linear or homogeneous. 

The constraints that are implicit in the A. matrix in {4.17) are 

• 1:81 1 - l = 0 

+a : 81 s = 0 

•:,: 821 = 0 

• 4: 2au + 8 24 = 0 
(4.20) 

• s:a2, = o. 

Computing J(I) • ivea 

J(l) = I 1 0 0 0 

-ra 27s 0 0 

l 1 0 0 0 

0 - 2,, -r.a 2·h 
0 0 -Ys 0 

(4.21) 

Denote by j* the matrix derived by deleting the first row of J. Then we find 
that 

det J* = -47s 3 

implying that the rank of j ia 4 = M2
• Hence the sufficient condition holds 

for · .this system to be identified. Note that the requ,irement that 71 s O ia 
(!•lite intuitive because when 7 1 = O, we have the model .given· b y (4.13) and 
(4 .14), which we have alr eady ahow..n to be underident.ified. An extension of 
this system to ·several attributes, while maintaining the basic · functional forms, 
will shew that the hedonic price equation will no longer be identified, a result 
discussed in Chapter 5. 

The conditions can be usefully applied in practice and can be easily 
generalized to the set.ting wher:-e there are aevera.l endogenous variables. The 
restrictions needed tor identifyinl' the marl'inal rate of e1,1bstit.ut.i<>n equations 
,., ..., """'..,_,.. ,.....,. ., .. _ ~-..,.-- :- ,... .. ;- "' r- --~•: .... " ·- :·· ·••" -•! p.,.._ . ,1 • ' . 1 . .. _ .. ; . 1! • .. ,; ;11 

be· s pecifie d empirically, typically using Box:,-Cox techniques. Thia lead• to · 
nonlinearity. 

4.3B Models Nonlinear in Parameter• 

Wh-ile nonlinear analytic tunctiens may be appl"()ximated as cloael7 aa 
desired by polyno·miala linear in parameters, man7 models are inherently 
no&1linear in the parameters.. Further, specifying the f.unctions as polynomials 
obscures the basic concavity or oonve:Jtit;y which economic functions typically 
possess. Polynomials cannot in general be integrated back to quasi-concave 
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p r eference funclions. Fo r exa mple, the marginal ra te of subslilution funclio n 
for the preference function 

U = P,ln (z - Pa ) + P3ln x 
is 

m(y-p,z;P) = PiYI P,(z - Pa} - /1,p/ P, (z - Pa) 

whic h is no nlinear in /12 • 

Hence, it is import.ant to examine the conditions for identifying this class 
of model. The approach used is that of Rothenberg (1971) and Bowden (1973). 
In addition to providing necessary and sufficient conditions for identification 
of a wide class of parametric models, their approach links the existence of 
maximum likelihood parameter estimates with identification, which may have 
some practical applications. 

The identification conditions have been stated most generally by Bowden. 
Let • be the vector of p_arameters to be estimated. (In the hedonic context • 
= (7,fl),) A sufficiertt condition tor local identification is that the information 
matrix have full rank when evaluated at the true parameter point (••). (See 
Bowden, section 3.) The nece• aary condition requires that, when •• ie a 
locally identified regular point,• t.he information matrix possess full rank at ••• 
The nonsingular'it.y of the information matrix is more useful in practice than In 
testing for identification on an a priori basis. 

The nonlinearity in paramelert1 makes the criterion difficult to apply 
analytically. When the model is nonlinear in parame ters, it would be most 
unlikely for the first order conditions to be linear in ••. Hence aolv in&' tor 
• • typically requires n umerical methods. Without explici1, solutions for ••, it ia 
not generally possible to determine analytically the rank ot the infor mation 
matrix. 

The requirement that a locally identified system _possess a nonsingular 
irtformation matrix has limited usefulness. From t he perspective of maximum 
likelihood methods, tbe ability to obtain unique parameter estimates is 
s u ffic ie n t to dt?mon.strate local ·identifiability. When a well formulated model 
has been estimated using maximum likelihood met.hod.a, one can argue that the 
identification problem has been aol:ved. However, the dimens iona lity and 

. .. . . . .... ... , .... ,., .... ,_...;._..,._ 

4.3C The Linear Bedonie Price Equation: A Special Case 

Research ~on hedonic models uniformly diemisse-• the case of a linear 
hedonic price equa.tion in a a.ingle market. There are good conceptual 
argument.a against. linearity. It implies that repackaging is possible. There is 
good reason to believe that two six- toot. Cadillacs don't ma'ke a twelve-toot. 
Cadillac . I ntuUively; it means that an individual can buy unlimited quantities 
of a single a ttribute without raising it.a marginal -price. Practiea.lly, a linear 
hedonic price function implies no variation in marginal prices. When t he 
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ma r ginal pr ice is endogenous, there is no variation in one o f the endoge no us 
vorioblcs. Ho wever, whe n we recognize tha t p and z are jo intly endogenous, 
the linear he do nic pric e equation is no longer a hopeless case. 

In the following, we show that it is possible to recover preference 
pi:irame lers from a single market.'s data, even when h(z) is linear. The 
purpos e of this example is not to provide new and practical approaches. 
Rathe r it is presented as an illustration of potential gains from characterizing 
z ond p as endogenous. 

Consider the system (which is again inconsistent with what. ut.illt.y 
maximization tells · us abQut the marginal rate of substitution function but ia a 
useful example) 

The parameter matrix is 

A = I ~ 71 

-fl, 

-Yo 

71 

(4.22) 

(4.23) 

In this model, there is an across ~quatione parameter constraint (au - au = 
0). He.nee we can use Wegge•a Theorem II (equation 4.19 above). There are 
four cons.train ta 

• 1:a,, - 1 = 

• a: 81, ·= 

• ,:au = 
• ,:a, a + a,, = 

Computing J(I) 88 given in (4.1,9) yields 

J ( I) 
= I ~ 
I 

u 

-'11 

0 

0 

0 

o. 

0 

0 

J. 

--Yo 

: l 
u l 71 

which has r ank = 4 = M1 because det(J(I)) = f/2 7 1 • O. Bence, we can obtain 
some information about prefere.ncea even when tho hedonic price equation is 
linear,. This information exist• because co,naumera with different incomes and 
equal prices purchase difterent levels of attribu.tes. Information about 
preferences can eome from obae.rving income eff ecta as well as price effects. 
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4.3D Ml.ldal Where the Parameters of the Hcdonic· Price Are Known 

For a variety of pruct.ical reasons, the researcher may wish to estimate 
the hedonic price equation and the marginal rate of substitution functions 
separately. As an example, one may h ave a hedonic price equation estimated 
from the Annual Housing Survey. This source of information would be 
different. from the individual transaction data and would suggest a different 
econometric structure. A reasonable structur e would be 

i = l , K (4.24) 

where now the endogenous variables are Zi, i = 1,K and p ia taken as 
exogenous. In expression (4.24) the 7'a are known numbers. 

The one attribute case is illustrative. Consider the quadratic hedonic 
price function - linear marginal rate of substitution function which · 1rives the 
equilibrium condition 

71 + 72Z: flo + /l,z + fla7 + C • 

Solving for z gives the reduced form equation: 

z = "o + "1 T + II , 

where 

/lo - 71 
ff = 

0 7 2 - 11. 

fl I 
ff = . 

l 7 2. -., l 
We have three coefficients (/lo, /l11 /12 ) to recover, but ·onl7 two reduce.d form 
parameters from which to find t hem. Hence we cannot identify the /l's aa m is 
specified. Prior information can obviously be u sef ul in identifying the /l's, 
even in the single equation caae. F0.r example, s u p pose t hat t~e marginal rate 
of substitution function is ~ven b7 

i.e. fJ 0 : O. Then the reduced form remains the same but the Iii may be 
recovered from- the relationahipa 

Of course this method of identification requires belief in the maintained 
hypothesis that fJ0 is zero, which ia not testable nor does it have any obvious 
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bchnvioral implications. IL is thus a good example of the kinds of restrictions 
needed in solving lhe identification problem. We can generally make 
assumptio ns analogous to {10 = O, but we will rarely have good economic 
reasons for such assumptions. However, the approach is easy to use for one 
attribute. As long as we can solve tor z, estimate the reduced form 
parameters, and recover estimates of P from the reduced form parameters '"' 
and 7, then we can identify /J. 

The heart ot the matter is of course t.be multi-attribute case, when the 7'a 
are known constants. The system is 

h (z;7) = m (y,z;/J) + µ 
I I 1 

(4.25) 

It both the hedtmic price equatiQn and the utility function are etro111rl7 
separable in t.he ai.tributea and the errors unCQrrelat.e,d (~j = O, i • J), each 
equation in the system (4.25) can be treated separately. Thia would be 
analogous to the one attribute case, but hig:hl7 unlikel7. 

In general, we mu st treat. (4.25) aa a ayatem of K equation• in K 
endogenous variables. Ae in rt.he previous analysis., it is useful to think of 
t wo cases. First, when (4.25) i,a tinear in the ,•a, •ome form of leaat aquarea 
may be ap,plied. Second, when (4.25) ia nonlinear in ,•a, ML methods are 
required. In e"ither case, what ia the role of the 7'a? 

Consider first t he linear.-in-parameiera case. In that case, the hj are 
~onlinear f unctions of endo•enoua variables, and may be considered additional 
endogen.oue variables. Aa lon,g as the hi are not linearly dependent, there are 
K-1 exclu.sion r estrictions for each equation. Furth~r assuming the coefficient 
on hi is known (and eq~als uni:ty) only K-1 restrictions are required for 
identification. Co_nsider a case where K = 2 and and mi are linear in 
pa·rameters and endogenous variables: 

, + , ~ + , z 
Ol ll I 12 2 

(4.26a) 

,a· ' 02 aa 2 • 2 
, 1 l""I,.... \ 
\. •• - o-4- .. ~, 

Given z, h, can ~ computed because 7 ia known. Bence its coefficient is 
unity. Without changing the substance of the problem, we can divide each 
equation in (4.26) by Pii• Thia yields the coefficient matrix 
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z z l h b y 
I 2 I 2 

A = I l P* fJ"T- - 1/P 0 P~, l 12 01 11 

fl* 1 fJ* 0 -1/fJ fl* 21 0 2 2 2 23 

where P*ij = llijlllu, The restriction matrix for the first equation is 

., = co O O 0 1 OJ 

implying that rank(• a) = rank(A• i) = 1, so 1.hat both necessary and sufficient 
conditions for identifying equation (4.26a) and (4.26b) are met. 

The successtul application of nonlinear 2SLS in practice depends upon 
how linearly independent. hu h 2 and z are. Thus, for example, if the hedonic 
price equations were quadratic, aa in t.he Brown and Rosen case, the marginal 
prices would be linear, hi would be perfectly correlated with the r1'ht hand 
side of (4.26) and 2SLS not. feasible. I! they are quite collinear, then while 
identification holds formally, actu al parameter estimslda will be imprecise. 
Further, nonlinearity in h(z;7) is not sufficient t.o guarantee that ht and hJ 
are linearly independent. For example, suppose that we have a Box-COx 
transformation of a linear function of z'a: 

, h(z) = (e7z-l] 

For this case 7iP•-• = hi so that 
7 . 

hj = ....:....J. h . • 
7i 1 

That is, the hi are not. linearly independent of each other, re•ardleaa of the 
value of •• which determines the nonlinearity of h. No restrict.ions would be 
provided by this functional form. 

The hi also play a role in identifying the , in non-linear systems, though 
t.he role is lees straightforward because ML methods are needed. To get aome 
insight into ML models, suppose that the >'i are diat ribut.ed as independent 
normals with mean zero and variance ai 2 • Since our o bservations concern the 
vector z, we must transform from µ t.o z. The log-likelihood for the tt.h 
n t-c:.-... , ."Hn n wnnl~ t,,. 

where 

c + 1D J(t) - .l1a~{h.(z;7) - m.(y,z;,.)}a/2 
1= 1 1 l 1 

- • 
II 

-• . ,:: ::: : ::: l. 
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a 
Nol e that hij - mij = -az· (h .(2 ;7 ) - m.(z,y;P) ) will depend upon pas l ong as 

J l. 1 

t he mi are not separable in the z. Hence the derivatives of the likelihood 
function with respect to P will de pend on the h1j functions. The precise way 
in which hi influences the log-likelihood can only be determined on a case­
by-case baHis. But the essence of the matter is the choice of endogenous 
variables. It can be shown that by designating Zi as endogenolls and hi (z;7) 
as nonbasic endogenous, the Jacobian ot transformation has the effect ot 
moving the estilllBtes of /l's awa;y from those t.hat minimize t.he squar,ed error 
(hi-mi>'• Thus, while the practical ettects of the ML criterion, nonsingularity 
of the information matrix, are not great., framing the problem as ML 
demonstrates the role of the hi· The choice of endogenous v ariable influence• 
the parameter est.imat.ea. The. endogenous variables which accord mo&t. wit.h 
consumer choice are the &j •. 

The situation where the 'Y'• are e st,imated with error ia the case 
considered by Epple (1982) and b7 Bartik (1983). In that. case, we consider 
the realistic situation whe:tre the hedonic price equation ia misspecified b7 
omitting attributes of the good. By the solution• (4.5) and (4,6) we k now .that 
any attribute is a function of income, and hence . correlated wit.h fnco:ne. 
Thus, for example, omitting the attribute view from a a,utficientl7 nonlinear 
hedonic price equation will cause error in the mar,ginal price to be correlated 
with t he view, and hence with income. (In this case, income can stand for a 
whole vector of socioeconomic characteristics -without changinar the argument.) 
Thus misspecification of theL hedonic price equation will make er,ron, . (I,{) 
correlated with income (y) .and aerioi.1.sly undermine an,- attempt to recover the 
P's. 

4,4 Multiple Markets 

Several researchers (Diamond and Smit.h (1983), Parsons (1985), Palmquiat 
(1984)) have concluded that. the use of multiple market data holds the moat 
promise for recovering preference p~eters for hedonic models. MulUple 
markets might ·exist in housin-g, for example, in different cities or perhaps in 
d ifferen1. areas of the same city. One might question this approach 
immediately on the grounds tha:t it requires preferences to be identical across 
hedonic markets. Accepting equality of preferences for the Sl;lke of argument, 
we inves tigate the· conditions under which multiple market. data will help aolve 
the ident.:ifica.tion proble:m, 

To ir .... T'I fh~ Rn,alvq;o •c:h.,•T'l1n w·o .,.~,.,.. ... .._.,,,. th'PI • tt,. ... ?" .... .-... -•-.-~ -,f • l, ,-

hedOUIC models az:-e e11t.1mated from ot.he.r sources. Assume that we have G 
markets, and from each market: we heYe a vector of hedontc parameters, 7ft, g 
= l, ... ,G which we tre·at_ as known constants. We ha¥e- two nparat.e caaea, 
dependinl' on the tunct.ional form of the hedonic price equation. First we 
consider the case where all hedonic price equations are nonlinear. 

4.4A Multiple Markets: No.nlinear Bedonie Prices 

When h (z ;7B) is nonlinear, we cannot solve for the z's and are forced to 
work with the eq-uilibrium conditions. Suppose, as befbre, that there are K 
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charact.eri6lics. Then t.he equi11brium conditions for the gth market for a 
household with income yjP:, a tll"ibut.e vector zjg and hedonic price pjg are: 

h1 (zjg' 1') = m
1 
(zjg' yJg .- pjg; P) + p 

I 

(4.27 ) 

~(zjg,7g) = ~(z~g,Yjg - pjg;/1) + "x 

whore, for conveniel"lce, we as.sume that p ... N(O,t). This model has K 
endo·genous variables (z) and K struetural equations, given in (4.27). Unless 
we make very restrictive assumptions about the utility function, the mt 
functions will not be linear in parameters. Hence in general we can oril:, 
establish the identi!iability of the P through maximum likelihood estimation. 

To get more insight into the multiple ~rket set.t.if\6,. ignore temporarily 
the right hand ,aide df (4.27). What is the role of the hf(zJg, 7lt) here? It la 
clear that the,y are not exogenous, becauae they depend on endogeno1,.1a 
variables, zj,t. They cannot be basic endogenous variables, because we 
already have equal numbers of equations and basic endogenoua variable.a. In 
the language of Fisher or Goldfeld and Quandt, the hi are noribaaic or 
additional endogenous variables. Unless attrib1,.1tea enter the hedonic price 
equation identically, each ~ginal price function (ht) will be different. Thu• 
ther.e are K nonbasic endogenous variables, one in each equation. Since ht 
enters only the ith equation: each equatien baa K-1 excluded additional 
endogenous variables. 

These K-1 restrictions for each equation are clearly of value, whether the 
model is linear in parameters or not. In the simplest linear.- in-parametera 
case, K restrictions are needed to identify the ith equation (cf. equation (4.11) 
where M = K), so that. onb~ one restriction would be required. The 
restrictions are also af value in the nonlinear-in-parameters case, where ML 
methods are necessary, fiince reat.rictiona help ensure the nonaingularity of 
the information matrix. 

Some caution must be exercised in the interpretatibn of these results, 
especially with regard to G, the number of markets available. G must be larare 
cr,uugh to ~• ...,v ide independent v~dation in the hi~ The reasoning tor 
ide.ntification of linear-in-parameters, nonlinear-in-variables requires that the 
additional endogenous. variables be asymptotically uncorrelated with 
\....,,....,.....,b...,••'-'w~ ..... -... ... •'-'-ii• 4 &a""" -.>~...,."" A6..&.&.'"'6 v•· ~ -• 6•-U••-••.., ,t , • .._..,.._: ~ .. "-':- ..... ~ .... :olJ '"'w~c.;.; . 

The hi must be aaympt.ot.ically uncorrelated wiih the z. Thus it is not the 
existence of two- or more markets which guarantees identification, but the 
exist.ence of enou,;h market.a t.o ensure aome orthogonality betw~en the hi and 
Zi• 
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4 .4B Multiple Markets: L i.near Hcdonic Prices 

The u lili ly of multiple markets is greatly enhonced by linearity in the 
h e do n ic price e quation. The estimation pro ble m in {4.27) can be transformed 
t o a s tandard demand system when h (z;-r) is additive and linear in z. ln that 
case the marginal prices are 

and the system becomes (ignoring the µj) 

7! = m
1
(zj•,yi1;,) 

We can then solve for zjg as in (4.5) and (4.6): 

(4. 28) 

where now the 7'a play' the rele of prices in linear budget constraint&. If 
there are enough mar:-keta, then the variation ,in 71f, being exogenous to th.e 
individual household''& behavior, will allow the estimation of a demand system. 
The best example of this approach is provided by Pareona (1985) who 
estimates the almost. ideal demand system for att.ributea using multiple cit7 
data. As in other situaticm•, we can make tradeoffs between price information 
and the complexi,ty .of the model we estimate. For example, if we make the 
preference function additive, we need variation in onl7 one of the 7ig. 
Fur.ther variation in relative prices can be gained from the requirement that 
equation (4.28) be homogeneous of degree zero in 7jg and 7ft. 

Thus we see that multiple mark·et data defini,tely aids in identifying 
paramet.ers of the preference functions. It ·can do ao only by maintaining a 
specific hypothesis about tbe preference •t:ructure - that it not include the 
hedonic price as an argument - which in . turn allows the teatin,t . of the 
•• cc;<.ssary rcsull that the hcdonic price equation be linear. 

4.5 Conclusion 

This chapter has addressed tbe general problem of the identificat.ion of 
the parameter• of hedonic ~els. Three ba•ic que• tiona were addressed: 

1. When we esti.mate a hedonic system, what are we seeking? It waa 
shown that the eo:-called hedonic demand function is really a mar«inal rate of 
substitution function embodying the parameters of the preference function. 
As long as the hedonic pr.ice equation is nonlinear, traditional direct or 
.inverse Marahallian and Hickaian demand functions do not exist as aolutions to 
the consumer's choice problem. Esti'mation of a hedonic system ia therefQre, an 
attemf>l to r ecover the consumer'.& preference parameter.a. 
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2. U.nder what circumstances is it possible to identify the preference 
parameters? NecesGary and sufficient. conditions were derived for the 
identification of the parameters of r ecursive and nonr ecursive single-market 
hedonic modela n nd multiple market models, Models linear in parameters and 
models nonlinear were investigated. As with all econometric identification 
p roblems, identificnt.ion is dependent on prior restrictions imposed on the 
parametera and functional form of the equations in the model. Unlike the 
t.rnditional problem of identifying supply and demand functions b y exclusion of 
variables, very fe~- theory-based restrictions are available for hedonic models. 
ldenti1'icat.ion instead requires the imposition of cenerally untestable 
restrictions on .the functional form of the hedonic and marginal rate of 
substitution equations. These restr ict.ions often place unknown or unrealist.ic 
limitations on the underlying preference or market structure. Our r esults on 
identification my be summarized by the !ollowi~: 

i) Identification must be determined b7 prior considerations. In 
particular, there. are no circumstances where one can apply the Rosen 
two-step approach without imposin• prior constraints an~ be assured of 
identification, 

ii) Successful eat.imtit.ior, of a hedonic syalem by maximum likeli..'lood 
techniques is sufficient to demonstrate the existence of an identified modeL 

iii) When the parameters of the hedonic price equation are known (available 
from another source) it may be possible to aolve for the attributes' reduced 
form equation. The system will then be identified if it · la poaaib.le to derive 
the preference parameter• from t.he reduced form est.imatea. · 

iv) The uae of data from multiple market.a definitely aide in the 
identification of the prefer ence parameters, thou•h it is still necesar7 to 
impose severe restrictions on the underlying preference at.ructure • 

. v) The conditions tor identification just discuaaed are technical, relatin• 
to the application of traditional criteria to the rather special case presented 
by hedonic markets. But the fundamental question of identification relates to 
behavior: What kind of behavior must. we assume to achieve identification and 
are we likely to find such behavior in the real world? The answers to this 
compound question are not very satisfying, mostly due to the nature of the 
hedonic price equation. Thia equation, which ia structural to the household, 
reflects the combined influence of buyers, seller• and the diatribution ot 
geode. Restrictiond on \.he functional form ut the hedonic price equation may­
help satisfy the technical criteria, but restriction• cannot be translated into 
;nfnrm,.Hnn ,.l,nut. t.hfll h-,h111vmr of buyerA and eetlerfl. As we show in Chapter 
b , Clltil"l:SCWJ"la.Lu .... U.l UU.)'t"' III ~uJ IIM:SA.lt:1.nli t:&J"tl .l.UUS.1.¥ &.u &,14,;; lo&M&DAtlU ... i.U~ .i.na.ic.u.uc..: 
equation. Of course, we al110 need restriction• on the marginal rate of 
substitution functions. The restrictions which are moat like17 to be uee!ul are 
separability reetrictiona on the utility function. For example, the elementary 
rule ot havtnar the number of excluded ex.,ogenous variable• exceed the number 
of included endo•enoua variables is helped by separability, because it means 
fewer endogenoua variables in each marginal rate of aubstitution equation. 
'!'h~re are few tests of separabilit7 in the hedonic •ettin•, but it seems a eaf e 
bet that. real world behavior doea not support much aeparability. In aum, we 
can describe behavior needed to support identification, but we cannot find 
strong ar1umenta to support the common practice of such behavior. 
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3. ls. Lhe soluUon to t.he identification problem wort.h the restrictions we 
must impose? The cost of identificalion come in the form of maintaining very 
specific and restrictiv e hypotheses about preferences nnd the h edonic price 
equation. The restrictions required for identification in the hedonic model are 
especially disturbing because th~y involve functional form ruther than the 
~xclusion of exogenous variables. Thus they lack the intuitive appeal of the 
more traditional approaches to identification. For example, in supply nnd 
domnnd models ot agricultural commodities, we can identity demand by 
excluding rainfall from the demand function. No such appealing restrictions 
appear to be available in hedonic models. The benefit.a ot recoverin, the 
parameters depend on haw they will be used and whether in fact the hedonic 
model is suit.able · for valuing environmental amenities. In succeeding chapters, 
we show t hat there ia a number of seriou• problems in using the hedonlc 
model tor measuring welfare effect.a, even when all parameter s are known 
perfectly. We will thus postpone until t.he concludin• chapter a full reaponae 
to the questions of whethe.r the solution is worth the coat. 
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'CHAPTER 4 

FOOTNOTES 

l McConne]] is wit.h the Department of Agricµllural and Resource .Economics, 
University o, Maryland, and Phipps is wU.h Re~ourcea tor the Future. 

2 And th us t.he exchange bet.ween Pollak and Wachter and Barnett is 
especially relevant. 

3 -Pro.pert.ies of inverse demand functions are deriVed from the problem 

min{V(p,y)lpx. - y = O} p . (i) 

where 

V(p,y) = max{U(x)lpx - y = 0} 
X 

and where x and p are the vectors of goods and prices f'.espectively and 
V(•) ~nd U(-) are respectively the indirect. and direct utility functiona. 
Suppose t.he nonlinear budget constraint is h(x,7) - y = 0, where 7 ia a 
vector of parameters. Then the indirect utility function becomes 

V(7 1 y) = max{U(x)lh(x;7) - y = O} . 
X 

·But. there is no well-defined dual such as (i) which yields the inverse 
demand functions in this case. 

4 For the motivation of these criteria, see Fisher (1966), Chapter 6, a nd 
Goldfeld and Quandt (1912) Chapter 8. They are analogous to the 
conditions for linear-in-variables systems when the additional endogenous 
variables play the role of exogenous variable.a . 

5 The regularity aasumptipn requires that the information matrix be o.f 
constant rank- in an open neighborhood of •o• 
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APPENDIX TO CHAPTER 4 

1. A Cobb-Douglas Example 

Consider 
dimensionaL 
function; 

t he fol1owing example. Let the attribute vector be one­
For simplicity, let preferences be given by the St.one-Geary 

U =, In z +, ln(x - , ) 
l a I 

and suppose that the hedonic price equation is civen b7 

h(z; 'Y) = 7 z7 • . 0 

so that the bud1tet conetraint is 1tiven by 

Y: 7 z71 + X. 
0 

I 

The goal is to solve for the choice variables z and x. 
conditions are 

h(z) = 7 z7 ' 
0 

,. 7 
: - (y - 7 Z I - , )/z. 

,, 0 I . 

(4.A.l) 

The equilibrium 

Solvina- the equilibrium conditions for z and x civea the demand functions D 
and Dx analo«oua to (4.5) and (4.6): 

l 

z = c,.,c,. + ,,,,,))7
' 

I 

71 

l 

(y - , )71 
I 

x =,, ,c, •,., > • yc1 - , 1c, +,,, >>-
., 1 21 I I JI 

(4 . A.2) 

(4.A.3) 

These are demand functions -in the aenae that only exo•enoua variables are on 
t he right hand • ide. But the7 are not traditional because neither marcinaJ 
nor average price appears on the r1'ht hand • ide. The demand function 
collapses to the traditional Marshallian demand function when 7 1 = 1, implyin• 
that the hedonic price function is linear. Thia caee is a linear expenditure 
system demand function because of the form of the preference function in 
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(4.A.1): 
z = P (y - P )/7 

1 3 0 

where it. is assumed withou t loss of generality that P1 + /l2 = 1. 
course just the demand fundion in the linear expenditure system 
level of the subsistence puromcter for z. The expressions for 
(4.A.2) and (4.A.3) can be written: 

when 

ff = 01 

ff = I l 

ff = 21 

ff = 02 

ff = 11 

z = ff (y - ff ) 
01 11 

x=" +n y 
01 1a 

I 

(fl /(fl. +,-, ))71 
a I 

fl, 

l/7 
1 

P
1
fl,l(ll

1 + fl:171) 

1 - fl /(II 
I l 

+ fl2yl) 

ff 
a1 

70 

. 

l 

71 

(4. A.4) 

This is ol 
with a zero 
z and x in 

(4.A.5) 

(4.A. 6) 

(4.A.7) 

(4 . A.8) 

(4.A.9) 

(4.A.10) 

(4. A.11) 

Although there are five reduced form parameter• and five atructural 
parameters, we cannot. solve for the 7'a and II'• without more prior 
infor;-mation. Note that "'oal"u + "u : 0 for all valuea of /I., 112 and _.,., and 
hence there ie a redund~n~y. Rowf!1ver, by imposing the prior constraint 111 + 
fl 2 = 1 we can solve for the fl'• and -,'a and hence eolve the identification 
problem. 

In the case where the 7'a are known with certainty- (eeclion 4.6), we have 
reduced form equations for attribute• only. Then we estimate (4.A.5), imponna 
the prior constraint (4.A.9). This leaves two reduced form parameters, "oi 
and "i I and two structural parameters (assuming 111 + 112 = 1): Ila and fl, . 
S ince (4.A.8) teU. us where to •et /l,, we need only aolve (4.A.7) for Ila• 

Imposing /l 1 + 112 = 1 and aolving (4.A.7) for /l1 yield• 

p = -'1 /(1 +., - 7 ff -'11 ). 
I l I O 01 
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For this . particular hedonic equation, k newing the T's simply· reduces the 
estimating problem, with no fundamental change in the identifiability of the 
fJ' s. 

This one attribute example shows t.hc difficulty of solving for the 
demands. Irish (1980) has developed cases which can be solved, but the 
necessary simplifications show the difficulties involved. 

2. A CES example 

A separate example illustrates the content.ion that simply assuming; a 
utility function and applying the Rosen two-step approach la no guarantee, of 
identification. · 

Suppose the hedonic price equation is as before but that the preference 
function is ~lven by lhe GOBS: 

U(z,x) 

The equilibrium co0d.itio0 is 

(4.A.12) 

We can use the Rosen two atep on this express-ion O.n lo,:arlthms, q in 
~uigley, 1982) with errors added on. The model to' be estimated from the 
logarithm of (4,A.12) is 

h. = 6 + 6 ln z + 6 ln(y - p) + errQr (4.A.13) 
1 0 1 I 

when hi = ln(7o71) + (71 - 1) ln z 

6 = ln l
1

fJ
1
/l

3
/J

4 0 

6 = (I - 1) 
I I 

6 ;;: (J. - /J) a , 

are parameter• to be estimated. An application of OLS to (4.A.13) yields 

& = ln(7 7) 
0 0 I 

6 = 0. 
a 
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We sin1plx reproduce the parameters of the hedonic price equation as in ths 
c,mmplcs given by Brown and Rosen. Hence even t hough we recognize that we 
should l>e estimatjng the marginal r ate of substitution conditions, we still have 
ample l"Oom t.o create a constructed marginal price problem. 

The subtle nature of the constructed marginal price problem can be 
illustrated if we impose t.he restriction that. preferences are homothetic, so 
that the utility functio,n becomes the CES. Th_e logarithm of the equilibrium 
condition becomes, on imposing Pa = ,. : ,, 

h · = c5 + c5 ln(z/(y - P)) + error 
l O l . 

(4 .• A.14) . 

where 6 0 = ln(Pa/P,) and ct, = c, - 1). Applying OLS to (4.A.14) dpea not. 
imply that the estimates of • -rc,peat. the parameters of the hedqnic price 
equation even when the Power function fc,r h(z;7) is used. While this example 
i.s perhaps t® Jimple to consider for applicationa of the he.donic method, it 

. illustrates the d.itticullies. of hypothesis t.estina in this approach. For the 
GCES pref ere nee function, given the power function for t he hedonic_ equation, 
_the cont1lruet"d m~rginal · p!"ice problem makes the structural estimation 
meaningless. But whe·n the CES preference function is imposed there is no 
b:m•er a constructed marginal price problem. 
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CHAPTER 5 

THE STRUCTURE OF PREFERENCES AND ESTIMATION 
OF THE HEDONIC PRICE EQUATION 

K, B. McConnell and T. T. Phippal 

5.1 Introduction 

I n the previous chapter, we tried to determine the circumstances u nder 
which it ia poaai~le to identify the paramet.era of preference functions. In 
Chapter 2, we surveyed t.he. practical problems encountered in_ using ordinary 
least. squares on the_. hedonic price equation. The joint problems of 
multicollinearity, error• in specification and functional form plague the Bingle 
equation estimates of hedonic price equations in houaina market.a (see Bart.ik 
and Smith, 1984 and Palmquist, 1983 for additional detail•). The iaaue• which 
have arisen in eatimatina the hedonic price equation are primaril7 of a 
measurement nature, having lit.Ue to do with aimultaneit.7. 

In the chapter 4, we developed the nature of the choice problem for ·the 
household, We argued that in an econometric at.ructure which models 1.he 
choice of the attributes and the. price of the commodity, it makes aenae to 
designate these same variables aa endogenous. Then the hedonic equation ia a 
part of the structural equation: the household' • nonlinear budaet.. It the 
hedonic equation ia in fact atructural to the household, then it muat be 
subject to possible under-identification. In this chapter, we follow the lo.-fc 
of Chapter 4 to invest.igat.e t.he circumstances under which the hedonic 
equation will be identified. Theae circumatancea relate to t.he structure of 
preferences. 

In this chapter, we will firat show that the hedonic price equation ma7 
r easonably be considered part. of the simultaneoua ayatem, then derive the 
circumstances when the hedonic equation can be consistenUy estimated with 
OLS, and finally, develop some Monte Carlo results ahowina the effect.a of 
simultaneity on OLS e • timate• of the parameters of the hedonic price equation. 
- . . .. : ~ . • ' '• . . !., ~ ~~ ~. . ..... . " : . . d ~,. , .• i ~·-,:d .. J'-'t..... 
o n prices and attribute• collected from market tranaactiona. Bedonie price 
equations fitted on houa~ prices which are household'• own eat.imate• will 
obviously not. be subject. to any simultaneous equation issue• because such 
estimates will not have been jointly determined with the purchase of at.tribute 
levels. 

This chapter has two rat.her different. purpose•• Firat., it is designed to 
e ll:plore simultaneity in hedonic market.a by developing the logical consequences 
of this eimultaneit7 · for the hedonic price equation. Thia chapter ia not 
designed to critique the practice of estimating hedonic price equat.iona. It 
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W()uld be . foolhardy to, assert that, in t.he midst. of such pressing data 
problems and wit.h so many at.tributes, one should wor ry about identification.. 
Rather, we are trying to learn about choice in hedonic markets. The second 
purpose is more practical. Multicollinearity is a serious problem in hedonic 
models. But in nonlinear systems, the distinction between mullicbllinearity .and 
under-identification is blurred. We argue that what is a pparently 
multicollinearity may be endemic to the system precisely becau.ae ot 
underidentification. In that case, the cure for multicollinearity of e nlarging 
the sample size may -sim,ply cause parameter estimate'& to converge on the 
wrong values. · 

One conclusion of this chapter relates to the requirements for successful 
eslimati<:>n of the parameter• c,f the hedonic price equation. For analyses 
using market transactions, it will be shown ttiat consistent eatj.matea of these 
parameters require the assumption of .restrictions on the form of the utility 
func.t.ion. These restriolions will, in •eneral, be u~test.able. T.his conclueion ia 
quite similar in. spirit. to the received Uterat.ure on identification Qt the 
parameter• of preference•• In concludin• their paper on identif~ 
parameters relaUng .to preferences, Diamond and Smith (1985) note 

Consistent estimation of the structural parameters ot 
demand req.uirea su.fficient reatrict,ion• to identify 
functions. '.I'be minimum requirements can be met throu•h 
the assumption of a utility function and hedonic function 
which imply the presence .in the marginal price function of 
appropriate nonlinear transformation• of the endo•enou• 
variables in the demand function. However, thia .approach 
relie·a heavily on the choiee ot u t ility function, while 
providing no independent statistical - means to teat that 
choice (p. 281). 

We will argue that consistent e• timation of the hedonic p r ice equation by 
ordinary least aquarea with market tran9action• aleo .requires makin• 
assumptions about. the functional form of the hedonic price equation and the 
preference function. 

5..2 The Structure of Preferences and the Equilibrium Conditions 

In Chapter 4, the followin• choice problem waa described for the 
houa.ehold (section 4.3) 

y-h(z-; 7) - x = OJ. 

Wh.en there are K attrlbutes, this problem has K+2 firat order conditions: 

y - h(z;7) - x = 0 
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where >. is the multiplier on the income constraint and Ui • aU/dzi· These 
fir~l order conditions yield solutions for the K+2 variables (X,A,Z) of the 
opiimfanlion problem. By the s ubstitutions of 4.3, this system can be reduced 
t.o K+l equations in the K+l variables natural t.o t he consumer (p,z): 

i : l,K 

where, as before mi(Y - p,~;,) • •U(,c,z;JJ)/<1zi/,1U(x,z,Jl)/ax evaluated at .z = 
y-p. We give t.his system an ad'ditfve error structure which we consider to be 
econometrician'a error and which captur.es the spirit ot empirical .efforts in 
hedonfo modelling. Then our aystem is 

p = b(z;7) + *1 (5.4) 

(5.5) 

The p urpose ot deriving (5.4) and (5.5) la to make clear the origin· ot t.he 
system. It is a structu•ral re,presentation of the household's cptim.izalion tor a 
nonlinear budget constraint. In i'eneral, hedonic models are concerned with 
recovering th~ parameter vectors 7 an,d ,. 'the discussion ot the identification 
problem has focused on the difficulties ot estimating the I'• and how the7 can 
be confu·eed with t.he 7'a, aa tor example, Brown and Rosen (1982) have • hown. 
However, we can also aee that, it is possible in principal to confuse the 7•• 
with the ,•a. Our focus here w,ill be on the problems of recoverin• the 
parameters of the hedonic price equation. Specifically, how do the valuea of I 
influence the identifiability ot the -r's? 

5.3 Estimation of the Hedonic Price Equation 

In this sect.ion we ask under what. conditions we can . eatimate the 
parameters 7 using single equation methods. While there have been numerous 
efforts to use Box-Cox techniques (for example, Hal:voraen and Pollakows•ki, 
1981), we will assume Un-ear-in-parameters models. Nonlin-earity would 
complicate the form but not alter th'e substance of the argument. 

t el equation (5.4) be written a.a li11ear-in-parameters: 

p : b(z)7 + c 1 

wher ~ h(Z) ia a vector of function• of the z'a and h(z) and 7 are conforming 
vectors of dimension J, where J ia leas than the number of obaervations. The 
OLS estimatea of 7 are 

(5.6) 

Not~ that h, being a function of z's, depends on *a• Further, it p. ia in m, 
t:aen the z's depend on· cs- Hence, h ia a random function of c2 and possibly 
c 1 • The randomness of h and the nonlinearity of random terms in (hTh)-1 hTc 1 

make it difficult to. give general statements about the bias in -,. But we know 
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that the c-~n ~islency of -y requires that 

pljm hTr 1 = 0. (S-. 7) 

For express.ion (5. 7) to hold, we must have the vector of z's uncorrelated in 
lhe liruil or d iet.ribu~ed independently of 'i- Since expression (5.5) can be 
solved for Zi, i = l,K in principle, we could have z as a func tion ot p and &2 , 

or substituting tor p, have z depending on t 1 and , 2 • Thu s we see in 
general that (5.7) will not hold, so we need to look closer at wha t assumptions 
will make it hold. 

Suppose first that m is independent of p. Then z, and hence h, are 
functions of , 2 only. Blips in t 2 w.ill influence h, but h will move 
systematically with • 1 only when • 1 and • 2 are correlated. Hence, .correlation 
between • 1 and • 2 will cause inconsistency. Now if m depends on p, the 
solution for z depends on • 1 and 'a, causinar 7 to be inconsistent. Thus we 
have two requirements tor consistenc7 of t.: 

l. •i(Y - p,z;,) independent of p; 
2. r: and • 2 i uncorrelated in the limit. 

These requirements, which must hold for all i, of course, are simply Uie 
requirements for recursiv-ity in nonlinear systems. But how restrictive are 
they? 

Consider first the requirement that mi not depend on p. Let us conaider 
a particular mi: 

0 = 

1m.1x l . 
=-

cJxlp 

111. 

= - -! 
IX 

, .. 
0 = -! 

IX 

u. u - u.u 
lX X 1 :,CX = u2 

X 
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This condition must hold fo r i = l,K fo r C'.'unsis tenc y. The r es t rictio n that. the 
numcr nlor of (5.8) be zero is imposed o n t he preference func t ion. It can be 
satisfied by the restriction Uj/Ux = Uix/ Uxx· Or it holds when U is linear in 
~· We con opta.in it, for example, from t.he preference function U(x,z) = x + 
U(z) whe re U is any quasi-conca ve func t ion of z. The assumption of mi 
indepe ndent. of p imposes restrictions on the preference function, restrictions 
which are as untestable as those needed to identify the marginal rale of 
substitution function through nonlinearity in the hedonic price equation. 

The practical significance of the use of y rather than y-p may be 
tempered by the magnitude of T relative to p and b7 measurement erTOrs in 
y. The relationship between income as measured in moat eurvey work and 
income which constrains the houaehold's budget must eurely be prone to lar•e 
errors. One cause of the difference, for example, would be real wealth 
holdings, which usually do not • how up in current income figure•• Thi• would 
be especially important in home purchase•• When coupled with lar•e 7 
relative to p, it seems intuitivel7 plausible that euch lar•e errors would mask 
the omission of p from the ararument 7-p. 

There ie lees r eason to be reluctant to assume that • 1 and •b are 
uncorrelated. At least we have no reason to ar•ue for correlation in one 
d irection or another. But there ie a • trong tradition in demand s7stema 
analysis for correlation of error• aero•• equations. Dependinc on the data 
source, one might argue for Ol" against ihia correlation. Bence, it UI 'the 
structure -of the preference function which is the etronceat requirement. in 
obtaining consistent estimate• of 7. 

5.4 Some Monte Carlo Results on the Identifiability of the Bedonie Price 
Equation 

To some extent, the question of whether the hedonfc price equation is 
identified is an empirical one. That is, for aome etructures, the aincle 
equation estimates may be good enough. To teat the degree to which OLS 
estimates miss the true value of hedonic parameters, we have done aome simple 
Monte Carlo estimations for a model which we a priori know to be not 
identified. The model contains two attribute• • The preference. part of 
structure of the model ia consistent with a linear approzimation of the bid 
function. The hedonic equation ia • iven by 

• 0 l 

and the equilibria conditions are given by 

(5.10) 

(5.11) 

First we demonetrate ueing traditional criteria that t he first equation ia 
no t identified. Let ua write the system ae in sect.ion 4.3 above: 
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Aq(w ) .= £ 

where q (w) 
:z T 

~ (p, z ,z ,l, z / 2,y) 
l 2 2 

and 

1 - 7, -Yu -70 -y.12 0 

A = flu - {J 
1 l · -/J~ l 7 , --, 01 0 -/ISi 

/1.u - flu 7 2 2 -fl 2·2 7 ,2-/102 0 -flu . 

Let. t 1 be t.he rgat.rix of restrictions on t.he parameters of the fir st. equation. 
In section 4.3 (equations 4.9 - 4.12), it is argued t.hat t.he necessary condition 
for ident.ifyin• any patameter of the hedonic model ia 

where M is t.he number of equations and basic -endogenoua variables in the 
model, and ki = 0 (or 1) ia t.he number of normalized parameters in t.he ith 
equation. 

In the case of the model above, M = 3 and k i = 1, ao t.he neceaur7 
condition for ident.ificatio.n of t he hedonic price equation ia 

rank (ti) ~ 2. 

The only restrict.ion placed on the equation is that 7 iii exclu ded. Bence, 

t 1 : [ 0 0 0 0 0 l]T 

rank (t, ) = 1 < 2~ 

Thus the necessar:, condition• for identifying the hedonic price equation are 
not met, and the equation ia not ide·ntified according' to the traditional 
criter ion. Applyi,ng OLS to (5.9) will result in biased estimates of r•• 
Further, as t.he aa,mple size increaaea, the OLS estimates will not •et closer to .. ' , I 

To demonat.J:'ate further with this e~mple, we show the .J-e•ults of OLS 
applied to equation 5.9 using Monte Carlo methods. We have performed two 
different aampling experiment.a with the basic structure aa given in (5.9) -
(5.12). The experiment.a have the same distribution of the income vai-iablea 
and one of two po• sible diatribuµons of errors. The income variable · ia drawn 
from a uniform diatributio~ bet ween 40 a.nd 90~· The errors are normally 
distributed errors with meo.n ·zero. and diagonal covariance matri.z! 

/ 
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[ : [ 4 0 0 l 0 3 0 
0 0 2 

(5 .12) 

or the nonniagonal covariance ma trix~ 

[ = [ 
4 ,2 -~ I 2 '3 
1 -1 2 • 

(5.13) 

The experiments use the coefficient matrix: 

p .z 
I zl l .sl a y 

I 
1 .9 3.5 15 .5 0 

l. .075 -.8 .006 4 0 . 075 
. 008 - . 5-. -.5 6.5 0 . 008 

The experiments consist of estimatin• the model 
observatfons and 20 times for the 500 observ:ationa. 
performance ot estimators are given. 

20 times for the 50 
Various measures of the 

From Tables 5.1 and 5.2 we can get some feel (thou•h not. proof) of the 
properties of the estimaies of 7 . Consider first the diagonal error covariance 
case (Table 5~1). The relative bias of the -Yo is small and gets smaller as the 
sample size increases. The relative bias of j 1 is also small but shows only a 
barely perceptible change with the increase in sample size. The bias in 7

11 
grows with sample size. The bias in 722 is uncomfortably larJte, bu.t decreases 
marginally with the increase in sam,ple size~ When we consider the 
nondiagonal error covariance case (Table 5.2), we find that the 'Yu and 7u 
have bigger- relative biases with higher sample size. For 'Y1 2 the bias 
improves, though the relative ~rrQr is eight percent. In both cases t he 
r elative bias of 'Yu appears substantial. 

Of course, these results aimply confirm what theor-y tells ua, but they do 
also add some concreteness to theory. The basic result is that we cannot be 
absolutely c:onfident that when we regress the tra-nsactiona prices on the 
attributes of the good that we will recover the pa-rametera of the hedonic 
-.-:-- '"'_,,...,,.~_.._ _,.,.."!I" ........ ,.... ..... • ~- ~J .~ J- ... ,....., ~· 'I, . . ' , , 
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Pa.rftllleters 

A Ta=- 50 
Yo T = 500 

.. T = 50 
711 T = 500 

T = 50 
7u T = 500 

T = 50 
722 T = 500 

TABLE 5.1 

Monte Carlo Results for Hedonic Parameters 
Diagonal Covariance Matrix 

5.12 

Expected Relative 
Value Variance Bias Bias 

15. 448 1.705 . 448 .0299 
15.298 .2352 .298 .0199 

.8397 . 0264 - . 0603 - .0670 

.8392 .0033 -.0608 -.0675 

3.833 .6302 .333 .0951 
3-.as:5 . 0663 .355 . 1014 

.0892 .1640 -.4108 -.8216' 

.1142 .0156 -.3858 -. 7716 

a T = sample size. 

TABLE 5.2 

Monte Carlo Results fer Hedonic Parameters 
Diagonal Covarian.ce Matrix 

5.13 

Expected Relative 
Parameters Value Variance Bias Bias 

- - --- -------- -
A T8= 50 15.194 2.Sll .194 .0129 
7o T = 500 15.15 .695 . 150 • 01 

T = -tiU .8377 .8423 -.0623 - . 0692 
71 T = 500 .8252 .0020 - . 0748 -.0831 

T = 50 3.905 .0686 .405 . 1157 
72 T = 500 3.814 .0683 .314 .0897 

T = 50 . 1784 . 1268 - . 3216 - . 6432 
7 ·22 T = 500 .1202 .0176 -.3798 -.7596 

a T = sample size. 
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Mean 
Squared 
Error 

1. 906 
. 3240 

.0300 

.0070 

.7411 

.1923 

.3327 

.1644 

Mean 
Squared 
Error 

2.549 
• 717 

. 8462 

. 0076 

.2326 

. 1669 

. 2302 

.1618 



5.5 Cm1clu;,ion 

In the cst.i111nlion of hedonic models from dat.a on mRrket trani:;uclions, the 
hedonic price equation and t.he· marginal rate of substitution func tion form a 
simultaneous system. This chapter hos undertaken to investigate the 
relationship between the structure of the marginal rate of ~ubt:>t.itution 
function and the consistency of OLS estimators of the hedonic price equation. 
Specifically we have shown that for consis.tent OLS estimators of the hedonic 
price parameters, the Hicksian bundle or income must not influence marginal 
values of attributes. This is a strong but generally unte.stable assumption 
which is not likely to hold in general. 

Because most plausible preteren-ces will violate the structure of 
recursivity, it may be that the parameters of the hedonic price equation are 
not ide n tified. To test the nature of OLS estimates we performed some Monte 
Carlo e xperiments on several linear-in-parameters hedonic models. Our reaulur 
showed that in some cases OLS estimators do not tend to get close to true 
values a s the sample size grows. 

Our results may pro:vide some insight into the multicollinearity problem in 
the hedonic equations. Lack of identification shows up as perfect collinearit7 
in linear and nonlinear two-stage least squares estimation. Further , as Wegge 
and Feldman (1983) have stated ao succinctly, identification in no.rilinear 
systems may sometimes be a matter of c!ata and not struct.ure: 

Instead ot viewing the problem in a discontinuous fashion,· 
one should perceive that the interface between identifi­
ability, estimation, and prediction ia a continuous 
relationship. Long before we r -each t he point of a 
discontinuous jump in the rank and it.a concomitant 
requirement of more pri9r information, we would be in a 
near singular mom,ent matrix situ,~tion when the distinctions 
between some parameters bec.ome ver7 confused,.. indicating 
that the parameter is close to not being identifiable (p. 253.). 

This description of the problem is quite apt for the hedonic priee equation. 
Attributes whic'h provide utility will tend to increase together with income and 
other sodoeconomic measures. In t his view, multicolli_nearity is simply a 
s ymptom of underident.ifk1ttion and may not 'be resolved a~ sample size 
increases. 
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CHAPTER 5 

FOOTNOTES 

1 McConnell is with the Department of Agricultural and Resour~e Economics, 
University of Maryland, and Phipps is with Re~ource_s tor the Future. 

2 Note that this derivative, and not the more complicated version imposing 
the first order conditions, is appropriate here. 
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CHAPT.ER 6 

THE FORMATION AND USE OF THE HEDONIC PRICE EQUATION: 
A SIMULATION APPROACH 

K. E. McConnell and T. T. Phippal 

6.1 Introduction 

The purpose of this chapter ia to ·took behind the veil of the hedonic 
p r ice equation and into the workings of the market. To do ao., we c reate a 
simulated market · in which consumers choose housing 10¢8.tiona, c·hooaing 
a t.tributes only implic.itly because they are tied to locations. The market 
simulation allows us to explore t.wo import.ant issues in hecionic artalysia: 1) the 
empi.ical connection betwe'!!n t.he parameters ot the pre!erence tuncticn and 
t he hedonic price equation; and 2) the accuracy of four comm~>nly used 1 

"restricted partial equilibrium" welfare measures (Bartik and Smith's :phrase) 
in comparison to a true• measure of welfare, give.n market adj\lstment. These 
two issues are closely related. Their reaolution require• knowledge of tl\e 
workin-gs of the housing mark,et: specif-ically, what is the nature of the 
equilibrium process which allocates hous.eholds to sites? Further, welfare 
measurement. directly or indire·ctly make.s use of the hedonic price equation 110 

the way this equation is estimated st-rong.ly hifluences welfare calculations. 

The simulated market. provides a .good with three attributes. The supply 
o·i the good is fixed. For simplicity, the number of units of the g.ood equals 
the number of buyers, The fixed supply is allocated to boutteholds as in a 
bid rent or utility maximization model. From this model, a price for each unit 
of the good is established. The price varies with the • exogenously given 
attributes of the good, and hence is a hedonic price. In section 6 .• ,2a we 
de~ribe the equilibrium of location choices. In section 6.2b we try to 
determine the effects of parameter-a of the preference function _and different. 
income distributions on the estimates of pArametera ot the hedonic price 
function. In section 6.3 we use the model te calcula~ partial and general 
equilibrium welfare effect.a of exogenoua changes in l'1e attributes of- the fbed 
·ll:!•t1"'!1~1, .. ,,...# ,,,,,,..._,....,e, 

6.2 Preferences,_ Income Distribution and th~ Functional Form of the Bedonie 
Price Equation 

A component of current research in the implicit markets literature; ia that 
the structure of preferences is embodied in the hedonic price equat.ion. One 
implication of this argument is that prior restrictions on the form ot the 
h~donic equation may be derived from preference theory. 
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Rosen .(1974) developed lhe theory in which the hedonic price function is 
g'c ncrnted by the competitive behavior of suppliers and den,unders of goods 
c1Jnlaining a bundle of attributes z = (z1 , •• • ,z"). He argued that. the hedonic 
fundion , p(z), 

can so metime.a be obtained if sufficient structure is imposed on 
lhe probl~m. l:l_owever, it is not always possible to p roceed i n t hat 
manner. In general , the diffe.renlial equation defining p(z) i s 
nonlinear and it may not be possible to find ,closed solutions. 
Moreover, a great deal of structure must be imposed. For 
example, the di.st.ribuUon of income follow·• no simple law 
throughout. its ronge1 making it difficult to specify the problem 
completely. Finally, partial differential equations must be solved 
when there is more than one characteristic (p. 48). 

For these reasons, he recommended using the well known - two step 
estimation approach ii:i which the hedonic function is estimated first and then 
the calculated m·arginal prices are used to estimate what he calls the "marginal 
demand and supply function•," 

Quigley ( 1982) used a simple fixed supply housing market ezample to 
demonstrate that ' the hedonic function ma7 be derived by integrating the 
marginai rate of substitution function for a single hedonic attribute and a 
sjng.le Hicksian gQOd. In his conceptual example, he assumed Cobb-Douglaa 
preferences and the exia_tence of a monotonic- mappin&" from con8'lmer income to 
the housing attribute. a 

While Rosen and Quigley have demonstrated that the imposition of 
su.fficient atruc-ture on preferences and income di•tribution (and aupplier 
characteristics in the case of endogenous · supply) in principle allow• 
calculation of the hedonic price functiqn, the empiriad relations hip. between 
the structure Qf preferences and the form of the hedonic price f unction h• 
not been explqred. In this chapter, a aimu•lation of an open city houain&" 
market, with given preference stru.eture and a fixed supply of housing 
attributes, is used to examine this relationship. Two different u tility functiorts 
(Stone-Geary and translog), and four di!fe-rent income dia•t.ributiona (uniform. 
aegmented uniform, Pareto and normal) are uaed in' the simulations. Box-COx 
flexible forms are used in estimBting the hedonic functions in each case. We 
find no clear empirical relationship between consumer prefer e nce parameter• 
and the structure _of the hedonic .equation. Quite different mathematical 
, . , ..... ~•·· · · -- - ....... ........ .. .. : __ , • • ..J , _,, •• , .. "· . .,.1 •• · - " t!-• •; -, , .• , ' ' ' · 

income ia varied, even with prefere nces and auppl7 held conatant. One 
implication of the_ chapter ia that when the reaearcher ia merely in.tereated in 
estim,sting the h~cfonic function, use of a b,est fit ap,proach, su ch as a Box-Cox 
flexible form, wjt.hout takin~ account of consumer preferences, will, in t he rare 
worst case, lead to a reduction in the efficiency of estimation. Thia case 
occurs only when we know the exact form o f the hedonic price equation. 
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6.2a. The AIJ,,calion Model 

In our model, consumers choose between locnting within the city or on the 
periphery. The periphery is assumed to be composed of an undifferentiated 
ngriculLural plane. 1! all consumers have identical preferences and income, 
lhe existence of the "agricultural bundle," denoted z", nvailable in unlimited 
quantities at a fixed price, p", sets a-n exogenous utility level, U", that may be 
U!-cd lo solve for the equilibrium housing price structure. When individual 
incomes differ, uA is still exogenous to households, but varies among 
households according to income. The bidding process will ensure that house 
prices within the city adjust such that all consumers achieve their exogenous 
utility levels set by z", p". This model is thus an open city model in the 
sense that household well beini' ia tixed by exogenous factors. We have used 
this model because it. makes the deterllllnnt.ion of equilibrium relatively simple. 
Note that this model requires only open competition tor sites among buyers 
a nd sellers, with the potential tor migration, to ensure equilibrium. No 
migration need occur. The real alternative is not migration but commuting. 

The equilibrium in -· this model is determined by the adjustment ot 
housaholds. Households move among sites with exogenously given attributes 
u ntil the households with highest. incomes occupy the best sites, where beat i• 
determined by a separable component of the preference function. Havini' the 
p reference function separable in z means that rankings among different 
bundles of z are not affected by other arguments ot the utility function, in 
our case x or y - p. Thus if ,U(xo,z1 ) > U(x0 ,za) then U(x,zi) > U(x,za) tor-
any x. Then the allocation can precede the determination of the hedonic 
price. Any rankinc of sites based on the attributes will depend on the 
preference function. Different. preference functions may i'ive different 
rankings. Once household equilibrium is reached, the hedonic price is 
determined ae if a monopolist owned the site. The hedonic price ie bid up 
until each household, i, is just as well otf as it would be with the agricultural 
bundle: 

A A 
U(y . - p., z.) = U(y. - p, z) 

l J J l. 
(6.1) 

where Pj is the hedonic price for bundle j. Expression (6.1) is the essence of 
l he bid rent model. 

The utility maximization model yields the marginal conditions which derive 
#.,.-.""' •'-'~ r.-n'-'1,....!'f"' 

o r 

• ax{U(x,z)ly = h(z) + x} 
x,z 

max U(y-b(z),z) 
z 
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which of course yield the necessary conditions 

b. = U./U 
1 1 X 

(6.2) 

where hi • c,h/"Zi nnd: Ui • aU/«Jzi• Wheaton (1977) has dcmonst.rat.eq thal a t 
1,;q1,1ilibrium,. the "outer envelope of c0nsumer bids exactly represents the price. 
profile obtained when con.sumer·s max_imize utility and demand balances existing 
supply" (p. 203). Hence, we may characterize the household e·quilibrium by 
the marginal bid functions: 

where the bid function B is defined implicUly in terms of utility by the 
function U(y-B,z) : UA and Bi • IB/IZ.j_-

The structure needed to derive analyti~lly o.r numerically the equilibrium 
hedonic price relation depends on the assumptions one - is willing to ~e 
about how the market op'!rates; consumer preferences !':.nd income diatribution. 
For example, in the open city model, if all consumers have identical 
preferences and income, solution of the K partial differential equations given 
by (6.3), given the exogenous utility level, UA, plus the boundary conditions, 
is sufficient to characterize completely the hedonic price equation. 

I 

In practice, the hedonic price equation is more complicated. It depends 
on the household allocation process as shown by Quigley (footnote 6, p . 183). 
Two characteristics of the preference function significant for the allocation 
process are: 

1. Whether there is more than one attribute. 
2. Whether the preference function is separable in the partition x 

and z . 
I! there i-s only one attribute,- then the assignment of households to sites will 
be invariant to preferences. However, when there is more than one attribute, 
even simple pref'erence functions of the same form but with different 
parameters wm giv·e different rankings. It the preference function ia not 
separable in x,z, then the equilibr,ium allo<".ation of sites to hpuseholds depends 
on the equilibrium price. In order t" know the rankings, one must know the 
hedonic price. With separability, the ranking is invar,iant to the hedonic 
price since the subutility function for housing at.tributes becomes ''the quality 
• 't I 1 ' I ... • • • I ~ • • ,.- 1 • ' . .. . . . : \ j~ 

hedonic rent function" (van Lierop, 1-982, p. 281). In practice, the equilibrium 
hedonic price function would be solved numerically, and where there ia no· 
separability, iterative methods will be needed. 

One noteworthy conclusion emerges concerning the open eity model. 
Polinsky and S'havell (1976) have shown tor a . model with ho.~ogeneous 
households-, "in a small open city the rent at · any location depends on the 
level of amenities at that loeation" (p. 123). When incomes vary, this 
conclusion no longer holds. A change in the amenities at one site which 
changes t~e rela~ive rankings of sites can cause a change in the whole 
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hedonic g r <1dicnl. Th is change occurs because eve n when t he household's 
ulilil y level is pccged by exogenous factors, as in ihc open city case, the 
a ssignme nt of households to sites must be done with in the city. That is, we 
nee d s ome mcchnnism to describe equilibrium wi thin the c ity when hou seholds 
a.;-e not identical. We have c hosen the approa~h of allocating sit.e s to the 
highest bidder. Jf the dist.ribuUon of otLributes OD1ong households c hanges in 
the sense t hat the rankings c hange, the equilibrium must a lso chang e. 
Imagine a change in the ottribute vector that converts the worst site into t h e 
best. Then the rankings of all sites will change, and the price at each s ite 
must. be recomputed. When households' preferences and incomes are the same, 
l~c assignment docs not matt.er. 

6 .2b. Simulations 

In t his section we simulate the market described above, where preferences 
are identical, supply is fixed, and incomes vary. Our goal is to determine how 
hedonic price functions vary. The steps used in the simulation• are: 

i) Rank each housing bundle using the subutility function; then asaign 
consumers to houses based on their income ranking. Thia is 
equivalent to assigning housing bundles to the highest bidder. 

ii ) Compute the exogenously determined utility level (UA) each household 
would receive if the bundle zA were bought at pA. 

iii) Calculate the price each household would have to pay for its 
respective site to give it the aame utility level (UA) it would receive 
it it chose the alternative bundle zA at prices pA. 

iv) Estimate .the hedonic equation, using a flexible functional form, by 
regressing a transform of the calculated prices on the hedonic 
characteristics. 

Simulations were run using two different preference functions, the 
S tone-Geary: 

3 
U(~,z) = (1

0
ln(x - 6 0 ) + j!lflj ln(zi - 6j) (6.4) 

and t he translog: 

3 ~ 3 U ( x , z ) = fl ln x + I fl . l n z . + • 5 , I 6 . .1 n z . l n z .. 
o j=l J J i j lJ 1 J 

(6.5) 

' ! • 

hundred and fifty house attribute vectors were generated using random 
drawings from the uniform distribution. Each vector contained three 
elt.rihutes. Four different distrihu t ions of income wer e generated: uniform, 
segmented uniform (a combined sample composed of drawings from two 
independent uniform distributions to simulate a segmented housing market), 
Pareto and normal. (The parameters of these income distributions are alao in 
the appendix.) All incomes were scaled so that each distribution had a mean 
or 20,000. Hence, under any distribution of income, aggregate incomes are 
equal. Since both utility functions are aeparable, it was possible to rank each 
bundle using the housing sub-utility function. Housing bundles were then 
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m.:llched with incom!.!s , and hedonic prices were calculated based on the bundle 
zA = (5 1 15,20) avail.:1ble at pA = 2000. 

One hcdonic price fu nction was estimated fo r each combination of 
preference functions and income distributions using Box-Cox flexi.ble forms, 
similar lo the approach of Halvorsen and Pollakowski (1981 ). The general form 
of the hedonic equation was: 

ex ... z. z .• 
lJ l J (6.6) 

Table 6.1 gives values of • for different m.odels.3 In ~eneral, the tits 
appeared excellent. T-statistics wer.e very h~h and over 90% of the variation 
of the transfor med dependent variable was explained. 

w·hile the estimated values of • do not 
functional form, they certainly play a big r~le. 
of the estimates of • is from -1.2 to • 79. There 
the behavior of the hedonic prices as a function 

TABLE 6.1 

tell the whoie ,story about 
In ihese examples, the range 
are substantial differ en_ces in 
of attribu tes. 

Transformation Parameter for· Quadratic Box-Cox 
Bedonie Price Functions 

Preference Function 
Income 

Distribution Stone-Oeary Translog 

Uniform .49 - .13 

Segmented Unifor m - .47 - .87 

1·-u.J, I,;~ -.1. • .:. - .1.Ub 

Normal .79 .65 
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As is np;iR rcnl from t he above resulls, lhe parameters of Lhc hcdonic 
pl'icc func:.ion ~ re s~nsilive to both Lhe specific fo rm of Lhe preference 
functions and Lhc distribution of income. While it is difficult lo gencrnlize, it 
seems that the hedonic function is more sensitive to variation in the 
distributfon of income. For example, the nwximum varialion in •, given the 
distributio n of income, is .62 (uniform}, wher~aa the maximum voriaLion in •• 
given the preference function, is 1.99 (Slone-Geary). This result is consistent 
with the presentation in the last ,section which showed that the hedonic 
function arises from the joint interaction of consumer preferences, income 
distribution, market sl1·uclu.re a n d t.he chai·acterislics of the e,c;,isti-ng stock ol 
houses. 

We conclude that our empirical a b iUt.y to determine the influence of 
preference parameters on the hedonic price equation is virtually nil. For 
practical considerations, then, one may assume that the prefere-nce parameters 
and the parameter,s of the hedonic price function are not intertwined in any 
way that is not already obvious from examination of the consumer's equilibrium 
conditions. From the perspective ot an empirical description of the housing 
market, when the desiderata a:re the parameters of the hedonic function, little 
will be lost by direct estimation of the h:edonic equation, withc~t tskir,g 
preferences into account. 

6.3 The Welfare Effects of an Exogenous Change in Attributes 

We are ultimately interested in using the hedonic technique to determine 
the welfare effect.s of changes in air pollution and other environment.al pol­
lutants which in!luence the value of locations. Our simulation model provides 
a labora tory for experimenting wit.h changes in exogenous attributes. By 
conslructing the market, we can see precisely what happens as locations are 
improved. 

Calc ulating welfare measures i'n hedonic markets raises a number of issues. 
These issues have been the focus of considerable and deserved attention. 
Work by Freeman has been es,pecially crucial here (especially 1971, 

0

1974a and 
1974b); in addition, papers by Polinsky and Shavell (1976); ·Polinsky arid 
Rubinfeld (1977); Scotchmer and Fisher (1980): Bar,tik and Smith (1984) and 
Brookshire et aj. (1982) have de11lt with the problem. · 

In t his section, we appraise five welfare measur,es using the market that 
\.,. - ... ~ - ~. - ... , - ,l 'T" L - - ....1 .. • c- • a .... ..,. .-. ,- ft _1 I .. : • • . .: ... _, ' , .. ' . ' ' , , ,, ' 1, 

calculations before and after adjustment to an exogenous change i n 
environmental quality~ 

In the following section, we investigate the welfare effects on a change in 
z 1 • Using this attribute as an instrument requires some explanation because 
z 1 is, after all, an endogenous variable in all the models of attribute choice so 
far investigated. However, z 1 is exogenous at the aggregate or market level, 
since its p hysical distribution cannot be influenced by household behavior. 
We can imagine the following· events. A government agency institutes a policy 
which improves air quality. With households remaining at their houses, this 
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c!i:1ngc in nir qunlily is exogenous. Under a variety of circumstances, 
hOl',cvcr, lhe chunge in this attribute will disturb households' locational 
equilihrium. Households will then relocate a ccording to the equilibrium 
mcch:111 i$m, and at the new equilibrium, according to hedonic theory, prices 
will appear 'as if' households chose alt.rihute levels. 

Initially we calculate f ive kinds of welfare effects. The first fo ur are 
estimates of t he benefits of an increase in Z1 assuming_ that. no r elocation 
occurs (partial analysis). The fifth is the change in the hedonic price at the 
sile after relocation and a new eqµilibrium is established. The five measures 
are: 

Ml: Suppose we hav·e solved the identification problem, so that we have 
the parameters ot the ma·rginal rate of substitution function. Then we can 
compute the change in the area under the marginal rate. of substitution 
schedule, holding the marginal utility of the numeraire constant. The marginal 
rate of substitution is given by · 

1U(x,z)/1z. 
mi(x,z) = aU(x,z)/lx

1 
= 

IU(x, z)/IZ 
1 

where X is the marginal utility of income and the price of x is unity. Holding 
X constant, we have 

Ml = lz~ 
zO 

l 

m (x,z) dz 
l 

= (U(x,z*) - U(x,z0 ))/>.. (~. 7) 

Note that Ml is in units of A$ = :~ AU. . For X aP.pr.oximately const&Dt, Ml is 
approximately equal to the compensating variation tor a change in z1 • 

Compensating variation_, denoted CV, is defined by the ex pression 

U(y - p - CV, z*) = U(y - p, z0
) . (6.8) 

With X constant, th-is expression can be written (via Taylor's series expansion 
eu 

because X = - ) as •x 
TTfv - ... ..*, - \f'V ... TT/v -- ... ~o, 

Solving for CV gi_ves 

CV= (U(y - p, z*) - U(y - p , z 0
))/~ 

= Ml 

when x is substituted for y - p. This measure is an exact measure of com­
pensating variation only if the marginal utility of income is constant. Ml is 
typically the measure used when computing the area under a hedonic 
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"de mand" curve, as jn Frccm,rn's (]974a) equalion (4). IL requires that the 
irh m l1ficalion problem be solv~d because the parameters of the utility function 
u1 c needed. 

The exact measure of compensating variation is calculated by solving 
equation (6.8) for CV, rather than solving the Taylor's series expansion. The 
result, (where Uy1 denotes U inverted for y) 

CV + p = y - Uy 1 [U(y-p,z0 ),z*1 

is simply the household's bid for the house with attributes z*. The exact 
value for Ml is therefore 

Ml = y - p - Uy 1 [tJ(y-p,z0 ),z*]. (6.9) 

M2: The predicted change in the hedonic price: 

(6.lC) 

where 7 is the vector ot best parameter estimates for the hedonic. p rice 
e quation. This is an approach to computing the measure suggested by Lind 
(1973) as an upper bound approximation to the benefits of a public 
improvement. Brookshire et 1al. (1982) use M2 aa an upper bound of the 
willingness to pay for improvements in air quality. Thia measure can of 
course be used without solving the identification problem. 

M3: The linear approximation to Ml: 

M3 = 4z 
I 

(6.11) 

where 1U/1zi and >. are evaluated at the initial bundle. This measure is used 
by Harrison and Rubinfeld (1978) but since their "demand" function is linear, 
it amounts to the same as Ml. Since in equilibrium (.tU/fZ1 )/>. = 1h(z,7)/1z., 
this measure is typically computed using the hedonic slope, thus not requiring 
tht1t. tl1c idenlificalion problem be solved. 

M4: The linear approxim111t.inn t..n M2: 

H4 = •z1 · 1h(z,7)/1z1 • (6.12) 

Since it is computed without the hedonic price equation M4 is a frequently 
used measure which may be viewed as an approximation of Ml or M2 because 
in the Rosen model the elope of the hedonic eq.uation equals the "demand" 
f unction in equilibrium (see equation 6.2). Freeman (1974a) notes that in the 
standard equilibrium case this approximation will be biased upward (p • . 81). 
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The measures Ml t h rough M4 assu me lhat the households do not move in 
res ponse to the disequilibrium created by an exogenous change in ottribules. 
The fina1 mc,.H1ure, MS, is calculated a fter households move; 

t-15 = P* - P, (6.13) 

where p* is the price which emerges ~f'ter relocation and p is the original 
price. This calculntion was made from the actual prices at th.e locations. It 
accrues to landlords because, given lhe as:sumption of a s,mall open city model, 
the utility of all homeowners will remain constant. Thus, the increase in rent, 
~5, -is the maximum amount landlor-ds are willing to pay rather than go without 
the c'1ange in the •attribute. This measure i11 the correct one for the benefits 
of changing z 1 in this open city case, as stated by Polinsky and ShaveU 
(1976): "In ihe open city, the chimge in the agg.regate property values 
corresponds to the total willingness to pa,- <>n behalf of all parties" (p. 125). 
When aggregated across h6useholds. M5' correctly measures total benefits: 
"·Benefits ••• equal the total of all changes in land rents,. positive and negative 

" (Lind, p. 189). 

The computation of MS, t.he change in rent, ·requires the following steps: 

i, compute U0 (z·*), the separable part of the utility function, and rank 
the bundles according to U0 (z*); 

ii. rank households according to t.heir incomes; 
iii. associate eae.h bou·sehold with the lo~tion of corresponding rank; 
iv. calcu\ate the hedonic price that would make the household indifferent 

bet.ween its equilibrium site and the opportunity bundle. This afivea 
P* from which MS can be calculated. · 

For housing attribute improvements, MS will exceed the exact measure of 
the restricted partial equilibrium welfare change, the maximum sum of 
households' bids for their current houses as given in (6.9). As Jong as only 
improvements occur, adjusting the equilibrium wili allow some hauaeholds to 
move to better houses, end none to worse houses. The open city assumption 
insures that each household's utility is constan,t, so that households will 
al-ways pay thei.r compensating variation. 

The measures Ml-M4 are calculated for each household expe,riencing a Az1 
of 5 units, and summed across households for each dis.tributil:)n of 

summed across sites for each distribution of income-utility function combin­
ation, These res.ulta are presented in Table 6.2. 
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Income distribution 

uniform 

segmented unif ona 

Pareto 

normal 

Income distribution 

uniform 

segmented unifonn 

Pareto 

normal 

TABLE 6.2 

Alternative Measures of Welfare for 
Exogenous Changes in an Allribute8 

Az 1 = 5 

.M2 M3 

Stone-Geary prefer~ces 

85921 219540 121039 291012 
74727 3:34641 99735 475685 
643(:i2 521563 85148 63oi29 
77076 405051 10,3817 464901 

Translog preferences 

120162 193432 165925 319434 
106154 89266 144197 28710'6 
90109 8569 121251 11952 

108316 355053 147425 474126 

a The initial range of supply is given in •the appendix. 
b The appr"Oximate measure calculated according to equation (6.7). 

M5 

85241 

74968 

63914 

77621 -

118450 

106523 

88922 

108985 

The calculations in Table 6.2 present some surprises which give insight 
not only into welfare meRsurP.s but also into the working of the hedonic 
market. Order.-of-magnitµde erro~a are found in several different wa;rs. M4 
overstates Ml by almost an _order of mag·nitude for the Pareto distribution and 
C:-• -- .,... - -•· ~-·· · " •. , ··""' . • ..,... • ' . ~ ,. 

; 

mag nitude. M2 and M4 typically overstate the other more acceptable meas.urea. · 
Let us look at · the standard graphical analysis of Ml, M2, M3 and M4 at 
equilibrium. Figure 6. 1 show" the equilibrium as the tangency bet.ween h(z) 
and the bid function at z 1 : 
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hedonic 
price 

I * 
1 

Alternative Welf&Te Measures 
Figur~ 6 . 1 

Th.e beat mea•ure ot the vaJue or an increase in z 1 , . assuming no 
relocation, is Ml in Figure 6.1. At equilibrium, the marginal rate of 
substitution betwe.en the numeraire and z, equals the slope ot the hedonic 
price equation. Hence M4 should equal M3, and with co·ncavUy of the bid 
function, 

M4=M3>Ml. (6.14) 

Further, when h(z) is convex, we have 

M2 > M3 = M4 . (6.15) 

Now let us look at Table (6. 2). We find the following obser;vations: 

b. M4 > M2 implies &z 1 1h/lz1 > h(z+&z) - h(z} 

The result (a) violates the idea that each attribute is in equilibrium at the 
margin. Result (b) contradicts the convexity of the hedonic price equation. 

These results shed aome light on the he,donic practices. They pertain 
primarily to the use of the hedonic price eq\:iation. Consider (a). We ~now 
that the equilibrium p rocess ensures that at the margin, each household bids 
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its wi llingness Lo pay tor the ith attribute. Yet when we complete the process 
o f eslunaling the equilibrium bids as functions ol attributes, and c alculating 
the marginal hedo nic pric es, we find considerable differences between the 
know n marginal bid and the slope of the hedonic price function. There are 
two explanations for these differences. First, the number ot households is 
finite, and we have only points on the hedonic price functio n, not the exact. 
func tion. Second, while all hedonic functions fit well, they still fit. 
imperfectly, a nd the nonlinearity of t.he hedonic slope will in general prevent 
its expectation from equaling its true value. That is, the expectation of a 
function of a random variable will typically not equal the function of t h e 
exp-ectation of the random variable, except when the function is a simple linear 
one . 

Result (b) suggests that we could draw the hedonic price equation as in 
Figure 6.2. This shows the hedonic price equation to be concave in the area 
of some z 1 's. First, this does not violate optimality conditions because they 
require only that h(z) be less concave than the bid function. Second, from a 
practical econometric perspective, nothing about. t.be choice of functional form 
of the hedonic price equation restricts the chosen function to having the 
r i~t,t. curvature. Thus, while tha Box-Cox met.hod may allow the reaeoarcher 
statistical flexibility, it makes it harder to keep track of whether the apparent 
household equilibria fulfill the appropriate convexity condition•• 

h(z) 

\ 

I I 
Welfare Measures iD a Concave Neighborhood 

for h(z) 

FIGURE 6.2 
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These results have implications for the identification problem. If we can 
calculate accr.p table be_nefit measures from the slope of the bid function (M3), 
ond we ar,e confident that the ho1,Jscholds' equilibrium ol the m!irgin holds 
(M3=M4}, then we could neglect the identification problem. From Table 6.2, we 
cun se.e that linear extrapolations of the marginal bid (M3) provide •in the ball 
park' approximations of Ml. M3 exceeds Ml .by 35% - 40%. This result 
depends on the parameters of the preference function , and cannot be 
generalized. But what is more important is t.hat the hedonic slope misses the 
marginal bid considerably. Since in _applications, our only knowledge about 
marginal bide comes .from the slope of hedonic equations, it. would seem 
somewhat premature to worry about (he ide,ntification problem. Consequently, 
one conclu.sion from this simulation is t.hat:. we need to know more a_bout. the 
distribution of the slopes of the hedonic price equation. 

As a consequence of the diacrepanci~s in w-elfare measures., we have 
discarded M2, M3, and M4 for fur ther experiments and will concentrate on the 
restricted · partial equilibrium measure of willingness to pa)" (Ml) and the 
actual cha:nge in rents (MS). 

Table 6.2 shows that t .he change in r-ents after the relocation is quite 
close to the households' appro~imate willingness to pay in the restricted caae. 
In ord,er to assess the potential znagnitude of differ·en~s we have calculated 
Ml and MS ror three additional changes in z 1 : 

i) Az 1 = 1 

ii) Az 1 = .2z 1 

iii) Az 1 
{8 for worst half of the sites (1-125) 

= 0 fOF other sites (126-250). 

These results are presented in Table 6.3. In cases (i) and (ii) there is little 
chang~ in the equilibrium because all bundles are im,proved, and lit.tie reJt&On 
to expect differences in Ml and M5. Hence we have approximated Ml. as in 
equation (6.7), keeping the marginal utility of income constant. In case (iii), 
where Lhere i.s considerable reshuffling, we calculate the exact Ml according to 
equation (6.9) . The two measures are quite close for the small change·s in (i) 
anrl (;i) . Fn.- r-Ai:IP (;.;;\, th,- rh .. .., . .,.. ;" th,- .. ,. ..... ;,..,...., ••r~1H .... ..-... ,.r,, !,-. r ·-,•· .,...!'~ ~ 
LI,, o~ ~h w J.U.-. 1~&H 1.han the change in rents, . a result consistent with theory. 

Finally, recall that mean household income and hence aggreg!lte income a re 
the same in all models. Consequently, given the preferenc'e function, the only 
reason for variation among the m'easures is the distribution of incomes. For 
the case of substantial distributional change in the .attractiveness of the sites 
(iii), there is more than a two-fold difference in the extremes of the estimates 
of changes in rents. This case occurs when we compare MS for the uniform 
(62180) and Pareto (30545) distributions of income. Thia result is one of 
aggregation and while the· qualitative aspect is not surprising, the size of 
diff'erence is. It· suggests that the distribution of income is an important 
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dele rmi•1:rnl o f \·:illingness lo pay for changes in ai r qualit y, and that 
s ub~Lanli:1l inuccuracics can occur by ignor ing t h .is distribution. 

TABLE 6.3 

Further Comparisons 01' Welfare Changes 

Ml M5 

Az 1 1a · .2z,a rnb 
__J_ ~ rn 

Stone-Geary· preferences 
Income distribution 

uniform 21917 54356 59661 21879 53832 62180 

segmeo~ed wd~ol"III .. 18415 50347 34412 18470 '19940 39888 

Pareto 15720 46914 29614 15688 46481 30545 

normal 19112 51150 42971 19225 50778 47027 

Translog preferences 
Income distiibution 

uniform 30847 72516 80176 30727 71243 84154 

segmented uniform 26924 67218 48659 26949 66536 55889 

Pareto 22687 60437 43281 · 22590 59711 44698 

nonnal 27514 68064 58637 27612 67426 65247 

a Ml is calculated according to (6.7) , its approximate value. 
b For thi s case, Ml is calculated according to (6.9), its exact value. 
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TABLE 6. 4 

Calculating Welfare as Changes in the Rent 
of Affected Sites Only 

Income distribution 

unifon11 

segmented uniform 

Pareto 

no:.r.al 

Income distribution 

unifon11 

segmented uniform 

Pareto 

normal 

tz- = {~ 

Sum of 
Rent Changes 

M5 

Sum of Rent Chapges 
at Affected Sites Only 

Stone-Geary preferences 

62180 

39888 

30545 

47027 

. 84154 

55829 

44698 

65247 

48047 

28441 

24204 

33706 

Translog preferences 

68956 · 

42367 

37327 

505_77 

As our last experiment, we calculated what the estimate of benefits would 
be if, after relocation, we looked at the affected sites only, The only case 
where not all sites are affected is the case where Az1 = 8 for the worst half 
of the sites. We know from Freeman (1974b} and Lind (1973) that far ,this to 
serve as an upper bnund, the willingness to pay must be identicAl Among 
households. (Thia is directly, related to t.he Polinsky-Shavell result that in a 
small open city, housing prices at any area location are independent of other 
1 . .-.- 1 : .... . . :~ 11 \.. . ...... 1 ; .1.!r , • •-1 , , , • ••~1 \ , •• • ! • • • 1 ·l•!"!'" 

so.me r ents go up and some rents go down when the equilibrium changes, but 
all households' willingness to pay will go up, because everyone n:aovea to a 
better house. _ But in the open city case, we get the same result if we sum 
households' bids or landlords' rents, and we know that the sum of houae~olds' 
bids will increase if we allow adjustment. Therefore, looking at the rent 
changes at the affected aites. only will .understate' the welfare change in th.e 
small open city when households differ by income, It is interesting to look at 
the magnitude of these rent changes and their variation across preferences 
and income distributions. The results are shown in Table .6,4, where the 
complete measure (sum of rent change.s) is compared with the sum of rent 
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c han~cs on affected sites o nly. Th is table again shows the considera ble 
varia lion in the measure s a c r oss income d istributions. 

6.4 Conclusions 

In th is c hapter we have simulated an op e n city h ousing market in order 
t.o iJJ vestiga le the determination ol hedonic pdces. This simulation market has 
anowe d us to address· two .topics: (l) the inf'luence of preference parameters 
and t he distribution of income on the estimated functional form of the hedonic 
pric e equation a nd (2) the relationships among the various restricted measures 
of welfare and the post-adjustment change in rent, all induced by an 
improvement in the attributes of locations. · 

There are two principle findings with regard to the functional form of the 
hedonic price equation. First the distribution of income plays as strong a 
role in determining the functional form as preference parameters. Given any 
preference function, we can induce substantial changes- in the form of the 
hedonic equation by changing the distribution of income. Thia result conforms 
with r esults of Rosen and Quigley and supports the use of beat fit techniques. 
Further, one may take the hedonic equation as part of the household 's 
exogenous budget constraint.. Second, care must be taken in applying beat fit 
techniques. While there is no necessity for the hedonic price equation to be 
convex, gross departures from convexity seem unlikely. It is poasible for 
Box-Cox methods to yield many kinds of curvature• • 

We have also learned some important lessons in the use of the hedonic 
price equation for welfare measu'rement. Despite excellent fits, hedonic price 
equations may not give good estimates of marginal bids. And Box-Cox 
estimation techniques do not necessarily yield hedonic price equations which 
have curvature appropriate for welfare measurement. Thia suggests a careful 
look at the distribution of marginal prices. How does the distribution of the 
marginal bid vary with parameter estimates from the hedonic ·price equation? 
This sort of question will be explored in detail in eucceeding EPA work. 

We hav e shown that for small changes in a single attribute, aggregated 
households' restricted willinatness to pay is only a modest underestimate of the 
c hanges in rent. Further, we have shown that some attention must be paid to 
the distribution of income (and other household characteris.tica) in computing 
aggregate benefits. 

"'"' \.. • . . . • ! t •• • •• 1' 11/t I , • ~ . . . 

of a simulation model in exploring the workings of hedonic markets. In 
additional work for EPA, we will use this approach with much more realistic 
data on housing markets t.o assess hedonic techniques. 
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CHAPTER 6 

FOOTNOTES 

Mc Connell is with the Department of Agricultural and Rcs·ource Economics 
of the University of Maryland. T. T. Phipps is with Resources tor the 
Future, Washington, D. C. 

In his empirical work, Quigley used a GCES utility f unction. 

The coef'fkicnts tor the model (6.6) were estimated via maximum likelihood 
using SHAZAM's 'BOX' routine. 
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APPEN1>IX, CHAPTER 6 

Parnmetc.rs of Sj111ulation Model 

Stone-Geary 

0 l 2 3 

.8 . 06 .04 .1 

1000 5 15 20 

Translog 

111 = . 06 Ila = .04 ,, 
4ij 

1 2 3 

-.3 .15 .2 

. 15 -.2 . 5 

.2 .5 -.1 

of z were generated as follaws: 

uniform (6,26) 

uniform (16, 26) 

uniform (21,31). 

= . 1 

The distributions of i~come were generated as follows: 

,4 • ...,.,..,lvJ. ... l ·""'•""'"'• .lv,vvUJ 

2. seoaent.ed unifoni 
a. J:l:«i nh~er'w,tions unifonn [5,000, 15,000J 
b. 125 observations uniform [20,800, 40,000] 

3. Pareto generated as y = y 0 (1-u)• where•= - 1 / 1 • 2 , Yo= 4000, and 
u is uniform [0,1] 

4. normal (20,000, 225· 10'). 

Each distribution was transformed to have a mean of 20,000. 
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CHAPTER 7 

SHOULD THE ROSEN MODEL BE USED TO VALUE 
ENVIRONM·ENTAL AMENITIES? 

Maureen Cropperl 

7,1 Introduction 

There ia a large literatu.re in both urban and environmental economics 
which attempts to value site-specific amenitiea--aecess to workplace or air 
q~ality--using data on residential proper-ty valuea.2 With few exceptions these 
studies appeal for their theoretical ju•ufication to Rosen'• model of hedonic 
markets, and they follow his· two-stage procedure in valuing amenities. In the 
first stage property value• are regressed on housin• characteristics and 
location-specific amenities to estimate an hedonic price function. The part.lal 
derivative of this function with respect tp an · amenity is interpreted aa the 
marginai value which conaumera place en the amenity. In the second •~e 
marginal amenity price, C:Omputed from the hedonic price function, is re1treaeed 
on the quantity of the amenities consumed and household characteriatica to 
estimate a marginal willingness to pay function. 

The purpose of this chapter ia to discuaa ~hy these procedure• may be 
inappropria.te for valuing location-specific amenities, and why a discrete me>del 
of location choice may be preferred to th:e Rosen model en theoretical .-rounds. 
Reasons why the Rosen model may be in:appropriate fall into three categories. 
First, some amenities are inherently discrete (whether a house has a river 
view), implying that th.e individual cannot make marginal ·adju·atmenta in the 
amounts consumed. The assumption that marginal adjuatmente are possible, 
which is crucial to the Rosen mode), is therefore unwarranted and renders the 
model inappropriate. 

A second difficulty occur$ when amenities w:hich are in principle 
continuous assume only a tew values in an urban area due to economiea of 
scale in produc:.Uon. Example• of theae include hi•h school quality, which can 

' • • # • - • 

• . • , ., ·• · • •. • , . • , •·J .._; ..... ....,'-' .. ,..._ 1,,,..,.,_-" '-- ._. • ...., ' ••-•~ ~'-"1-•v\.ih~J w••~ ~YW,u,,,_;, \J.1 .... ._; a.~ 

police force. The problem here is that local public .«oods, which require a 
minimum population tor efficient production, cause indivisibilities in the aet of 
amenities available (EllicJtson,. 197:9). Thus, aa wit.h inherenUy di.acrete 
amenities, the individual cannot make marginal adjustm·enta in quantities 
consumed. · 

'fbese two problems, of. course, are not .unique to the attributes of 
locations. In markets for differentiated products, such as automobiles, one 
,encountei;-s inherently discrete attributes (the number of doors on a car) and 
finds "holes" in the menu of choices caused by ec:onomies of scale. (Only a 
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few engine sizes are ava ilable lo consumers due to the large amounts of 
p,roduci-!.;pecific cnpit.ul required for engine manufacture.) The third difficulty 
with lhe Rosen model is, however, unique t.o the location choice problem • 

. A key assumption of Rosen's model is that each characteristic of a product 
can be varied independently ot the others, subject only to a budget 
constraint. In the location choice problem, however, the attributes of locat.ion 
often cannot be varied independently ot one another. This is because these 
attributes are tied to geographic location, and the choice of geographic 
location is a two-dimensional choice. Thus, if one wishes to model location 
choice as choice in amenities apace, one must add the constraint that the 
choice ot amenities l, ••• ,g determines the amounts of amenities g+l, ••• ,n 
consumed. Constraint• ot this type destroy the main result ot the Rosen 
model, viz., that each amenit7 ia consumed to the point where its marginal 
value to the consumer equals it.a marginal price.· The two-sta1re procedure 
described above ~herefore cannot be applied. 

The foregoing prqJ,lema are discussed at length below. SecUon 7.2 
reviews the Rosen model and discusses whether the model should be applied 
when some characteristic• of •ooda are available only ·in diacrete amount.41. In 
Section 7 .3 the model is applied to the choice ot residential location. Thia 
means that aceographic conatraint• mu• t be added to lhe problem, and the 
sect.ion explores the implications of these constraints for location choice in 
amenities apace. The difficulties diacuaaed in Section• 7 .2 and 7 .3 can be 
resolved in part by estimatin., a diacrete model of residential choice, ln which 
the objects of choice are •eographical location•• The atructure ot such 
models is out.lined in Section 7 .4. Section 7 .5 conclude• the chapter. 

7.2 Consumer Choice in an Bedonie Market 

· In the model developed b7 Rosen to explain product differentiation under 
pure competition alternative brands of a product are indexed by an 
n-dimensional vector, .!, ,!Rn, which deacribes the amount ot each at.tribute 
provided by the brand. In the special case in which the consumer purchase• 
only one unit of the brand hie utility is a function of the vector .! and the 
q~antity consumed of a numeraire •ood,_ x, 

U -= U(x,,1). 

U is a ssumed t.o be strictly increasing in 
.,. _ ,.t ,.,.!' , . r , ,.,. ,,. . .... -4 ! . , 1 . 1 ,... .,.. 
s u bject t.o a budget conatraint 

P(,!) + X " Y, 

'l '..,.. 

(7. 1) 

x, atric.tly quasi-concave in (x,z) , .,,,-1 \ 
. ! .. ~ • ' 

(7.2) 

where y is income and p(,!), the hedonic price function, gives the unit coat of 
the differentiated commodity as a function of the attribute vector .&• In 
Rosen's presentation the set of !•• available t.o the consumer is infinite and 
P (!) is assumed to be differentiable. 

For the present discussion two feat.urea of the model should be 
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emphasized. One is that t he consumer is free to choose each attribute of the 
brand independe11Uy of the o t hers, subject only to his budget constraint. 
The other is lhal his choice set is infinite. Together these assumptions imply 
thal lhe consumer e quates the marginal valµe of each attribute to its marginal 
price, 

1.U/IZ.. 
1 i = 1, ... ,n. (7. 3 ) 

Equation _(7.3) impliea that the derivative of th'e hedonic price function with 
respect. t.o ameniLy i equo.li; the conaumer'a willingness t.o pay for t_hat amenity 
al the level he is currently consuming. It also justifies the second stage of 
the R<>sen procedure in which the coefficient.a of the marginal willingness to 
pay functions (t.he lett.-hand-atdea 0.f (7.3)) are estimated.s -· -

In the notation of this section the problem of inherently discrete amenities 
occurs when some of the Zi'• can assume only a countable number of values. 
For example, in choosing an oven the characteristic "fuel t7P8" can assume 
only two v:alu~e, gas or electric. Poll'mally, suppose that z 1 can assume onl7 
two values. but that the other Zi'• •re available in intinltel7 dlvieible quantit.lee. 
In this case the marginal rate of aubstit.ution of z, for z la, of course, not 
defined, and (7 .3) does no-t appl7 when i = 1. The choice of & is now a mixed 
discrete--continunus choice problem. Conditional on zu the remainiq n - 1 
equations in (7.3) can be aolved together with ('7.2)' to 7.ield conditional 
demand functions for x and for amenities z, ... ,n. Upon aub•t.itut.inc theN 
functions in (7 .1) one obtains an indirect utility function conditional on •u 
V(z 1 ). The value of z 1 ia selected which maximize• V(z, ). 

When z 1 is inherently discrete one ia still intereated in meaaur~ the 
parameters of the utility functirl>n • inee willingneu to pa7 for di~rete 
changes in z 1 is well defined. Thia can be done b7 aimultaneoual7 e• t.imatin• 
the last. n - 1 equations of (7.3), the hedonic price function, and an equation 
tor the probability of aelectin• z.- Applying the Rosen model to dlacrete 
aU.ributes, however-, does not make much sense. The problem ia not aimpl7 
that the marginal willingness to pay function for z 1 is literally not defined, 
but that the .notion of a mar•in•l bid function assumea t.hat. the value• of ·.z, 
can be ordered. Thie ia usually not the case witt.1 inherently- di•crete 
am~t1ities, e.g., "fuel type" or "rive1.· view"; thus the Roaleri model cannot be 
viewed aa an approximation to realit.7 in this caae .. 

~ • •'--' ........... ... •• u•""'-' """"'-lUYvua. '"'"'-•·•uut.c11a_, th"'-" c&a -~huu, quc&UL)', na&vpen to 
be available onl::, in diacrete amo1:1nta is aomewhat different.• Althou•h tbia 
problem is formally equivalent to the problem of inherently diacrete attributes, 
and can be aolved aa a - mi.x-ed continuous-discrete choice probl~m, it differs 
from the foregoing problem in · one . import.ant res.pect: with attributes auch as 
school quality t.he 111arginal willingness to pay function ia a meanincful concept 
which one can try to approximate using the Rose:n 'model. 

To illustrate, suppose that ·z., the only amenity of interest, aaaumes three 
values within an urban area. The smooth curve, pictured in Figure 7.1 is 
fitted to these three point&, A, B and C, and the • lope of the curve at each ot 
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Figure 7.1 

. Bid Functions and Bedonie Price Functions 
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these points is interpreted as the marginal vnlue of z 1 to the perso ns 
consuming Lhat amount of the amenity. In reality, however, the slope 
e valua ted at. point C underestimates t he marginal willingness to pay for z 1 by 
person l , whose best choice of z 1 among t he t hree allernat.ivee is C. By 
contrast, the slope of the es timated h edonic price. frontier overestimates 
marginal willingness to pay for person 2, whose optimal choice is point A. The 
failure of (7 .3) to hoid for persons 1 and 2 biases estimat.es of the marginal 
willingness to pay function.; howeve-r, one suspects that this bias should 
diminish as the number of values of z 1 available increases. In this sense, one 
can ju1:1tify the Rosen model as an appro~·im~tion when there are "holes " in t he 
data. This is not true when the amenity, in quest.ion is inherently ,discrete. 

7 .3 Applying the Hed.onic Model to Reside.ntial Location Choice 

While the problem• discussed in Section 2 create difficulties in u s in~ 
Rosen's model to measure preferences for attributes, they are not proble ms 
unique to the choice of residential location. The problem• dia.cusaed in this 
sect.ion, however, have few counterpart.a in hedonic market.a · for manufactured 
product.a. 

The main pojnt of this sect.ion ia that when the model of equations (7.1) 
and (7 .2) is applied to residential }()Cat.ion choice additional cons-t rainta mu• t 
be placed on the problem because of t.he t.wo-dim~naional nat.1;1re of geographic 
choice. These constraints preven·t the houl!lehold from lndepen..dentl7 var7inc 
all n amenities and thus render. (7 .• 3) invalid. To emphasize that. -these 
constraint.a do not arise because o.f the discreteness of available choices , we 
assume that all n location-specific amenities are available in i.ntiniteb· divisible 
quantities.• Even when tb·i& ia tru_e, t._he choice of .! is constrained by the set 
of equations (7.4) which describes the vector of amenities available a t each 
point (u,v) in geographic space, 

i : l, . .• ,n. (7.4) 

Since the amenity vector consumed can be altered only by changing locat.iona, 
the set of available .!'• is implicitl7 defined by (7.4). 

To see intuitively why (7.4) may prevent t he individual from .indepen­
dently varying Hll n ame niti"~ c;•Jppose that two of the n amenities are access 
amenities. Specifically, let Zl = diatance to t he point. (u1,v i), i = 1,2, where 
(u 11va) and (u 21v 2 ) are two points "Qt interea.t , (e.,., the w9r~kplacea ot a two-

; • • \ I 'I • ~ .,. ,- , • j& • ., 

.. .. .. • JL .i •· • ~ .. " 

and sit)ce t he circumferences ot two distinct. circle• intersect in at moat two 
point.a, there are at moat two points in the u-v plane corre11pondina to an,­
fensiblc (z 11za) pair (sec Fia-ur-e 7.2). • This implies that once zl and Z:a are 
determined the individual has a t moat two choices for eac h of t he remaining 
n-3 amenities of interest. • ., 

The necessary conditions for locat,ion ch'oice in amenity space are 
. therefor e not. given by (7.3) if two or more am~nit.ies are acceas • menities . 
For Z1 and Z:a defined aa above the household would locate two points in 
geographic (and amenity) apace by choosing z 1 and z 2 to maximize (7. 1) 
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subject lo (7.2) , (7 .4) and a feasibility conslr ainl, (7.5), 

A 1 n A~ ~ 0 (7.5) 

where A = {(u,v) fz~ ~ (u - ui ) 2 + (v - Vi:P}. Zi-= 1,2. The household would 
lhcn locate a t the 1point yielding the higher utility. 

T his example g ives a specific and reasonable instance of lhe way in which 
the t wo-dimensional nature of location choice limits choice in amenities space. 
Suppose, however, that access amenities ar.e not ot interest to a household. I• 
c hoice in ameni~ies space still restricted by the two-dimensianal nature of. 
geographic choice? The answer to this question depends on t.he nature of the 
functions fi(u,v), i.e., on the distribution of ameni.Uea over geographic space. 
Consider the level· curves of two amenities plotted in' the u-v plane. If the 
distribution of each amenity ia monocentric .and radially symmetric then its 
level curves are, concentric circles and the same result obtains aa when lhe 
amenities are access amenitie,a : anx feasible choice of the two amenities 
restrict the household to two points in geographic space and hence to at most 
t.w,o values for each of the re.mainina- n-2 amenities. 

If the distribution of an amenity ia. asymmetric or if it ta multieenli"ic, 
then the number of possible in'teraection• of any t:wo level curves increases. 
Thia is illustrated in Figure 7 .3, which pictures level curves for total 
suspended particulates and distance from the CSD in Baltimore, MD. It is 
evident from Figure 7 .3 that t.he choice ot 60 pg/m' of particulate matter and 
five m-iles from the CBD no longer resli'icta the household to two "location• ; 
however, .only four f)Ointa satisfy these two amenity valuea. For a.merdtiea 
that occur in continuously variable amounts, it i• clear t.hat the choice of two 
or three amenities restricts the choices ~vailable for remaining amenities to, a 
finite number of points. 

At this point the reader may wonder how the foregob1g argument ia 
altered if some eite-a,pecific amenities are discrete, e.g., if the relevant 
pollution variable is an index which assumes only five- values. In this caae 
the level curves are ar9-a and no longer restrict the choice of other a menit.iea 
in the Qlanner described above.• 

It should, however, be bQrne in mind that for th.e two dimensions of 
geographic apace to .. restrict choice in amenities apace it ia necessary that 
only two amenities be continuous, with spatial distributions that are 
f'T"'\9"' ... -•;---.. • ---1 •• ~~ ....... _ ...... _.:,.. -- ,-- - .. - .. ,, __ _ ..... ,.,..;~ fll'f'llt-~~- , .•• . • -. • • r i •. · 

condition to •at.isfy in view of the importance of "distance to work" in houae- · 
hold ~ocation decisions.• In a two-earner household it ia certainly reaaooable 
that distance to each person's place of work is an importa.nt amenity in s o far 
as residential 'loca,tion is concerned.~ 0 

7 .4 Discre,te .Models of Residential Location Choice , 

Although con.ceptually different, each of the three problems described 
above h.as a similar effect on the household's choice of ainenitiea: it causes 
the . choice set to become discrete (at least for eom-e subset of a~enities) thus 
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violating lhe assumption~ of the Rosen model. 

This suggests that one consider disc.:rete choice models of residential 
location as a melhod ot v aluing site-specific amenities. In a discrete model of 
r esidential location the objects of choice are geographic locations , indexe,d i, 
where the set of all i is finite. To each location there corresponds . a vector 
of amenities fil· .As in the Rosen model, utilit.1: is defined over ~ a nd a 
n umcraire x. By making locations rather than amenities the objects of all 
c hoice, geogra phic ·restrictions are incorporated into the problem ipso facto. 

ln this framework, house·bold h chooses the location i for which 

is highest, where Pi is the price of location i. To make the model a stat.i&Ucal 
on.e, i1, is usually a·ssumed that utility ia random from th• viewpoint of the 
reaearche·r since he cannot observe. all attr-ibut:es of locations. Redefining !ih 
to include only those attribute• observable by the researcher, utilitT may be 
written as the sum of a deterministic term, Vih (gb,Yh - Pi), and a random 
t3,:-m a:ih• Vih• nlao termed "st.riot ut.ilit7," !a usually writ.ten aa a linear­
in-parameters function of Yh - Pi, .!ih and interact.a betw"n lheee variable• 
and household characteristics. The probability that household h aelecta 
location i i's gjven b7 

P(V'ih + Cjh > V jh + r: jh, all j • i). (7.6) 

To value site-specific amenities given data on residential location choicea 
one maximizes a likelihood function with individual teFms of the form (7c.6). If 
the { r:n1J are assumed to be identical17 distributed fer all i and h with a 
Type I Extreme Value distribution, t.he resulting likelihood function 
corresponds to the multinomial logit model. If choice .of house ia also 
obs-,rved, a ne•ted multinomial logit model fa usually aaaumed (McFadden, 
1978), Given eatimatea Qf the paramelers of Vib, random counterpart& of 
compensating and equivalent variatio.ne can be constructed for changes in the 
~ vector (aee Hanemann (1984)). 

7.5 Conclusion 

The purpose of this chapter has been to explain whj, the Roaen model may 
be inappropriate for valuing locat.ion-a_pecific amenities, -such aa air quality 
..,,_..., , ____ , ........ ..... ~>. . ""'· .~ - '!'"· ·~ • ,. ,. • ,r ,~!.!~ 

amenities are inherentl.y diacrete (e.g. , z 1 = location has a view of ·the beach), 
and if these diecrete variabl19a ·cannot be ordered, then Lhe not.ion ot a 
continuous bid function fo.r amenities is meaningless, even as· an approximation. 
In this case ·the Roaen model ia clearly inappropriate. A aecond but leas 
damaging situation occurs when amenities which enter the utility function aa 
cont.inuoua variables are available only in diacrele quantities for one reaac:,n or 
another. In this case one can at least view the Rosen madel as an 
avproximation to reality, which improves as the size of the diecrele eboi~ aet 
increases. 
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The third silualion emphasized in thie chapter occurs when the 
lwo-dimensionaJ nalul'e of location choice reslricls choice in amenities space. 
Here lhe amenities of interest enter the utility function as continuous 
variables and are also available in infinitely divisible quantities; however, the 
choice of two or more nmcnities restricts the number of choices available for 
the remaining amenities to a few. Since bid functions tor location-specific 
amenities are defined in case three, it is temptin~ to use the Rosen model as 
an approximation to reality, as one might do in case two. This, however, is 
not possible, In case two, equation (?.3) at least may be viewed aa holding 
approximately (see Figure 7.1). In case three, however, the first-order 
conditions of the Rosen model no- longer apply aince all n a10enit.ies cannot be 
chosen independently of one another. 

The three eituations described above arcue for the use ot a discrete choice 
model to value location-specific am.enitiea. In the first and second aituaUona 
the case for a discrete choice model ia obviou•• In the third it baa been 
demonstrated that. the choice of certain • ite-• pecitic amenities reatricta the 
household to a few point• in geographic apace and, hence, to a finite number 
ot amenity vectors. The reader, however, ma:, object that a diacrete choice 
ilt.:-.del is awkward when th~ number of choice• is large, and that a commonl7 
used discrete choice model, the multinomial logit, is flawed by the ueumptlon 
that the error terms are independently and identicall:, distributed. 11 There 
are several responses to the• e criticisms. 

The fact that the number of poseible residential location• la larare may be 
considered a problem tor two reasona, one computational and the other 
behavioraL The comput.at.ional problem ha• been treated by McFadden (1978) 
who demonstrates that for purpoaea of estimating the multinomial logit model 
each houRehold'a choice aet can be obtained ~Y sampling from the univer• a l 
choice set. Thus the existence of t.housanda of choices in the univer•al choice 
set need not pose a barrier to estimation. 

The more disturbing problem created by a large choice set ia behavioraL 
When the choice· set is large it i• unrealistic to assume that the individual 
compares all possible alternatives according to each attribute of intereat. Thie 
limit.at.ion ot discrete choice models can be overcome in two ways. U the 
choice set. has tree structure (e,ar., the household •elects an area of the city, 
then a neighborhood, then a house), onff can apply Tveraky'a hierarchfr,al 
eli111inalion-by-aapecta model (Maddala). In this model the individual select.a a 
sing le branch at each level of the decision tree, thus eliminat.in• all 

• j ·. • 1 •. ~ .. .. 
by Cha, i• to assume that the individual rank• alternative• accordin• to a 
small s ubaet of attributes and then compares only the k h1'heat ranked 
alternatives according to all attributes. 

The assumption that the random component of utility ia independenUy 
and ident.icall7 distributed acroaa household• and alternatives ie moat 
objectionable when the objects of choice are individual houses rather than 
large neigh borhooda. For example, it is unlikely that the uno~aerved 
attributes of a house are distributed independently of those of the house next 
to it. Corr.elation between the unobserved attributes of alternatives on the 
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lower levels of a decision tree is, however, allowed in McFadden's (1978) 
nested log1l model. Thus, t.be Jndependcnce of Irrelevant Allernat.ives 
property need not destroy discrete choice models. 

One final point. Alt.hough it would be foolish to pretend that discrete 
choice models are not without econometric difficulties, these difficulties must 
be judged in light of t he econometric problem of t he Rosen model, described 
in earlier chapters. From this perspective discrete choice models are a 
method of valuing environm,enial amenities worthy of consideration. 
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CHAPTER 7 

FOOTNOTES 

Department of Economics, University of Mo.ryland . 

Portions of this literature have been summarized by Freeman (1979a), 
Diamond and Tolley, and Bartik and Smith. 

For the coefficients of the marginal willinarness to pay functions to be 
estimated efficiently, these function• muat be estimated jointly with the 
hedonic pri.ce function, 

In the introduction the fact that some amenities are available only in 
discrete amounta was motivated by economies of scale in the proviaion of 
local public geode. .An analogous problem occurs if sttributea which are 
available in infinitely divisible amounta are coded a• discrete by data 
collector a. 

The consequences of relaxing this assumption are explored below. 
I 

There must be at leaat one point in the u-v plane correspondinar to 
(zuz 2 ) or the (zuz2 ) pair ia not feasible. 

If there is a third point of interest in the city, (z,, defined analogoual7 
to z 1 and z 2 ) the above ararument is even stronger, Aa long as the 
three point.a of intere• t in the city do not lie on the aame straight line it 
can be shown (see Appendix) that any feasible choice of (z11&a,Es) 

uniquely determines the household's areographic location. Once location is 
determined the levels of all other amenities are uniquely given by (7 .4 ) 
since there is only one value of Zi at each point in geographic apace. 

In Figure 7 ,2, for example, the area bet.ween 45 and 60 µg/~' might 
represent a single value of the pollution index. 

9 Empirical studies of residential location choice (Anas, 1982; Lerman, 1979) 
h::i1v• rnr,cr;qfp., • l~r ~,...,,""',., A;..,,..,. .... -"' fnr •~:"'., • ....,, • :.-,.._ \ • .'- .. , ....... ,,. •r- } • 
wt..w1o11.1cauly significant. determinant of household location. One difficulty 
in assessing the importance of distance to work within the Roaen 
framework is that any amenity which varies with household as well a s 
location cannot be valued unless all households are similar. Thus, in a n 
urban area with many work centers, distance to work center i may not 
have a st.atist.ically significant coefficient in an hedonic price function 
area, even thou,h distance to work is an import.ant determinant of 
residential location, 
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10 This assumes, of course, that. workpla'ce location is fixed as far as the 
residential location decision is concerned. If workplace location is 
determined jointly with residential lac.at.ion then the argument of Figure 
7 .2 must be applied to each workplace localion. As long as the number 
of pos~ible workplace locations ie finite the choice of z 1 , z 2 , (u 11v 1 ) and 
(u 2 ,v2 ) still restricts the choice ot amenities Z:, 1••·,Zn to a finite number 
of points. 

11 Th is assumption together with the assumption that each error term has. _a 
type I Extreme Value distribution gives rise to the Inde pendence of 
Irrelevant Alternatives property of t he multinomial logit model. Thia 
means that the probability of selecting alternative i d iv ided b7 the 
probability of aelect.in•g alternative j ia independent of the other 
alternatives available. 
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APPENDIX TO CHAPTER 7 

The purpose of this appendix is to prove that ony feasible choice of 
amenities z 1 , z 3 and z 3 where z 1 = distance to the point (ui,vi), i = 1,2,3, 
uniquely determines a household's location in the u-v plane, provided that all 
of the points (ui,vi), i = l,2,3, do not lie on the sam·e straight line. For a ny 
Zi the locus of points Zi away from (ui,Vi) form the circumference of a circle 
with r adius Zi• The result to be proved is that the circumferences of the 
three circles which are Zi away from (ut,Vi), i : 1,2,3·, intersect 'in at most one 
point, provided the point.a (ui,vd, i = 1,2,3,. do not lie on the same straight 
line. If the three circumferences do not inters~ct in at least •one point then 
t he choice of (z.,z2 ,z,) is not feasible. 

We begin by not.in1f that the circumferences of any two dist.in.ct circles 
i?tteraect in at moat. two poinia. Call thttae points A and B and let AB denote 
t he line joining A and B. (See Figu·re 'l.2 •. ). The line jd,ining the ce.ntef• of 
t he two circles must be perpendicular to AB. It A and B lie on the 
c ircumferences of two circles then the .center ot eac·h circle must be 
equidistant from A and B. The locus of points equidistant from any two 
points is a line perpendicular to the line joining the two points. Call this line 
XY. . 

For a third circle to intersect the first two in more .than one point it 
must pass through points A and B. We show that .this can happen if and only 
if t.he center of this circle lies on the line XY. To see that this ia possible 
only if the cent.er of the third circle lies on XY nete that the circle whose 
circumference passes through points A and B mu·at, by definition, be 
equidistant from A and B. However, the locus to points equidistant from an:, 
two points is a line perpendicular to the line joining the two points. · Thus, 
the circumference of three cf:rcle·a can inter.sect in more than one point only if 
their centers lie on the same straight line. 
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8.1 Int roduction 

CHAPTER 8 

SUMMARY AND ASSESSMENT 

The pu_rpose of the hedonic component of the }4aryland--EPA Cooperativ e 
Agr.eement, as originally defined, was te "solve the identif~cation problem in 
hedonfo models." Our conclusions con,cerning the id·entification problem, bas e d 
c;>n the reasoning of Chapters 3 and 4, in hedonic markets can be aolve':f only 
be assuming fairly. specific functional forms for preferences and the hed.onic 
price equation, without the ability to teat whether these for~a hold. Wh ile 
there may be occasions when household behavior conforms- with the necessary 
assumptions, the difficulties in atatis•tically testing such assumptions make the 
soh.tk,n to. Lhe identil'icaiion problem r&t.her unsatisfactory. Because we have 
concluded that identification of preference para.meters is quite d i,fficult,. we 
have also explored other issu.ea in hedonic models a~d 0th.er methods of asses­
sing the benefits of environmental improvement from housing transactions. 

8.2 The Identification Problem: Summary and Reaolution 

Two q.uestions arise in addressing the issue of the identification problem. 
T he ·lirst pertains to whether a solution exista. The second relates to Uie 
costs of the solution. 

8.2A. Can We Do It? 

The identification problem deals with the question: can we use the 
hedonic model to recover info.rmation about preferences? In particular, can 
the parameters of the preference functien be identified and t herefore used for 
determining the benefits of non-marginal changes in attributes? The answer 
to the basic question of identification ia 'yea', we can identify the parame.ters 
of preference functions un_der certain conditions. For par ticipants in a single 
market. who face the same bedonic price equation, we can identify their 
preference parameters in t he following way: 

, I .. . ... .., .. ~- - ........... ·"-to•• wlM-. -- .. w•""' '-'•-' -..M\,,; ••••'-~ ••• ...,I.A.., """'4-W.l."ci WVUC:.l c»U 1,Lu,1, JL 
can be . shown to be identified by traditi_onal exclusion criteria 
(Section 4.3A). The variables excluded will typically be nonlinear 
l r ansfo.rmaliona of endogenous variables. 

(2) Successfully estimate the whole aystem of equilibrium conditions 
using maximum likelihood methods (Section 4.3B). ,Successful 
estimation implies that preferences and the hedonic price equation 
have sufficiently different curvature to altow the maximum Ukelihood 
estimates to _converge. 

(3) Est~mat.e the reduced form with attributes as endogenous variables 
and show. that the preference parameters can be derived uniquely 
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fro m l he reduced form pnramc ters (Section 4 .3C, Appendix 4.A). This 
con be- uc:hicved in a very limited number of case s. 

(4) Eslimo. lc different linear hcdo nic price equo.lio ns from segmented 
marke ts or multiple market s and use the coefficients as prices in a 
traditional deman d sys tem with prices as parame te rs (Sect ion 4.48). 

Finally, for households i n d iffe r ent mark ets, we have an additional approac h : 

(5) Use marginal p rices from multiple-cities hedonic price equations, and 
estimate the system as Rosen originally int.ended. 

Of the five s uggested approaches, only the last makes use of the traditional 
Rosen t wo s tep model. Further while multiple markets may provide the baaia 
for ide ntification, the numerical questions of how many markets one needs and 
what addi t ional structure must be imposed remain to be investi•ated. It ia 
wort h e mphasizina that regardleaa of the chosen functional form, there ia no 
way to determine identification from the simple application of the Rosen two 
step a pproach in the single market setting. Thia holds even when we der ive 
t h e marginal value functions from an explicit utility function aa, for eJCaJDple, 
in Quigky (1982). {Soc Appendix 4.>., example 2.) 

Identification of parameter• in an equation ia always derived from prior 
information. In some cases t.he impoaition of p r ior information is innocuous in 
that. it. has no behavioral implications. For example, the normalization of the 
parameter on t.he dependent. v,riable in a aingle equation linear regression 
model is necessary for t.he estimation of the model but. baa no behavioral 
implications. On other occasions the imposition of prior information baa 
behavioral implications, but. is quite plausible. For example the structural 
p arameters of a model of an agricultural commodity m~ht. be identified by the 
p lausible assumptions that demand ia increased by increases in per capita 
income and suppl,- is increased by great.er aummer rainfall. 

The resolution of the identification problem in hedonic model• ia leas 
satisfactory. In · all of t.he five approaches to identification given above, there 
a re no simple and intuitive assumptions, auch aa rainfall influence• supply but 
not demand, to identify parameters. No such assumptions are available 
b ecause the basic equations which are aimultaneoua stem from th~ same 
actor s--the individual households from which the data are taken. Instead, the 
identification of preference parameter• in hedonic models comes ·only as a 
result of assumption• about functional form. We have s-hown, for example (in 
n-•"""'":--.- Ii 1~ A ')1\ ,t-. ,. , • I,.. !'"' ·· - .... r{'•-··•= · - ~ •'· · ' ·!

0

r' , ,-.-
' c ubic rather than a quadratic function will aerve to identit7 a linear marginal 

rat.e of substitution function. While in aome cases auch assumptions about 
functional forms are subject to nested teeting (for example when the hedonic 
price equation is recursive), in moat caaes they are not. Moat important, auch 
assumptions have none of the compelling plausibility that identities the demand 
for an agricultural commodity b,- omit.ting aummer rainfall. In sum, we can 
ident ity the parameters of preferences, but. only by imposing asaumptiona 
a!Jout functional form for preferences and for the hedonic price equation 
which rarely have any intuitive appeal. 
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In on~ sense, this result does not make identification in hedonic models 
quite as gloomy a prospect as it seems. Functional forms arc not devoid of 
economic content. The general r equireme n t for household equilibrium in the 
Rosen model is for the preference function to show more concavity than the 
hedonic price equation, The second order conditions have a certain economic 
force, JTowever, such economic content typically requires functions nonlinear 
in par ameters, and thus ignores some fairly significant prac tical hurdles, 
Identif.icatio.n of models nonlinear in parameters reqt.1ires successful estimation 
by maximum likelihood, an u ,nrealistic requirement for the typi~l model with 
many attributes. And converting to linear-in-parameter models by polynomial 
approximation usU:ally obscures the economic content. of functional form. Thus, 
practical reasons undermine the economic content ef .functions. 

T·hus we are in a position to identify t.he preference parameters of 
hedonic models, by imposing stru~ture on the mar~nal rate of substitution 
functions and on the hedonic price equation. Typically the assumptions 
rreeded to induce identification will be fairl7 severe and arbitrary·, but it 
identification g,iv~a us enough new information such assumptions may well be 
worthwhile. 

In sum, identification of parameters of preference functions in hedonic 
models can be achieved through assumptions abou,t functional form. s ·uch 
assumpti~ms· are commonly made in empirical work, but they are generally 
t&stable, In the hedonic model, they are typically not testable. Further, t.he 
gains in accuracy do not seem , to be worth it. If we use the hedonic model 
for welfare changes, we may as well uae the ,uideline• tor approximations laid 
by Freeman ten yeara ago (Freeman, 1974a). 

8.28. Is It Worth It? 

Whether identification, when conceptually feasible, iia worthwhile depend• 
in part on whether the implied behavior is plausible. Thus an important 
question in the cont.ext Qf identification is net whether the appropriate 
coefficients . can be recovered, but, whe~her the prior restrictions imply 
plausible behavior. As noted above, sta,ndard commodity models are identified 
typically by appealing to constraints on behavior: ·the level of rainfall does 
not affect the demand for :wheat. What aot_t of behavior is implied by the 
methods of identification implied by thi~ volume? 

First consider the· hed.onic · price equation. The results of bot'b Chapter 3 
"-~ ,.., ..... . . 1,, - ' ' .,. 

,,._,,,._ ! ' . ' .. - .. _. , .. ,~ 
price equation can help ident.ify the marginal rate of substitution equations. 
But other t.heor7 ·(Rosen, Qu-1'.ley) as well as t.he empirical results of Chapter _6 
de.monstratP. that no pArticuler behavior can be deduced from curvature of the 
hedonic pricf!I e·quation. As we showed in detail in Chapter 6, the preference 
parameters, the distribution of household tastes, and the distribution of 
amenities determine jointly the functional form of the hedon'ic price equation. 
Further, we typically have no , strong prior beliefs about this functional form, 
.but are tree to eatima.te beat fi~ting functional forms. Thus, part of the 
solution to the identj.ficaUon problem comes from the functional form of the 

· hedon.ic price equation, and only in rare instance• can we ascertain the 
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behavioral. implications of suc h forms. 

Results from Chapter 4 suggest that identification is likely to be enhanced 
by separability assumptions. Thal is, identification of one marginal rate ot 
substitution function is easier when it. excludes variables which ep~ar in 
other marginal rale of substitution functions. Such exclusion of variables 
occurs when the utility funct.ion is separable. This result. is in keeping with 
the literature on the estimation of demand systems, where it. has long been 
recognized that various forms ot separobility would reduce the estimotion 
burden. There is a crucial distinction, however, between assuming separ­
ability t.o r educe the number of pa.ramet.ere to be estimated in demand systems 
and assuming separability to identity parameters in hedonic markets. In 
demand systems, we can t.est lor aeparabHity. In hedonic market.a, we cannot 
typically test for the assumption of separability, tor without it, we do not 
even have p ref ere nee parameters. 

In the end, identification of preference parameter• in hedonic markets 
requires assumptions of unknown validity in the hedonic price equation and 
separability in the preference function. Our knowledate of behavior is not 
sufficient. f or us t.o orgue that aeparabilit;y of lhe preference functfor. is 
plausible. 

8.3 Suitability of the Rosen Model for Valuing Environmental Amenities 

Chapter 7 has questioned , whet.her the Rosen model can be ueed lor 
environmental quality. In Rosen'a model, which waa developed to ezplain 
product. differentiation, branda are indexed by an n-dimenaional vector ol 
attributes. In selectin• a brand the consumer ia faced with an infinite set ol 
a ttribute vectors and can choose each at.tribute of the brand independently of 
t he others, subject only to his budget constraint. Utility maximization thus 
requires that the marginal utility of each at.tribute (1U/lf.i/lU/1x) be equated 
to it.a marginal price. Thia Justifies the interpretation of the parttal 
derivative of the hedonic price frontier aa measurinat the mar~nal value ot an 
attribute to some consumer. 

Consumers in the land market, however, do not have aa many degrees of 
f reedom as purchasers ot manufactured products. Even when the set ot 
residential locations is infinite, ao that marginal changes in location can be 
made, the consumer cannot freely vary each of n attribute• of the houainat 
site. This is because the consumer has only two degree• ot freedom in 
r.,l"\ncri,in' ~ ,-pq;:,.f,..,n+;""1 o1•(' ••• "'~ ,....,._.,. ....... 1-r• '•- ' "" •:• .. ,.~.... ,,,_~ ' :""-.~~• •· .ot.-.. TT' 

making marginaJ changea in .latitude and longitude the conaumer muat weiath 
the effect of these chanarea on each of the n attribute• of the houainat site 
and compare a weighted aum of marginal va1uationa to the mArginal valuations 
to l he marginal ~•t of the move. The consumer is therefore unable to equate 
the marginal value of each attribute to ita price, and the elope of the hedonic 
price frontier with respect. to an attribute cann~t be interpreted u the 
marginal value of the amenity to the consumer. Since the conaumer cannot 
freely c hoose all elements of the attribute vector his demand (bid) functions 
for various attributes will riot correspond to those in Roaen'• model. 
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Since .much of the empirical work which a ttempts to value air quality 
follows Rosen's approach, t hese studies mus t be re-evalualed. One way of 
doing t.his is lo be compar e t he r esulls of t hese studies wilh t he results o/ 
alternalive approach es sug g ested in Chapter 7. 

8.4 Futu re Resear c h 

Our researc h on the hedonic model has focused on two iss ues: the 
identification problem and the use of the Rosen model tor env ironmental 
amenities. In the second cycle of our Cooperative Agreement., we plan to 
explore these iss.uea in several ditterent ways. First, we plan Lo pursue 
approaches which emphasize discrete choices or bids tor housing. The 
bidding approach will follow the work ot Ellickson (1981), Lerman and Kern 
(1983), and Horowitz (1983). The discrete choice models will fe>llow the work of 
McFadden (1978) and Anas (1982). We plan to develop and estimate a variet7 
of these models on several different. data set.a, with the emphasis on meaaurin• 
the benefits of improvements in air quality. In the process of developina new 
approaches, it. will be useful to compare the• e empirical result.a with empirical 
r esults from the Rosen model. 

While the departure from the Ro• en model means a loss of some int.uit.ivel7 
appealing properties such as continuity and equilibrium at the margin, lt alao 
gives us the opportunity to di•card or at leaat test two maintained but 
unrealistic h7potheais: perfect information and equilibrium. The discrete 
choice or bid models of HorowitE, McFadden and other• do not require an 
equilibrium in the houain• market. Further the7 do not require complete 
information. Hence this research direction not. only allowa ua to advance from 
a model which doea not seem to fit the residential housin• market in concept. 
It also allows us to model the actual purchase or rental of a houain• unit in a 
much more plausible way. 

Second, we plan to use the simulation approach of Chapter 6 to explore 
more workinara ot the hedonic model. We will enrich the simulation approach 
so that we are modelling the housing markets of discernible citiea. In 
particular, we will attempt to mimic the behavior of markets in Loa Anglea and 
Baltimore. Further, we will develop markets in a fair number of cit.iea to aee 
if we can determine in what c ircumstances the multiple market.a approach to 
identification will work. 

Finally, we have concluded that becauae there ia a feasible but perhaps 
..,_,_, "• •-- -' ~ •u ~:1- "'!- 1 • ••:- . .. & ,.. II -; ,., : ,.-t ... °' f ~,. ! ...... ,, ; ''" .... ... .. . . , !'.., .,..,. ~ I ~ t •~ l~ '1. -"l : '" 1 ,' 't ' t r 

proceed with bei:iefit estimation cautiously uaing the • lopes of the hedonic 
price equation. We will explore the atatistical characteristic• of these elope• 
for different fo!'ml!I of hedonic p r ice equations. 
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