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URBAN AMENITIES AND PUBLIC FOLICY

*
Timothy J. Bartik and VY. EKerry Smith

I. INTRODUCTION

Our textbooks routinely describe consumption in terms that
tw the uninitiated must resemble a glorified conversion procesc
== money into catisfaction. Commodities are the intermediaries
in thise procese. While this paradigm has been greatly re#ined in
the nearly two centuries sirmnce Bentham., the most important recent
contribution to the consumption analysise has begun with a
recognition of the sterility of thie "conversion process" view.
guperignce than "gulping down" an egquivalent repast behind one’s
desk (or televigion). Not all communities are alike. How often
have we heard a community described & a nice place to raise
children: or this city. town. orf neighborhocod has charm,
character., or whatever? Why? What are householdse consuming when
thev choose an attractive setting in which to live or work™ They
are consuming amenities. While this term generally connoctes
location—-tied goods, services, or characteristics that vield
pleasure, we shall use it to designate location charactericstics
with either positive or negative contributions.

Amenities can be classified using many dimensions, such &as
geographic scale, degree of permanence, and the extent to which
they «re phveically tangible. For example, cne can describe the

amenities of the United States inm comparisorn to the Soviet Unmidon
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oFr ., more narrowly, the NMortheastern portion of the U. 5. in
comparison to the Southwest. Further disaggregation to an
individual city, neighborticod, or even a single block will be
useful for many purpocsecs. Apmenities also differ greatly in how
rapidly they change. For example., the crime rate of a
neighborhocd may sometimes drastically increase or decrease
within a few yrares. In contrast, the climate amenities of Hawaili
are likely to remain the same for the foreseeable future.
Finallyv, some amenities are closely related to physically
measurable phenomena., while othere are quite subjective and
difficult to define. For example, the air quality of a location
can be phveically measured, and will have some range of definite
physical effecte on those who live and work in that location.
The "charm" of a historic neighborhoocd. on the other hand., is
likely to be more difficult to objectively measure.

There ies no doubt that the corncept of amenities should be
central to any realistic description of consumption. Nonethe-
lese, ocur ability to empiricallyv gquantify their importance
remainse limited. Over & decade ago, Nordhaus and Tobin (19733,
in their es=say on the statue of ecornomic growth, boldly stated
th-t the rnegative urban amenities were about five percent of GNP.
“v contrast, some three years later in & review article on
environmental economics, Fisher and Fetersen [1976]1 described
swzh efforts as pioneering but to be taken with a grain of salt.

Both before and after the Nordhaus-Tobin study. numerous
micro—economic studies have attempted to show the importance of

amenities. Models based on property values and wages have
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enjoyved sufficient success to have spawned substantial
theo;etical literature on the appropriate methods for measuring
and interpreting the effects of amenities on market price.

Before turning to our description of this work, we provide
some indirect evidence of the importance of urban amenities and
discuss the potential role for public policy in their provision.
Tabhle 1 summarizes per capita expenditurez on activities that are
cften associated with urban amenities -- education, police, and ‘
air and water pollution abatement programs, as well as measures
of the viclent crime rate and air quality for 20 of the largest

cities in the United States. In addition, based on the Annual

Housing Survey. we report & summary of the households® expres-
sionse of satisfaction with their perceived amenities and the
potential role of these amenities in their decisions to move.
While 1ndirect, fragmentary, and {in the case of the last set of
variables) subjective, these data do cffer clear evidence that
amenities are important components of both local governmente’
decisions and of the factors affecting household attitudes toward
their housing conditions and quality of life. Fer capita e:xpen-—
dituwres for education ranged from twenty five percent to slightly
larger than the per capita annual spending for national defense
acrosse these citiese, while that for pollution ébatement (air and
water at the city level) ranged from two to thirty six percent.
Ae these data indicate, the public sector is involved in
prowviding services thaﬁ are clearly related toc urban amenitiecs.
Folice exupenditures are an example. It must be recognized in
these cases that what is controlled by the public sector may only

bear an indirect relation to the amenity valued by households.

4
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For example., csafety of person and property would likely bear

L1}

clocser currespondehcé to the amenities desired than police
patrole or hours spent manning radar traps.

There are also examples where the amenity arises from
private actions and the public sector seeks to regulate or
influence these activities so as to affect what is available.
fAir and water gquality cannot be "produced” by the public sector.
Monetheless, by limiting the emissions of pollutants into the
atmosphere and water courcses, the public sector influences their
supply. In other cases, the mechanism is less clearcut. An
amenity may be the result of a long process —— & charming
rneighborhood, or quaint college town are not necessarily created
through the comsciocus actions of either private economic agents
or the public sector. 0Often they are accidents of history.
Nonetheless., local policies such as zoning. housing codes, and
community development programe can influence the prospects for
these amenities to arise and may maintain or destroy those which
alreadyv exist.

It must be acknowledged that economic research on the
relationships betweern policy and amenity supply, and between
amenity supply and household satisfaction, can not yet provide
precicse estimates for policymakers. Nonetheless, as we shall
discuss in detail, our theory and empirical resultse have
confirmed the importance of urban amenities to households.
Moreover., in some cases., the modele have begun to play a role in
the evaluation of policy alternatives. This is especially true

for air and water pollution policies. Estimates of the implicit
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valuation of reductione in the ambient concentrations of

pallutants have increasingly been & part of the benefit-cost

anal yses conducted for environmental regulations. While some mav
regard the use of the models amenity valuation in policy

analyees as premature., these models may provide better informa-—
tion to policymakers than the available alternatives.

Our review considers first the economic modeling of
household'e decisions concerning amenities and the implications
of this description for the use of observed behavior to evaluate
their importance. We believe the hedonic property value and wage
models provide the appropriate frameworks for analyzing amenities.
The hedonic model emphasizes that households can choose amernities
by chiooeing a location, and that these choices lead to equilib-
rium relastioncships between the market price of some commodities
(euch as housing) and amenities. There are two related questions
abbout these hedonic models that we will discuss. The first is
the appropriate interpretation of estimated equilibrium relation-
ship between housing priceese (or wages) and amenities. The seccond
ie the use of these models to estimate & household’s valuation of
changes in amenities.

Section 111 describes what we know based on intra and inter-
wrban analyses of the effecte of amenities on housing values and
wages. Rather than offer an exhaustive catalog of results we
have attempted to summarize the points of consistency in
available empirical studies and the areas where further recsearch
is needed. The last section discusses the research agenda

implied by the work to date.
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II. MODELING HOUSEHOLD SELECTIONS OF AMENITIES

The theoretical roots of the hedonic framework, which
provides the basis for a structural analysis of implicit markets
for amenities or other gualitative features of commodities, car
be found in the equalizing differences explanation for differing
wages by occupation originally posed by Adam Smith. Early
contributions to hedonic theory were made by Court [19411,
Houthakker [19521, Griliches [19611, Roy [1950]1, and Tinbergen
[19561. However, Rosen’s [1974] pathbreaking essay was the first
to provide & unified treatment of the modeling of implicit
markets. Rosen’s analysis provided & careful description of the
role of individuals® utility and firme’ profit functions in
determining the equilibrium rates of exchange for heterocgenecus
aoocds. With it, there was a descripticn of the relationship
between the hedonic price function and the behavioral
relationchips that underlie it.

In =simple terme. a hedonic price function describecs the
relationship between the equilibrium price of & commodity and its
characteristics. It i based on the presumption that there
existe & eingle market for & heterogeneocus good, such as housing.
Consequently, the equilibrium prices must assure that & matching
of diverse demanders and suppliers with differentiated "types" of
the commodity has been accomplished s that there are no
incentives for any of the participating agents to change.

Whern it is reacsonable to assume that individual economic
wgents (both househoclds and firms) cannot influence the prices

they face. then the hedonic price function is & double envelope
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== the highest bide of the householde for goods with varvinog

bundies of characteristics and the lowest offering prirces of

1
firms {(or suppliers) making them available. Equilibrium

requires that each type of agent is paying (or receiving) hie
respective marqinal willingness to pay (or marginal reservation
price) for the last unit of each attribute of the commodity
desired.

Fosen unified the diverse contributione toc this area by
hiaghlighting the essential dimensions of the.prOCESS leading tc a
et of prices and a market equilibrium for & heterocgeneous commo—
dity. At the same time, however, this simplification provided
the potential for misinterpretation of the model and ite rele-
vance to individual applications. Thus, we will consider in
detail the structure of the model when it is applied specifically
te the problem of & househeold’™s housing and locastional choices.
&n intra—-city framework will be discuseed first becauese the
analvsls can be confined to & single market, housing., under the
azsumption that employment decisions remain unchanged. Following
this discussion we will trest the case where both the housing and
labor markete can reflect the influence of amenities on
househcolde® decisions.

A. Household Choice in an Intra-City Framework

Househoclde as demandere and firms (or landlords) acs
cuppliers of housing with varvying bundlese pof characteristices are
assumed to be price takers. Moreover., in the intra-city
frameworhk, the household’ s employment decisione are treated as
exrxagencus to their selection of a tyge of housing. including with

=

it & set of site-specific amenities. Thus we can describe the



household as selecting a housing type to maximize utility subject

to the available budget and exicsting set of prices for the

housing types. These prices are generally assumed to be

decscribed using a function (i.e.., the hedonic price fumction).

More formally., the consumer will select &
i a
characteristics (including amenities), z ,

constrained maximization problem.

(1) Max U(z,s;D) subject to p(z) +x <y

z,X

vector of

to solve the following

where z is & vector of housing characteristice (including

amenities) that completely describe a house, p(.) ie the hedonic

price function for housing in the city, v

housing commodity (with a price of unity),

is income., ¥ 1& non-

and D 1 & vector of

household characteristice that describe the reasons for

differences in preferences acrosse individuales. The housing

supplier will choocse a z2

maximize profite in the problem

(2 Max M(p(z)) - C(M,z;S)
z,M

and number of units to offer, M. to

where C(.) is the cost function and § is a vector of supplier

attributes that describes the reasons for

all differences in

supplier ceocst functions. It could include factor prices.

variables measuring differences in firms’

technologies and other

-
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tactaore aftecting suppliers’ behavior eor constrainte.

' ‘ The behavioral outcomes described by these two
mectimization probleme correspond to an individual s demand and a
firm’es supply function. Market equilibrium involves a matching
of the desired housing types with what is offered. The exiztence
of the hedonic price function is what assures that the matching
will arise. That i=, if we assume that there is & diverse

popul ation of demanders described by a distribution for the D
viector of household characteristicse and & diverse set of
suppliers. then the price function is that transformation of
characteristice to dollars which assures that the distribution of
buridle=z demanded (based on the distribution of D across
househaclde) will correspond to the distribution offered {(based on
the underlying distribution of S across firms). Tinbergen L[1956]
appears to have been one of the first to offer an analytical
solution for this matching. In general, analytic solutions to
the problem for moderately complex descriptions of household and
firm behavior have been intractable.

Fosen aveoided the problem of deriving an explicit
arxlvtical form for the hedonic price function by speciftying the
exiztence of & continuous function to describe the egquilibrium
price set. This assumption permitted him to focuse on the use of
this equilibrium relationship in determining household™s marainal
willingness to pay and supplier®s marginal offer prices for
specific attributes of the housing bundle.

In particular, the marginal conditione from houcsehold
arnd supplier maximization require that for each burndle of charac-—

a
teristics, z . the marginal price of each attribute will be equal



similtanecusly to the marginal willingness to pay (or marginal
bid) and marginal offer price for the member of each of the
respective groups selecting and offering that bundle. This con-

-

dition is given in equation (3) below.

(3)

%_U__ aC
z A

oP a 9z
woC o ¢ T
ax 3 H

Each element in Equation {(3) is a function.
Conventional descriptions of this result have used a diagram
illustrating in two dimensione a cross—section of the n+l
dimensional equality implied by the eguilibrium matching. Figure
1 reproduces this format using the bid (W) and offer (B)
+uncticns.4

The diagram shows bid curves and offer curves (1.&..
the bid and offer functions holdina utility and profit constant.
respectivel y) . In thie illustration utility increases as an
individus! moves to lower bid curves in the diagram, because
lower curvees imply lower prices for the same housing bundle.
Frofits increase as & supplier moves to higher offer curves,
because higher offer curvee imply higher prices for the same
housing bundle. The individual will seek to move toc the lowest
possible bid curve subject to the constraint of the price
functiocn. Similarly, a supplier will seek the highest poscsible
cffer curve subject to the same constraint. The particular

demander and supplier shown in the diagram reach a maximum at a

10
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poant ¢ where bid, hedonic price, and offer curves are tangent.

B. Reversing the Logic: The Hedonic Price Function,

Preferences, and Costs

The hedonic price function is a relaticneghip that
definesz the exchange rates required for an equilibrium. A
sclution of the differential equations describing this matching
implies that the price function will depend on the distributions
assumed for the types of households and the types of suppliers.
More specifically, since the price function brings the
distribution of demands into correspondence with what is offered
or equivalently the distribution of what is supplied into what is
desired, the function can be described in terms of the parameters
wf either of these distributions tocgether with the bundles cffered
or bundles desired. It would seem reasonable to expect that
given knowledge of the hedonic price function and distributians
of agente”™ characteristics and bundles, we could directly
retrieve the underlying demand or supply parameters. However,
ouw inability to find explicit solutione for the hedonic price
function in terme of the parameters describing individualeg’
preferences and suppliers’™ cost structure prevents thie approach.

These difficulties have promoted an alternative
strategy in using the hedonic framework. This involves
attempting to retrieve the marginal willingness to pay and
marginal offer functions from the information provided in a
hedonic price function. While this objective has provided a
motivation for & substantial amount of economic analysis, it has

not proved to be as direct (or simple) as Rosen’ s original

11



decscription of the process seemed to imply.

To illustrate these difficulties, in Figure 2 we
provide an alternative description of the eguilibrium condition
in terms of the marginal functione corresponding to the bid,
cffer, and hedqnic price functions given in Figure 1. What we
can cbserve {(by the joint assumptions of market equilibrium and
ability to specify pfz)) is the equilibrium prices for all
possible housing bundles. This implies we can retrieve
information on points of intersection of the marginal bid, offer,
and price functions. Only the marginal price function i1s known.
It is, by definition, the partial derivative of the hedonic price
function. While our assumptions imply that Equation (3) is
zatisfied at each marginal price, this merely suggests that there
existe a feasible matching &t the given attribute vector. It
does not imply that the same economic agents would be involved in
each edxchange implied by that matching. Indeed, the presence of
distributions for D and S as explanatione for the diversity in
demands and offers impliecs that we must interpret these marginal
prices as single pointe on different demanderse”™ marginal bid (or
suppliers”™ marginal offer) functions.

We emphacsize that thics problem is quite different from
the simultaneity problem that ie conventionally discussed in all
demand and supply models. We are not implying that there is &
simultaneity between some individual®s marginal bid and another’s
marginal offer function which must somehow be disentangled. Eoth
households and firms are price-takers. However, both face &

nonlinear price function and an equilibrium condition that

-3 Ol ..
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requires & matching. A= a result, marginal prices., the bundle
attributes, and the charactericstice of individual suppliers

(demanders) are all endocgencus to the individual household®s

S

(firm"s) choice. Attempts to retrieve the marginal bid or offer
functionse must reflect this endogeneity.
£. Amenity Supply in the Hedonic Housing Model

Our description of the hedonic framewocrk thus far has
implicitly maintained that &1l characteristics, including
amenities, &are produced by individual housing suppliers. Az we
rnoted at the outset, & single specification of the process under-
lyina the supply of amenities is unlikely to be very useful for
most applicationse. The factorse determining the supply of ameni-
ties vary rather subcstantially depending on the specific amenity
under consideration. The examples we identified in the inmtroduc-—-
tion were intended to i1llustrate the ways in which the public
sgctor might influence this process, but also serve to reinforce
thise conclusion. It ie somewhat surprieing, given that concern
over & public sector rocle in the supply procese for amenities has
motivated much of the research on valuation of amenities, to find
that =uplicit analytical models of amenity supply are largely
non—=xistent in the literature. Diamond and Tolley [19321. for
example, define urban amenities as location—-specific goods that
are often nonexcludable once access to their location is acquired
(and therefore have some features of & public good). but suggest
only that their supply can be influenced by private economic
agents and the public sector in comple) ways.

In most cases, it ie probably reasonable to assume that

the supply of urbam amenities is fixed over the time horizon that
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is relevant to the market equilibrium described by the hedonic
price function. Clearly. goverrmment expenditures on public
services —-— education, law enforcement, fire protection, and the
like, influence the supply of the amenities that are associated
with these activities. However, the connection is neither direct
nor sufficiently fast to-warrant specifying a supply responcse
mechanism. In other cases where regulatory decisions or the
joint decisione of group:s of economic agente together influence
the amenities available, this assumption i=s even more defencsible.
History will matter particularly for the latter of these
influences. To assume otherwise would &dd significant
complicationes to our model of the equilibrium process. That is,
the decisions of demanders and suppliers of housing about their
location. housing consumption, and supply levels are made subject
toc some maintained pattern of amenity supplies within the
metropolitan area.b The householdes that select each
neighborhoed, and their behavior and characteristice. together
with the housing production choices of neighborhood landlords,
affect each neighborhood® s amenity supply and a pattern of
amenity supply for the metropolitan area (as the collection of
these neighborhoocde) i=s the result. If we were to maintain that
amenity supply was endogenous —- in assuming there was an
"instantaneous" response in the quantity supplied of one or more
amenities to the collection of household decisions and that
households recognized that their decisions together with those of

others influenced these supply outcomes -- then we must be

prepared to change the equilibrium concept ucsed to describe the
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market. The new description must either specity an irnfdormation
=et tﬁat precludes strategic behavior or deal with the potential
implications of strategic considerations for the equilibrium.
Given the real world, time—-sequenced nature of amenity supply.
these cseem. in our judgement., to be refinements in the models
that are not warranted.

D. Marginal Bid Functions

Under the assumptions of market equilibrium and &
correct specification for the hedonic price function for housing
in & given area, estimates of this function permit the derivation
of & collection of values of the marginal bids for each
characteristic of & housing unit, including the site-specific
amenities. These estimates are not confined to a single marginal
bid (or willingness to pay) function. In order to estimate an
individual " valuation of incremental changee in any particular
amenitv’s level, we must use the relevant marginal willingness
ten pay function. A major portion of the literature in thie ares.
and a considerable amount of controversy, has surrounded the
process of retrieving this information.

There are several important dimensions of this problem
which remair confused in much of this literature. They can be
crganized acs responses to four specific questions.

1. Can some form of the marginal bid function be specified
so that it is capable of empirical estimation?

2 I= there sufficient information inm a single market
hedonic price function to estimate the marginal bid
functions for housing characteristics and urban

amenities”™
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e Assuming that marginal bid functions can be estimated,
what 1e the appropriate interpretation of the bernefit
estimates derived from them?

4, Does non-linearity of the marginal price function limit

the interpretation of the marginal bid functions?

The answer to the first question is yes, if one
modi+ies the marginal bid function to remove the unobservable
utility level. The marginzl bid function used in Rosen's
analysis and most subsequent work is essentially an analytical
device comparable to a Hicksian demand function. It describes
marginal bids holding utility constant. Just as it is posesible
to recognize that at anv consumer equilibrium for & conventional
good (i.e.. with & constant price) the Marshallian demand
intersectse the Hicksian function evaluated at the utility level
realized with the given pricee and income, there will correspond
to the theoretically defined marginal bid function an
"wurncompensated"” function. That is, the procese of substituting
for the utility level realized &t the optimum in terms of the
wtility function (or the indirect wutility function) provides an
expression for the marginal bid in terms of observable arguments.
More specifically, 1if YV represents the realized level of utility

(4) describes the process analytically.

(4) M - £(z,v;D) = £(z,U(z,x;D);D) = £(z,x;D)

16
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The marginal bid in this formulation depends on the chosen
housing bundle, the level of non-housing expenditures, and demand
variables.

The second question must be answered with a negative.
distinguish the marginal bid from the marginal price function.
This point has been surrounded by confusion. since Rosen firest
described the process of isolating a marginal bid furmction as a
"garden wvariety identification problem”. It is not, as we have
cbeerved earlier, & question of disetinguishing demand and supplwy
motivations as some authors seem to imply (Rosen [19741, Epple
r1?821. Brown and Rosen [19811)., and Brown [1983]1). While there
1s interaction between demandere and suppliere in defining the
hedonic price function a8 & descraption of the conditions
reaquired for an equilibrium matching., &ny one economic agent 1s
an atomicstic component of the process and therefore takes the
prics schedule as edogenous.

What needs to be distinguished for identification is
exch wf the types of marginal functions. That 1e, each must be
capable of being icsolated from the marginal price function
implied by the matching of all agents in the market equilibrium.
Thie 18 a comparable logical problem to the classic
identification problem referred to by Rosen, but it is not
resolved by conceidering the operations of the market in the
agoregate (as implied by Freeman [19791, Harrison and Rubinfeld

[19781) or by describing the actions of the alternative

17



participants in the market (e.g., suppliers for the marginz] bid
or demanders for marginal offer).

In principle, the diestinction can be accomplicshed with
the use of additional information —— either in the form of
functional structure or specific sources of variation in the
marginal price function that are not associated with the
diversity in marginal bide across householdse. The first of these
can‘be ac simple &s postulating a different functional form for
the marginal bid (or marginal offer) and the marginal price
functions. This approach has cften been accepted tooc quickly as
the resolution of the problem, without an adequate justification
for 1te maintained assumptions {(see Linemann £19811, Harrison and

Rubinfeld [1978] a= examples). A= Diamond and Smith [1982]

cbeserved in considering this approach:

"Such & procedure will yield estimates, &s it provides
the additional constraint needed for identification of
the demand equation. However, the estimates will ,be
as arbitrary &= the assumptiones underlying them".

By contrast. Quigley [19821 begins the process with the
specification of a form for the individual’®s utility function and
derived the marginal bid functions from it.

The second source of information for distinguishing the
marginal bid and price functions arises from pooling separate
estimates of hedonic price models across housing markets under
the assumption each has a distinctly different hedonic price

function. Given that the source of variation in the marginal

price functione across markete is not associated with the levels

18
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of fhe demanders” charactericstics, these functions, with
%u%fi;ient variation, will "trace out" the marginal bid function
for each characteristic. Of courcse., it should be acknowledged
that resolution of the locaical problems posed by identification
does not imply that bias will not be present in estimates of the
parameters of the marginal bid function. While we will return to
this issue below, it is important to acknowledge at this stage
that in contrast to the textbook identification problems
{discussed primérily in terms of simple linear simultaneocus
equation models) the restrictions identifying one or more of the
structuwral functions in a hedonic framework do not necessarily
have a specific role in the definition of the estimators for
structural equations such &s the marginal bid functinn.a

Even if the issues &ssociated with both of the first
two questions can be resclved, the best which can be expected
from benefit estimates derived from a marginal bid function
(i.e2., the answer to our third question) is the eguivalent of an
entremely restricted partial equilibrium measure of an
individual ' willingness to pay. For example. suppose the air
guality 1n an area deteriorates. 1f moving coste or other
adjustment coste prevent individuale from changing locations in
response to this deterioration (i.e. we effectively hold &l1
pricee and quantities constant for the indiwvidual). then the
marginal bid function for air guality can be easily used to
analvze the coste of a marginal decline in &ir gquality. The
marginal bid function for air guality shows how the household's
marainal valﬁation ot &ir qQuality changes as &ir guality

declines. Ey integrating between the before and after levels of
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alr guality, an estimate of an indiwvidual’s total valuation of
the decline in air quality can be derived. Given e)xogenous
information on the change in rents assocciated with the air
quality change, the total valuation can then be compared with the
changes in rent in the area to determine the net effects on the
individual of the de:line.q If one only wants to determine the
total benefit losses due to the decline., the rent changes can be
igrnored because they only represent transfers between demanders
and suppliers. But thecse simple benefit losses become incorrect
if houeehold relocation and the associated complete adjustment is
allowed. |

Finally., non-linearity of the hedonic price function
{and the associated marginal price schedule for any individual
characteristic) has important implications for the demand
parameters in the hedonic model. These parameters cannot be used
for as= many purposecs as those of an ordinary demand model.
Consider, for example, an ordinary demand function in which
quantity demanded is expressed as a function of the equivalent of
& constant marginal price, income, and demand shift variables.
This function can be used as a predictive relation given prices
and income. By contrast, the demand parameters derived from a
hedonic model cannot be used for prediction. MNon-linearity
implies the budget constraint cannot be easily parameterized by
observed marginal prices. Both marginal prices and quantities
are simultanecusly determined (see Bartik [19831]).

Equally important, nonlinearity implies that few &

priori constraints can be placed on estimated demand parameters.
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For example, there i1s no presumption that there is a negative
}Elafionship between the guantity of a characteristic and the
marginal bid for that chararactericstic. This is true even for
the compensated marginal bid function. The second-order
conditions for the individual®s maximization problem simply
require that the chosen bid function be "more concave" than the
hedonic price function. This implies that the compencsated
marginal bid function must have a more negative slope than the
marginal hedonic price function. But because of non-linearity,
it i= quite possible for the marginal price function for some
characteristic to have a positive slope. Hence, the marginal bid
function can incresse with gquantity of the characteristics
involved.
E. Inter-City Models of Amenity Selections

The preceding modelese have been intended to decscribe =&
subset of a household’ s possible decisions in that locational
decisions were assumed to be made within a single metropolitan
area. The most important aspect of this assumption is that the
implications of a household’ s decisione concerning the site
specific features of a housing choice would be confined to the
housing market. Employment decisions were assumed to be
uriaffected by these selections. Of course, this was a simplifi-
cation. In addition to choosing amenities by selecting a
residential location within & city, individuals may also alter
amenities by their choice of a city in which to live and work.
The choice of a city is more complicated to analyze than the
within-city locational choice for several reasons.

First, the choice of amenitiecs across cities involves



two hedonic markets., the labor and housing markets, not just the
housing market. Clearly, individuals consider not only a city’™s
amenities, but ite wages and housing prices in choosing a
location. Orie would e:xpect wages to vary acrocsse cities aside
from any effects of differential levels of gmenities &= a recsult
of variations in the local cost of living.lu When we asswne that
locational decisions can involve movement among cities, the
amenity choice problem facing individuals becomes more complesx
because the choice is now made subject to twoc hedonic price
functions, one for the labor market and one for the housing
market. Theee two functions aricse as part of the requirements
for an egquilibirum matching involving both the housing and the
labor markete simultanecusly.

Orne of fhe most important issues that arises with this
generalization i1ie the extent to which inter-city amenity
differences will be capitalized into wages versuse rents. This
will depend toc a great extent on what is assumed about the
recsponse of labor demanders and housing suppliers. Each
characterization of household adjustment in amenity selection
will have implicatione for both the capitalization issue and the
proper interpretation of the partial derivatives of each hedaonic
price function in relationship to an individual’®s willingness to
pay for changes in site specific amenities.

A second complication with an inter-city choice
framewcrk arises in considering how to incorporate the variation
in amenities within cities into the model. As we implied, the
model could consider the simultaneocus choice by a household of a
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iob and & residential site., given whatever pattern of amenity
;vaifahillty occurs within and across cities. However,
characterizing the with;n—city variation 1s not an
inconsequential tacsk., especially once it ie recognized that
measuwres of the levels of amenity variables are themselves often
difficult to formulate. Consequently, the most common procedure
in inter—-city empirical studies has been to examine how wages
and/or rents vary with the average amenity levels of each city.
implicitly assuming either that the amepity levelse are constant.
or that they vary systematically within the city with another
variable that is-inAthE model , such &ae distance from the central
businecss district (see Cropper [1981]1 &as an example).

To date mo model has fully addrecssed &ll1 these
complexities. Roback [19821 and Rosen [1979] have proposed
similar models of how amenities affect both sides of the labor
and housing markets. However, both models ignore intra-city
variations in amenities and assume & fixed city boundary.

Other researchers., such as Henderson [1982], and Clark,
b.ahiri, and Ofek [19831), allow for inmtra-city variation in the
amenity along with accese to the central business district. In
addition, these modeles allow for an endogencusly determined city
boundary. However, this second class of models does not develop
how the firm°s choice of a city‘will be affected by wage. rent,
and amenity differentials. The theoretical work of this second
group of researchers implies that, controlling for commuting
costs, inter—-city amenity differentiale will be reflected in
wages. While both sets of models are incomplete, they do serve

to illustrate the implications of joint consideration of the
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labor and housing markets as well as the assumed behavior of
tirms in decscribing these marketse” equilibrium cornditions.

In order to understand their respective strengthe and
veaknesses, a brief ocutline of the ecscentials of each model will
be discussed before turning to the empirical implementation.

Roback™s model assumes that all workers have identical
tastes., and a fixed labor supply, and all firms have identical
cost functions assocciated with constant returns to scale (CRTS)
production technologies. Workers® indirect utility functions
can be specified in terms of the city’s wage rate, land rentsl
rate, and amenity levels, all assumed toc be constant within the
city. For eguilibrium, worker’s utility level realized must be

constant (at k) across cities, as in (S).

(S) v(w’r’é) = k

where w isgs the wage, r the land rental rate, and A& the vector of
amenities. Firme® costs are alsc assumed to depend on wage
rates, land rents and the amenity vector. For equilibrium,
firme® unit costs in each city must be equal to the product
price, which is assumed to be a constant across cities.

Normalizing this price to one yields Equation (&6).

(6) C(w,r,A) = 1
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Tc describe the equilibrium wage and rent gradient, assume there
e a single amenity and totally differentiate equations (5) and

(&) with respect to A. Soclving the resulting eguaticns for w

dA
and %2 vields:
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where all the subscripts indicate partial derivatives with
respect to the subscript wvariable., L(A) is total land in the city
with amenity level. A, (assumed fixed) and » 1is total production
i the city.

Several acspects of the Roback analysis are important to
highlight. First, while the framework explicitly identifies &
firms® production decisions with the specification of cost
function given in (&), her framework is essentially equivalent to
that proposed by Rosen £19791.11 Hies model postulated that
households were self-producers of a consumption good with & fixed
capiltal stock and thereby attached the amenity and productiwvity
effects directly to the household. As we observed in Note 11,
capital must be treated as fixed in her model and not “"optimized
out of the analysics" as she sugagests. FRoback’s model specifies

firme® production functions so that the burden ocf the proper
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assiqgnment of recsources ie directed to the movement of households
in responee to the prices of location specific factors. While
firme can. in principle., move. their decisions can be treated as
complementary to the household selections.

‘We can also recast Equatione (7) and (B) to gauge the
relative impact of & given percentage change in amenities for
wages and property values (rents). Assume that amenities are
newtral with respect to a firm's coste (i.e., C = 0). Using the
duality properties of C(.) -- C = A&/x, C = N?x, with £ the

r w
land used in production. and N the labor we have:

dln r/31n A ar/3A

£ |~
&
£
=

The absolute magnitude of the elasticity of the real wage

response to amenities in comparicson to the rents is equal to the

ratic of land” s share of coste relative to that of labor. Thus

the responsiveness of wages to amenity changes relative to that

of rents will depend on the assumed importance of land relative

tc labor {(as a share of production costs net of capital). The

moset reasonable assumption is that labor will be much more

important than land in production, and that rents are likely to
-

be more resporicsive to amenity changes than wages.lL

Finally, we can use the model to consider the

implications of inter-city location decisions for the measurement

of an individual’®s marginal willingness to pay for amenities.
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Fecall in the intra-city model, the marainal bid was equal to the
marginal price derived from the hedonic property value model.

Mow two markets must be considered and neither marginal price is
egual to the marginal bid (as demonstrated in Eguations (7) and

v i

{(3)). Solving for the marginal willingness to pay (VY /Y )

AW
indicates that both functiorne’ marginal price schedules must be

considered to estimate the marginal bid.

am Ty | e _aw
' v " A T BA

W

*
with v the equilibrium residential land consumed by the
13

household. Equation (10) indicates that the weighted sum

ow

feince A < 0 ) of the marginal price schedules ie equal to the
marginal willingnese to pay. However, this result should not be
sWwrprising. The model ties job and location decisions together.
In etfect., & job and & housing location are Jjointly supplied with
gach amenity level. Thus (10) parallels the familiar public
goods condition implying wvertical addition of the marginsl price
schedules of the housing and labor markets. If this treatment of
the decision process 1s plausible, then it implies that the issues
assaciated with retrieving information onr the marginal bid
funiction can become more complex with inter-city models in that
hedonic property value models will not provide point estimates
of the marginal bids. Under ideal conditions, & hedonic real
waae model ., incorporating the effect=s of amenities on all prices

that can vary with location and amenity leveles will (for the
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ideal price index) yield a marginal price that equalz the
negative of the margiﬁal willingness to pay for the amenity.

By contrast to Rosen—Roback, the Henderson and Clark,
Kahrn and Ofek models assume a flexible city boundary at which
land rents must be equal to the agricultural land-rent.
Controlling for commuting costse, at this boundary amenity
differentials must be reflected in wage differentials. More
formally, assume a monocentric urban model in which worker
utility depends on wages, rents, amenities, and commuting costs.
Commuting costs depend only on the distance of the worker’s
recidence from the city center. At the city edge and a distance

of d. land rente equal the agricultural rent level r . In
&
eguilibrium, workers living at each city’s edge must &all have the

came utility, or using a reviceed indirect utility function:

(11) V(w,r_,d,A) = k

Differentiating (11) with respect to w, d, and A&. and

rearranging terms yields (12).

<

v
42) o = - -5
w

w

da

That is, helding the radiuse of the city constant. wages should
vary with amenities. This framework does indicate the importance

of including some control variable for city size or area i1f one
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is estimating how amenities affect mominal wages. Most cstudies
have implicitly done this by including a variable for population,
which is strongly correlated with the city radius, or in some
caszes by including both population and population density 55
variables. However, these variables have usually rnot been
interpreted as control variables for the commuting costs of the
recident.- at the city edge. Under this interpretation, any
variable that is peasitively correlated with city radius would be
expected to have a positive effect on wages =imply because
workerse at the edge must be compensated for the higher commuting
coests.

One problem with the Henderson and Clark et. al. models
is that the locstion decisions of firms are not examined. The
derived conditions are clearly nececscsary for worker equilibrium.
However, it is unclear why +irme will be willing toc pay & waage
premium to compensate workere in large cities for higher
commuting costs.

Meither the Roback-Rosen nor Henderson-Clark models
fully addrescses all the complexities in the inter-city amenity
market. The Roback-Rosen model includes the demand side of the
labor market, but ignores intra-city variations in amenities,
commuting coste, and rents. The Henderson-Clark model allows for
commuting costs and flexible city boundaries, but ignores firm
behavior and does not examine how average city rents vary with

amenities.
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I1I11. EMPIRICAL ANALYSES OF THE ROLE OF AMENITIES IN HOUSEHOLD

DECISIONS

Implementing any theoretical model based on real world
behavior and our available measures of the outcomes of that
behavior is never a "picnic". There are inevitably compromicsec
associated with attempting to meet the informational reqguirements
cf the model and to take account of the model s abstractions that
may not be plaucsible for the application under study. A standard
of perfection will always be a counsel of paralysis. To appraise
their performance we will first consider some specific aspects of
the estimation of hedonic models and marginal bid functions from
them. Following this discussion we review the selection of the
hedonic housing price and wage modeles, discussing the types of
data, models, and findings that have been cobtained in practice.
In thie exercise we have sought to identify the amenities which
cseem consicstently important to the determination of market
prices. Finmally., the section closes with & discussion of the
qualifying assumptions and their likely impact on the usefulness
of the models” results.

A. Estimating Hedonic Models

While there are a large number of econometric iscsues

that must be addressed in estimating hedonic models (and

therefore might be considered here), we will focus on two aspects

of the process —-— the specification of the hedonic price function
and the estimation of the marginal bid functions given a
nonlinear price function.

Without theoretical guidance as to functional form,

most empirical work has simply assumed some arbitrary functicnal
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form. In the hedonic housing literature. the most common
functiocnal form is the semilogarithmic, with the natural log of
the housing price & linear function of the characteristics. This
functicnal form assumes that & given change in characteristice
has & constant percentage effect on housing prices.

Recently., & number of recsearchers have explored the use
of the Box-Cox tramsformations procedure to develop the
appropriate functional form for hedonic equations (Halvorsen and

Follakowski [1981]1; Sonstelie and Fortney [19801; Eender,

Gronberg., and Huang [19801; Linneman [1980al; Goodman [197831). The

Box—-Co» transformation of a variable vy is:

A=1)/Xx
(13 y(X) y( YA 45 x40

=1ny ifk“o

This transformation can be applied to the dependent variable
and/or to the independent variables in the hedonic equation. The
transtormation parameter, A . 18 sometimes constrained to be the
same acrose most of these variables, although this constraint is
justified more by convenience than by theory.

The Box-Cox approach has the advantage of allowing for
a more flexible functional form. This advantage is purchased at
the cost of an additional set of parameters that must be
estimated. Morecver, the Box—-Cox madimum likelihood estimator
has been recocanized to be inappropriately defined. The

transformation itself limits the range of dependent variable and



therefore prevents the assumption of normality which is the bLasis

of the "likelihood" function that has been
12
estimating A .

proposed for

While the approach can be used decspite this
problem, one cannot appeal to ML theory for inference and
interpretation of the properties of the estimates.

An alternative strategy for specifying a flexible
functional form appeals toc the notion of approximating any
function with a Taylor-series expansion in all the characteris-
tics. This approach can quickly become unmanasgeable if the
number of charscteristics is large, or if an expansion greater
tharn =second order i= attempted.

Given the arbitrary nature of the specification for the
hedonic price function. it is natural to consider the
implications of mistakes. That i1s, how will misspecifications
affect the performance of the hedonic frameworhk? Any misspecifi-
cation or omitted variables in the hedonic function will usually
result in errors in measuring the marginal prices estimated from
it. and hence the marginal bide. This measurement error will
probably be correlated with the right-hand side of the marginal
bid furiction, resulting in & potential source of bias for
ordinary least squares (OLS) estimates of the marginasl bid
function. Thies correlation may seem unusual, because for most
problems inveolving =ingle equation models, economicsts feel free
to assume that measurement error in the dependent variable is
random. This assumption is inappropriate for the hedonic
csituation, &t Brown [1983]1 has recently emphasized.

Consider the simple example of estimating the marginal

bid function for z. which is assumed toc depend on =z, or

“
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Since we do not cbeerve the true marginal price, but some

estimate of the marginal price, we cannot estimate (14), rather

we can only estimate (15).
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where M is the measurement error. If M is correlated with z., OLS

<n

estimates of C will be biased. This correlation should probably
i
be treated &s a likely outcome of most hedonic models. For

erample. suppose that the true marginal price function is

but the marginal price function we calculate i1s based on an
estimated hedonic price function that omite an interaction term
between 5 and z. The calculated marginal price function would

thern be given as (17).

(17) 1E=§+§z
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Under these assumptions. the measurement error term is given

by (18).

-~ 2 -~ 2 = S
(18y M = (B - B) + (B - Bz -8B

Mo il A

This term will be correlated with the right—-hand side term z in

the marginal bid function, even though S is not an appropriate
argument in the marginal bid function. Moreover, M can be

correlated with =z even if¥ S i1e uncorrelated with z as a result

-~

ot the term (B - R )z.
1 1
A second source of bias in estimates of the maraginal

price ha:s not to our knowledge been appreciated in this context.
It can arigee even with a correctly specified hedonic price
function. Suppose that the true hedonic price function is &
semi—-log form as in (19).

(19 logp = + @a., %

) 1

The marginal price for z will be given as:

B .

R T o

Unbiased ecstimates of a and a do not assure that their
o 1
substitution in (20) and prediction will vyield unbiased estimates
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of the marginal price. Indeed, by Jensen’s inequality, we kriow
they will be bhiased for this cacse. More generally, any nonlinear
marginal price function can be expected teoc yield biased estimates
of the marginal prices. In some cases (zemi-log and double-1o0g)
there are adjustments which can be applied to the predictions of
the marginal prices to yield unbiased estimates (see Goldberger
[19681). For more comple» nonlinear specifications, adjustmente
e
based on asymptotic approximations are possible.Id

The second issue concerns the‘estimation of the
marginal bid function, given unbiased estimates of the marginal
prices. A substantial portion of the literature on the
estimation of marginal bid functions has treated the
identification and estimation issues together -- seemingly as if
resclution of the first assured an absence of problems with the
second aspect of the task. This is not correct. As we noted
earlier, a nonlinear hedonic price function implies a nonlinear
househould budget constraint and the endogeneity of both the
marginal prices and guantities of the characteristices selected by
the household. including site-specific amenities. This
nonlinearity has several further implications (beyond those
discuessed above).

First. estimates of marginal bid function will often
merely reproduce the hedonic marginal price function (Brown and
Rosen [1982]). This result will generally occur if all the
available data come from one hedonic price function, and no

functional form restrictions on the marginal bid function are

assumed.
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Second. the nonlinearity of the hedonic price function
implies that OLS estimates of the marginal bid function f(or
inverse marginal bid function) will generally be biased (Hartik
£19831), and this bias does not disappear if ocbservations are
available from more than one hedonic function or if functional
form restrictions are assumed. This nonlinearity implies that
both characteristics and marginal prices are endogencusly chosen
bv the individual. Although the overall number of different
bundle types (or set of marginal prices) may be exogenous, the
individual can still freely choose the characteristics and
marginal price combinations he wants among thaose available.lﬁ
Because of this endogeneity, both characteristic guantities and
marginal prices {marginal bids) must be correlated with any
unobeerved traits of the individual (tastes) that affect his
preferences for characteristics. For example, individuals with
an uwnusually high taste (or marginal bid) for a characteristic
wouwld be erpected to choose a greater level of that
characteristic. This positive correlation between the residual
and z would lead to a positive bias in OLS estimates of the
cuefffcient on z 1in the marginal bid function for z .

Most risearchers have focused on instrumenéallvariable
zolutions to these econometric problems. However., there is an
unresolved disagreement in the current literature over whether
multimarket data is needed to provide sufficient instruments,
although it is generally agreed that multimarket data is
extremely helpful. One school of thought in this area argues

that multimarket data are not needed if appropriate functicral

form restrictions on the marginal bid function are assumed. This
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avoids the problem discussed in Brown and FRosen. If this

requirement is met, instrumental wvariables are then proposed for
caonsistent estimation even with data from only one market. EBErown
suqgests that the individual supplier characteristics originally
propocsed by Rosen will be appropriate instruments. Other
researchere (Diamond and Smith [1982], Epple tl?BEJ, Palmguist
£19811) suggest that the housing characteristics excluded from
the marginal bid function will be appropriate instruments.
However, Rosen’s supplier characteristics will generally be
inappropriate instruments because they will be correlated with
the residual in the marginal bid function (Bartik [19831, Epple
[1982]). EBecause different types of suppliers provide different
burndle-types, individuals with different tastes, by choosing
their desired bundles, will tend to systematically match with
those types of suppliers making such bundles. For example,
individuals with & greater tacste for a freshly painted housing
unit will be more likely to choose units provided by a supplier
who happens to be a professional house painter. The use of a
variable for profeszion of the housing supplier as an instrument
will therefore yield biased estimates. A similar type of
criticism can be applied to the use of excluded housing
characteristics as instruments. In general, if a variable is
correlated with the marginal price and quantity of some
characteristic within a hedonic price function, it is likely to
be correlated with individual tastes for that characteristic
because individuals with different tastes will choose different

marginal prices and quantities.
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With multimarket data., many more potential instruments
are available. Several researchers have proposed as instrumentes
dummy wvariables for the hedonic price function of the cbservation
(Bartik, Brown, Diamond and Smith, Falmguist). For example, in
housing studies one might use as instruments dummy variables for
the metropolitan area or time periocd of the observation, on the
assumption that the hedonic price function for housing
exogenoucsly varies from city to city and over time. These types
of instruments are only appropriate if unobserved tastes do not
vary on average from one hedonic price function to anocther.

B. Hedonic Housing Price Models

There have been an exceptionally large number of
hedonic housing price models since the early contributions by
Nourcse [19671, Ridker and Hernning [1%94671, Kain and Quigley
(19751, and #fndercson and Crocker [19711]. It would be both
impozsible and not nmecesesarily instructive toc provide another
summary of all of thecse studies in the space of a few paragraphes.

Several detailed reviews have been prepared (see Ball [19871,

C Bmith [19771, Freeman [1979], Witte and Long [19831. and Ott

[1982] as examples). Eased on these reviews there are several
ageneral ?eatures of these studies that should be discussed. They
include: the unit of observation (and with it the implicit
difficulty of observing actual market transactions), the problem
of market segmentation, and the issues asscciated with measuring
the amenity variables.

Early hedonic modele were based on census information
generally using the census tract as the observational unit, the

median property value as the measure of price. and measures of
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the "average" characteristics of the owner-occupied units in each
tract as 14 they adequately described each unit within the cernsus
tract. Examples of this type of study would include Ridker and
Henning (19671, Anderson and Crocker (19711, Folinsky and
Rubinfield [1977], and Nelson [19781. Clearly, because of the
data used, these studiecs pose significant problems for the
interpretation of their ecstimated hedonic price functions. The
measure of price i1s a summary statistic of what households report
as their estimate of the value of their home not the market
price. Such responses can be expected to be imperfect measures
of the market prices. Moreover, the use of summary statistics
for both the price and the characteristics implies the
equilibrium condition must be assumed to apply to measures of the
"reprecentative” housing unit. Indeed, there may not exist &
housing unit which corresponds to the characteristics used to
represent structure in any tract.

In some respects the issues posed by the use of these
data are analogous to many aggregation problems in economice.
However, in the case of hedonic price functions, we cannot (in
most cases) derive an analytical expression for the price
function as an equilibrium relationship, so there is little
prospect of a refined analysis of the implications of aggregation
or of deriving restrictions that could be imposed on the model to
be estimated to reflect the effects of aggregation.

Furthermore, the use of aggregate census tract data
does not allow examination of the effects of some of the most

interesting neighborhood amenities. For example, aggregate
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censzue tract data does not permit a distinction between the
effects of & unit’s own housing gquality and neighborhood housing
quality. Thie is potentially important because the effect of the
physical condition of other housing in & neighborhocod on an
individual unit®s value is quite relevant for several federal and

city community development policies.

household reported property values (not market prices),
characteristice of each unit, and household reported attitudes
concerning the adegquacy of neighborhood and town amenities (i.e..
these are the micro counterparts to what was reported in Table

) U Linemann®s [1980al analysis of the prospecte for a sinagle
rnational hedonic price function was, for erxample, based on these
data. While an improvement on the census tract case. these
studies rely on a price measure that the household perceives to
be the current market price.

The final set of studies, and those with the best
correspondence between the data and theory, 1s based on actual
market tramsactions —— such as rente paid by tenants. or the
local multiple listing services®™ records for sales of homese in a
community during a particular period. In these cases a market
price is available along with the structural characteristics of
the site. The samples generally contain recorded sales over some
time span. In periods of inflation of the general price level,
it ise unreassocnable to assume all transactions can be pooled to
correspond to the same nominal price relationship. Since the

sample size involved often has not permitted partitioning
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sccording to selling season in each town. & simple adjustment to
the market price for movements in the overall price index has
beern performed and the data pooled to estimate & single function.
Arnother problem in hedonic housing studies arises in
the determination of the extent of the housing market. It is
customary to assume that the housing market coincides with the
metropolitan area but some cobeservers have felt that the market
might be =egmented slong racial limes or intoc smaller geocgraphic
units (Straszheim [1973], Sonstelie and Fortney [19801, Goodman
[19781, Schnare and Struyk [127&61). On the other hand. as we
noted above, Linnemand [19801 and Butler [1977] have investigated
the possibility that the housing market and, hence the
appropriate hedonic price function, might be national in scope.
Many empirical probleme arise in detecting market
csegments. The ususl procedure has been to divide the city into
the proposed market segmentse. and then perform an F-test for
whether the hedonic cocefficients in the different segments are
significantly different. Eut there are several problems with
this procedure. Firest, the hedonic coefficients could be the
came Or very similar across different markets. Second, the
nonlinearity of the hedonic budget constraint implies that
specification errors. not the existence of separate markets, could
explain any significant differences in hedonic coefficientes
acrose proposed segments. The omission of higher order.
interaction terms. or any other omitted variable from the hedonic
estimating equation would result in bilased estimates cof hedonic

coefficients. These biaced ectimates are likely to differ across
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market segments that are chosen by the researcher, such as the
ghetto sub-market vercsus the rest of the city.

These problems suagest that rather than relying
exclusively on empirical methode for uncovering market
segmentation., an exxamination of factors defining the conditions
of access to the market may be more successful. Racial
discrimination is the obvious example., but there can be octhers.
Some sections of a city become "company towne". The enclave of
housing surrounding a university often exhibits this characteris-
tic. MNeighborhoode within communities can become associated with
the emplovees of parcicular firms and this association can rein-
force perceived limitations of access.

Another major problem in hedonic housing studies is the
development of appropriate amenity measures. For most studies,
site-specific amenity wvariables must be "attached" or matched
with the recorde on housing units. As a rule, this attachment
implies useing city, neighborhood, or census tract averages as the
measures of amenities. To the extent there is variation in the
guality or character of the urban amenities at a lower geocgraphic
scale than can be identified in the matching. thie procedure will
lead to an errors—in-variables problem. A related problem ics
that information on many of the amenity measures considered to be
important determinants of housing prices may not be available.
This can lead to an omitted variable bias. For example, the
average income of neighborhood residents is often proposed as a
proxy measure for the overall status of the neighbornood {(Leven
et. &l. [19771). However, average neighborhood income ic likely

to be positively correlated with many of the ocmitted neighborhood
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amenities. Hence, the ecstimated effect of thie variable on
housing prices 1€ likely to be positively biased.

Finally. the analyesie may have available multiple
measures of what is believed to be the =s=ame amenity. For
example, one might have available police measures of the
neighborhood crime rate as well as residents’™ perceptions of the
crime problem. Inclusion of both measurecs raises problems. The
variablee are likely to be highly correlated which reduces the
prospect for deriving precise estimatese of the individual effects
of each variable. Equally important, the presence of a
"technicsl” measure of the amenity along with an individual’s
perception of the amenity raises gquestions with respect to how
they are to be interpreted. The hedonic price function will be
influenced by what individuals perceive the amenitiecs to he.
Fresumably, the technical measure i1is an indicator of the
information aveilable to individuals for forming these
perceptions. A single summary index of the perceived level of
amenities may be an inadequate measure of the effects of the
distribution of perceptione on the price function. This 1g an
important practical problem because the theoretical framework
assumes all individuale have complete (and the same) knowledge of
the attributes of & houeing unit. In practice, this is not the
case. Consequently, a reasonable procedure would seem to be to
summarize the information contained in the various measures into
one variable.17

0Of course, the above discussion implicitly maintains

that households recognize local amenities without difficulty
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(i.e., there is no error in their perceptions). but the;analyst
trying to understand their behavioral decisions has incomplete
information. To the extent households also have difficulty, then
other variables may serve as "predictors" of the amenities they
desire. For example, individuals can easily observe the exterior
physical condition of houses in a neighborhood in which they are
considering purchasing a home. This exterior physical condition
may be a good predictor of the average income level of the
neighborhood, which may be valued in and of itself or as a
possible cause of school guality or of the crime rate. As a
result. any estimated positive effect of exterior physical
condition of homes in the neighborhood on housing prices may
reflect not only the aesthetic value individuals place on
enterior appearance, but also the value of exterior conditon as a
predictor of other neighborhood amenities.

We now turn to an attempt to summarize the key points
of comncsistency in the hedonic housing price literature. To keep
the review manageable, the studies have been limited to those
with the most extensive amenity information. Specifically, only
studies that use individual housing unit measures and that have
at least some information on three crucial amenities: (1)
neiaghborhood physical conditioni (2) crime rate: wnd, (3) school
guality are considered. Once these restrictiosns are imposed,
surprisingly few studies remain out of the hundreds that have
been done cver the past two decades.la

A comparisc.i of the effects of individual amenities is
difficul. because each amenity ie measured in different units.

Moreover, the selection of a basis for measurement even within a
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given amenity can vary acroses studies. To allow for some
comparability, we have standardized our summary of the measured
effects of each amenity by considering the impact of a one
standard deviation change in each amenity variable (within each
study’ s data set) on the natural leogarithm of the housing price.
That is, we are approximating their percentage effect on housing
prices of a standardized change in the amenity variable. A
further advantange of this approach is that it allows us to
ignore differences in housing price levels between the studiec,
and the distinction between flow (rent) and stock (home value)
mea=zures of housing prices. However, this procedure does limit
our review to studies on which we could obtain information on the
mean and standard derivation variables used in the hedonic

anal yses. For studies wtih multiple measures of the amenity
variable, we only considered the measures with the largest
percentage effects.

Table 2 reports the comparisons of the variocus
studiEr—:.19 This comparison is admittedly rough, but three
gerneral ceonclusions seem warranted. First, neighborhood physical
condition usually has one of the largest percentage effects on
housing prices of any neighborhood variable. This finding should
be reassuring to the authores of current U. S. neighborhood
policies, which primarily rely on physical improvement as the key
to revitalizing neighborhoods. At the same time, we note that
this larger effect of neighborhood phyeical condition than, for
enample. crime. doese not necessarily mean that households place

an enormous value on the appearance of the house next door. RAc



we noted earlier, & neighborhood’s physical condition may serve
&= & convenient visual signal to households of the overall
gquality of & set of neighborhood amenities.

Second, amenities seem toc have smaller percentage
effects on the price of rental housing than of owner-cccupied
housing.

Finally, the overall effects of amenities are within
the range one might expect. Suppose that &1l neighborhood
variables, both observed and unocbserved. changed by one standard

deviation. 1t seems unlikely, given the results in Table Z. for

this toc lead to less than a 104 change in housing prices,

thar & S0%L change.

c. Hedonic Wage Models

The hedonic wage function has been & significant

component of the empirical modele of labor economics.

these analyesee have attempted to evaluate the effecte of job

characteristics on wage rates or earnings while taking account of

20

the attributes of the employee. More recently & parallel lire

of research has developed in which wage and earningse models were

used to gauge the effects of site—specific amenitie=s on
compensatiorn. As our analysis of the inter—-city location model
implied, we would expect both housing and labor markets to
reflect the effects of amenities. Hoch [1972, 1974, 19821
appears to have been the first to attempt to measure the
acssociation between wages and urban amenities such as crime.

However, Fuchs [1959] and Tolley [1969] anticipated these

arguments by noting that city size (including presumably the

46

or more

In general

s

.

B La



-/ ==

ﬁmgitive and negative amenitiecs that are associated with it)
influenced money wWages.

The type of data and measure of the dependent variables
also serve to distimguish the wage models. For the most part
these studies have used an average wage (or earnings) measure by
cccupation. These data were derived from EBLS Area Wage Surveys
or Census with the former reporting average hourly earnings and
the later median annual earnings. Separate wage models were
ecstimated by occupation with measures of urban amenities and
labor market conaitinns. As & rule in these studies either a
real wage measure was used as the dependent variable or an index
of the cost of living was included as an independent variable in
the wage functions. Most of these studies treat the estimated
model as part of & simultarmeous equation system. Hoch™s work
would be a notable exception in that his models are treated as
reduced form egquations.

Izraeli [1977] emphacsizes the simultaneity in the
determination of wages and the local price indexs: Getz and Huanag
£19781 argue that earnings, the cpst of living., and the net
migration are endogenocus:; and Cropper and Arriaga-Salinas [19B0]
interpret their estimates wage model as a labor supply function
with real earnings, employment, and an index of air pollution as
endogenous variables.

Overall the results of these studies are supportive but
hardly overwhelming in the empirical evidence consistent with an
inter-city model of household location and, with it, an

acssuciation between real wages and uwrban amenities. The analyses

47



e o ]

carn be criticized both on grounds that they are as incomplete in
their treatment of job and indiwvidual charactericstics and too
agaregative with their use of a summary measure of wages. Only
the air pollution, crime, and climate variables (as measures of
amenities) appear to have a detectable influence on wages.
However, these effects are not upheld over all occupations. For
example, Getz and Huang found the violent crime rate to be a
staticstically significant and ppsitive influence on earnings
{(after taking account of the cost of living) in four of the nine
occupations considered. The messure used for air pollution (a
principal component derived based on measures of particulates and
sulfur dioxide) was a significant determinant in only one case
and climate measures in three. The results for male laborers in
Izraeli’s [1977] analysis supported effects for air pollution and
climate. Cropper and Arriaga-Salinas’™ study had similar findings
with =13 of eight occupations exhibiting a significant effect for
sulfur dioxide, five for a climate measure, and four for crime.

More recently three studies have considered the wage

model with micro-level wage informaticn -- Rosen L19791, Roback

£1982]1., and Smith [1983]. All three are based orn the current

population surveys -- Rosen for 1970, Roback for 1973, and Smith
for 1978. After controlling for individual chargcteristics,
cccupation, and industry characteristics, all three studies find
clear support for effects due to crime, air pollution., and
climate on wages. There are, however, some differences in the
studies. Rosen"s dependent variable was based on annual earnings

deflated by a local cost of living index, while Smith’s study

used an hourly wage rate measure deflated by the cost of living
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indes. FRoback® s model was based on nominal weekly wages. All

cf these ztudies treated the modele as reduced form equations and
did mot attempt to include the simultaneity effects specified in

the models based on the aggreqated wage measures.

Both typese of hedonic wage studies support a role for
amenities as influences to real wages. The findings based on the
micro-level surveys are more supportive than those with the
aagregative measures. However, this is what we would expect both
as & result of the superior informatior (and associated ability
to control for related determinants of wages) and. equally
important. the sheer impact of the larger sample sizes in
azsuring the isolation of even quantitatively small effects on
wageEs.

Thus. while the models provide support for an influence
of wrban amenities, can we go beyond this to measures of implicit
valuation? To begin, it should ke acknowledged that the success
wf wage models might be interpreted as an indication of the
inadecuacy of hedonic property value models for measures of the
implicit valuation of amenities, because such estimates could be
interpreted as ignoring the role of both markets a& proposed in

T
the Rosen—Roback model and demonstrated in Equation (10).‘L
Alternatively, one might argue that the Rosen—-Roback formulation
ie overly restrictive. By tying the household’s adjustment to
require simultaneous job and location changes to rexlize a change
in amenities, it fails to capture the role of within city amenity
variations and movements that do not imply a job change in the

overall equilibrium condition. To date., such a model has not
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besn devel oped.

From the perspective of benefit estimation for amenity
changes, we have alsoc focused &all of our attention on marginal
changes, and a special form of partial equilibrium analyeis,
Once it is recognized that & change in the level of any amerity
leads to a simultaneous change in the prices (which vary with
that amenity facing the indiwvidual), then the evaluation of the
full welfare impacts implied becomes much more complex.

The literature has not come to grips with such
problems. Simple comparisons of the estimated marginal
valuations of amenities such as air quality between hedonic wage
and single market property value models (as if the two could be
treated as independent sources of thise information) suggest much
larger estimates from the former (the wage) than the latter for
comparable pollutants (see Manuel et. al. [19831). This finding
iz difficult to interpret given the limitatiorne of the available
theoretical models for interpreting hedonic wage and property

value egquations. Clearly., this is an area where further research

iz warranged.

D. Sizing Up the Assumptions and Practice of Hedonic
Models
Clearly. the general comments at the outset of this
section are relevant to the attempts to empirically implement the
hedonic model. Freeman®s [1979b] appraisal of the assumptions of
the hedonic property value model provides a good starting point
for describing some of thecse issues in generic terms. EBEased on

his discussion as well as the subseguent literature., it iz
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possible to highlight some of the most important of these

concerns:

1.

Do houeeholds and firms have the information and a
common basis of perception to permit the relevant
markets to direct the locational assignment of
activities and the implicit valuation of the site-
specific amenities ascsociated with those assignmeéts?

Is it reascnable to maintain the equilibrium assumptions
required for the interpretation of the hedonic price
function in housing markets where adjustment and
trransactions costs (which are ignored by the models) are
substantial?

The hedonic price function in either the housing or

wage market is an equilibrium relationship. As we

noted earlier. analytical soclutions for the equilibrium
matching of economic agente have proved intractable for
even moderately complex cases. Thus. the theoretical
auidance available for the specification of these
functione is limited if not non-existent. Therefore.
can we detect the structure of these functions with
reasonable assurance?

All of the analytical descriptions of household and firm
behavior used to develop hedonic functions have been
static, ignoring & household’s consideration of the
future and the prospects for éesale of the commodity.

To what extent does the abstraction from these

considerations affect the use of the model to isclate
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the ef?ects of amenities and to estimate households”

marginal valuations of them? And. finally.

& Uncertainty is likely to be an important part of the
household’s decision making. Yet the models of their
behavior have largely ignored its effectse. Uncertainty
enters the analysis for at least two reasons.
Householde®™ information concerning housing or job
characteristics may be quite imperfect. Equally
important, the site-specific attributes may include
riske —— of health impairment due to exposure to air
pollution or hacardous waste (see Harrison [198Z1). of
damage due to floods or other natural or man—-made
hazards (see Brookshire, et.al. [forthcomingl) and
Nelson [19831). The ability to "insure" against these
effects will affect the household’s margiﬁal bid. Is
certainty a good enough approdimation given cur other
empirical problems with implementation?

For the most part. the theoretical (or even the
experimental) information does not exist to provide answers on
the importance of any of these concerns. Thus, an evaluation of
their importance for the usefulness of applied hedonic modeling
in valuing amenities is at this stage a function of professiocnal
judgement. It can therefore be expected to vary with the analyst
involved. Before offering our judgement, it is important to
acknowledge that many,., if not all, of the concerns we identified
would also be raised with virtually all empiricsl models in
economices.

Decpite these limitations, empirical models bacsed on
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fhe hedonic framework do seem to be providing, with increasing
consistency, indications of what are the most important charac-—
teristics (and the site-specific amenities) to househcolds. Where
the amenity is difficult to perceive and/or measure these models’
ability is correspondingly affected. Thues, at the level of
detecting the clearly identifiable (to households) amenities, the
models do seem to have had success. Where there is difficulty in
perceiving the amenities, the results are nonetheless consistent
with the framework. That i, when we consider air pollution. for

example, the models perform quite well when the &air pollution

problem ie & serious one (e.g.. Los Angeles. see Brookshire

et.al. [19821).

The issue of using hedonic modeles to estimate the
marginal valuation of changes in amenities is a more difficult
judgement call. To begin with, we will never know the true
bernefits of an amenity change. The available comparisons of
property value models with direct gquestioning of individuals
corncerning environmental amenities has found agreement in that

each set of ectimates is within an order of magnitude of the
bt b 4

s

whher . While this is not a high level of accuracy, it is as
cood or better tham a large number of applied areas in economics.
Ultimately., to evaluate the importance of inherent uncertainty in
the estimates of the marginal values for amenities, we need to
consider how they are to be used. It is probably fair to observe
that for most policy-based uses, the level of uncertainty in
other elements of the evaluation of a policy will be

substantially greater than even fairly generous ranges accorded

w
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arise from the information that is available to implement
empirical models. As a rule, the data used have been collected to
serve other purposes and must be adapted to meet the needs of an
empirical evaluation of the role of amenities. With such
adaptation comes compromises whose ultimate effects on the guality
cf the empirical findings is unknown.

Df course, in discussing the performance of empirical models
designed to test theory or estimate key parameters for policy
purposes 1t is too easy to call for more and better data as the
"eglution” for improving the empirical work. We think this is
unlikely to be realized. Of course, improved data will provide
the basis for enhancing our understanding of the strengths and
weaknesses of the hedonic framework. There are. however. some
fundamental issues that require both theory and new data. In
part. these were considered indirectly in the questions posed at
the end of the last section. However. we believe four areas
deszerve repetition and emphasis. They involve: perception,

egquilibrium. empirical implementation. and policy uses of what we

now have.

Ferception

For the most part, the empirical analysis of amenitiecs must
rely on crude proxy variables, measured at an aggregate level, to
estimate each amenity that is hypothesized toc influence household
or firm behavior. We have rarely asked how do households learn
of school quality, available recreation, crime, air quality. etc.

Do they have key indicatorese that serve as proxies for these

4}
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variables or do they rely on others judgements (i.e., realtore,
friends, business connecticne, etc.). Until we begin to
realistically describe the proces=s through which households (and
firms) form these perceptions and acquire the information
necessary to evaluate these descriptions, there will not be any
resolution of the criticiems of the available proxy measures for
amenitie=s. Moreover, transferring estimates of the implicit
valuation of these amenities to policy judgements will continue

to be but a short step away from guesswork.

The two markets used to estimate the effects of amenities are
the housing and labor markets. For the most part past empirical
studies have treated the former as local and the latter as
rnational. Both types of studies have treated the markets as beincg
in eguilibrium where adjustment and transactions costs are
negligible. We probably could not have picked cases where this is
& lecse plausible as=sumption if some conscious effort had been
devoted to the process. Nonetheless, the rather remarkably
consistent track record of performance in both examples atteste to
the presence of the effects of amenities on market prices in
these cases.

What remains is to judge how important departures from
eguilibrium will be to the theoretical interpretation and guality
of empirical estimates of the implicit valuation of amenities.

The hedonic model is & long-run model of household behavior. In

zsome areas the average tenure in a home is three to five years,

while in others it may be over a decade. It seems reasocnable to
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expect that with existing empirical information and recent
advances in modeling the role of adjustment costs for the dyvnamic
behavior of the firm, our undercstanding of the eguilibrium

assumptions in this case can be enhanced.

To date there has not been an unambiguously correct
implementation of the hedonic method for messuring the demand for
characteristics. All past efforts can be criticized for their
treatment of either the identification problem or the simultaneity
posed by & nonlinear price function. Moreover, if the Rosen-
FRoback form of the inter-city model is accepted thern the
interpretation of the marginal prices are also incorrect.

Clearly an attempt to build an application based upon the recent
theoretical analyeis and econometric methods discussed for these
problems i€ warranted. Equally important., it alsoc seems
reasonable to call for experimental work where analytical
splutions are intractable to gsuge the impacte of the common
mistakes of past empirical studies. Perhaps it would be possible
ot only to learn from our mistakes, but to interpret correctly

the estimates that are available rather thamn to discard them.

Theoretical and empirical research on urban amenitie=s is=s
clearly at the stage where we can identify what are the important
amenities toc households. While there are & wide variety of

studies reporting implicit marginal valuations of amenities,
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there remain substantive gquestions with all of these estimates.
They have received the most direct use in the valuation of air
guality changes as part of bernefit-cost analyses of environmental
regulations. It might be argued that this case poses (except for
extremely polluted area) one of the most difficult for households
toc perceive.

The available comparative evidence evaluating marginal
valuations of air quality based on hedonic models with direct
interviews suggests (as we noted earlier) that they fall within
an order of msgnitude of each other. While the hedonic resultes
are often used as & benchmark for the survey. both are estimates
conditiocned on different setse of assumptions. In judging the
value of estimates of the marginal valuations for amenities from
hedaonic modele for policy purposes, one must consider the
alternatives. Decisions that reallocate resources in an effort
to change the amenities avallable will implicitly wvalue these
amenities even when these estimates are ignored. At this stage,
there 1€ no other "game 1in town" to replace them. Moreover . we
feel their use is superior to nonuse. However, this does not
imply that & strategy which treatse these point estimates as
reliable i warranted. Greater attention to incorporating the
uncertainty due to the assumptionse and statistical performance of
the models is the only assurance the prudence will guide the
interpretation of these valuation estimates, while research

continues to improve their reliability.
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B In the case of housing. the supplierese are likely to be
composed of firms and households, with the latter offering recsale
of homes and the former new housing units. For households the
offer function is presumably influenced by the cost conditions
for new housing of comparable attributes as well as by what miaght
be termed the household’ s perceived valuation or reservation
price for the unit. Lerman and Kern [1983] and Horowit:z [1984)
have begun the process of developing more realistic models of the
bidding process and the role of seller=s in that process.

24 There have been limited attempts to undertake hedonic
housing models across cities. EButler [1977] and Linemann [19771
report analyses based on micro-economic data. By contrast, Smith
and Deyak [19735] undertook an analysis with city-wide averages of
housing prices using census information.

o Equilibrium condition (3) can easily be confu=sing. It loonks
as 1f the individual demander and supplier are somehow

interacting to determine the marginal price schedule, just as

aggregate demand and supply for ordinary commodities determinec
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equilibrium prices. This analogy is misleading. Although the

actions of all demandere and suppliers determines the hedonic

price function, each individual agent faces an exogenoucs price

schedule. No demand/supply simultaneity on the individual level

is implied. Monetheless, there are many econometric

complications in estimating demand and supply parameters., s we

discuses further on in the paper.

4, Foth the bid and offer functions have been extensively used

in the hedonic literature. The bid function is defined as the

function W(z3v,D) that solves U{z,y-Wi;D)=v, where v is some

utility level. The bid function is & type of transformation of

the utility function. Intuitively, the bid function gives the

household’s willingness to pay at some utility level for

different housing types.

The offer functicn is defined as the function G(z, T,

g)

that solves GM-C(z.Mis)=T. Intuitively, the offer function

gives the price at which the supplier is willing to provide
different housing types.

/98 Simultaneity in the matching of demanders and suppliers can
lead to the appearance of & simultaneous determination of
demanders and suppliers characteristics. What is involved is
guite direct. Our model assumes that variations in demander
characteristice (D) give rige to the heterogeneity in demanded
burndles of charactericstics. A similar argument explaine the
diversity of suppliers” offers. Thus, it is reasonable to assume
that the equilibrium matching will lend to a consicstent pairing

of certain types of demanders with specific types of suppliers.

&0
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This.is & possibility. but not a certainty. It will depend on
the nature of the distributions assumed for D and § &cross the
groups of demanders and suppliers. &= well as their respective
roles in the bid and offer functions.

It is reasonable to suspect that elements from D will be
correlated with elements from S. This will affect the selection
of instrumente in estimating the marginal bid or marginal offer
furnctions as we discuse in what follows.

6. This is the ides proposed by Tiebout [1936]1 as the basis for
estimating the demand for local public goods.

Fu Diamond and Smith [19823 p. 15. Of course, in general
terms, thie argument should not be surprising. All tests of
hypotheses invclve additional maintained hypotheses as McCloskey
[198Z]1 has so aptly described in his essay on the rhetoric of
economice. What Diamond and Smith seem to be emphasizing is the
completely arbitrary nature of the treatment of this problem in
many pacst hedonic applicationes.

g. In the simplecst textbook case. exclusion restrictions serve
to identify linear structural equations and they involve
predetermined variables. Such variables are assumed by
definition to satisfy the conditions required for instruments in
the definition of estimators for linear simultaneocus equation
models. Indeed, it is the presence of e)cluded predetermined
variables in the first stage equations for right—-hand-side
endogenous variables that assures the consistency of two stage
least sgquares (25L5). See Kmenta [1971] for the standard
treatment of simultanecus equation estimation and H:Cartﬁy 19711

for a discuscsion of the role of first stage instruments in the
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consistency of 25LS. In contrast, in the hedonic framework:
variables excluded from the marginal bid (cffer) function, but
included in the marginal offer (bid) function ae likely to be
inappropriate instruments, &as we will diecuss further below.
These variables will be inappropriate instruments becauce decspite
their exclusion from the marginal bid (offer) function, they are
likely to be endogenous to the-hnusehold’s (firm"s) choice., and
hence correlated with the residual.
9. It is not the case that the hedonic price function can be
used to predict tne new equilibrium price set after the change in
air quality. See Lind [1#?3] and more recently Starrett (19811
for & discusesion of the implications of the assumptions
concerning the boundary conditions imposed on a model of
houzehold location and their implications for the capitalization
of the benefits associated with public projects into residential
property values.
103, Izraeli [19771 used this interdependency to argue for &
simultaneocus eguation model noting that: "Money wages and the
goode” prices are not independent variables. Wages as the main
component of firms® cost of production., help determine the price
of goode, and the vector of prices of goods is a variable
affecting labor supply. thus helping to determine wages." (p.275)
We feel a connection is present but not a simultaneous
determination. Labor is nmot the dominant component of cost for
all industfiea. Indeed., for the manufacturing sector materials
have the largest cost share. 0f course, this relationship will

vary with industry. Since adjustment ie not instantaneocus. the
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important implication is that the real wage is the relevant

variable for & hedonic wage function.

11. Roback maintains that each firm’s production function
includes capital, labor, and land and that capital hacs been
"optimized" out of the analysis. However, CRTS in capital.
labor, and land, and this optimization process does not imply the
CRTS in labor and land. For her analysis to be correct. one must
assume., as Rosen [1979] did earlier, that each firm° s capital is
held constant.

7L This conclusion might change if city land area was
endogenous. It would seem likely that land rents would go up
less with an amenity increace if city land area expanded as
amenities increased.

15, The weight assigned to dW is unity because the model assumes
that a fixed amount of labmraiime normalized to unity is
supplied.

14. For a discussion of the implications of this problem for the
properties of the Box-Cox transformation, see Amemiya and Fowell
[17801.

18, It should of courcse be acknowledged that if the estimates of
the hedonic price function are based on a madximum likelihood
criterion, then the estimates of the marginal prices will be as
well., Alternatively. it may well be that one is interested in
estimates of the conditional median rather than the conditional
mean for these marginsl prices. In either of these
circumstances, the bias issue may not be regarded as a seriocus
oroblem.

16. Thus, assuming perfectly elastic or inelastic supply does



not eolve the endogeneity problem 1n estimating hedunic.dema;d
parameters. Thie is counter to the claim made by Freeman [1779].
Harrieon and Rubinfelg [1978], and others.
5 Orne posceibility 1= to include in the hedonic only one of the
available measures. A second poscsibility ie to include the first
princigpal component of the alternative measures. A more comple:,
but leses ad hoc approach would be to use the multiple indicator-
multiple cause (MIMIC) models that are extensively used in
peychometrics f({see BGoldberger [19741 for more information on
MIMIC models). To our knowledge. MIMIC models have not been
applied in the hedonic framework.
18. For reviews of this literature, see Freeman [1927%]1, Smith
(127731, Ottt [1982]1, and Witte and Long [19831].
19 The specific references to the studies, &nd the equations
and variables on which Table 2 is based., are summarized below:
(1) Follain and Malpezzi [198021:
Based on Mean Estimates., pp 41 and 42

Fhysical Condition: WN278

School Buality: School

Crime: Crime

ACCecs: Shope

Noise: Traffic, Far

Overall Neighborhood Rating: VIZ76&
() Kain and Buigley [192751]:

Rased on Semilog Eaution, pp 100-201
Fhysical Condition: Adjacent unite for cwners,

Block face for renters.
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(3

(4)

(&)

Schopl Quality: School Quality

Crime: Crime

Racial Composition: Froporticn white

MNeighborhocod socioeconomic status: Median schoocling

fccess: Miles from CED
Barnett [19791]:
Based on Table 4, pg 17
Fhysical Condition: Composite
quality
Access: Generalized access to
Noland [198017:
Based on Table 2., pg 11
Fhysical Condition: Composite
quality
fAccess: Generalized access to

Merrill [198013:

rating of neighborhood

employment

rating of neighborhoocd

empl oyment

Eased on Tables 1I1-2 and 11-4, pp A-29. A-31

Physical Condition: Quality of blockface landscaping

Neighbortood Socioceconomic Status: Median income of

census tract
Access: Distance from CED
Li and EBrown [19801]:

Eased on Model 2, Table 2

Physical Condition: On-site visual quality

School Quality: Test scores for 4th graders

Crime: Percent 16-21 years cld who are high

schocl dropouts

Neighborhood Socioeconomic Status: Median income



U S |

Air Quality: Sulfur diocnides

ficcess: Distance to CED
(7) Bartik [198213:

Hazed on Table 7-2, p 184

Fhysical Condition: FHCON

School Quslity: SCHOOL

Crime: CRIME

Racial Composition: FCTW

Access:  ACCESS

Molise: CONG
(8) HMark and Parke [19781:

Hased on Equation 4

Fhyeical condition: RENTFC

School GQuality: EXFFUF

Crime: CRIMRATE

Racial Composition: ADJINONPC

Neighborhood Scciceconomic Status: MEDY

Standard deviations are calculated from Little [1976].
Z0, For a review of the early literature orn the use of hedonic
wage models to estimate the effects of job characteristice., cee
Smitﬁ L19831. A more recent update to this can be found 1in
Triplett [19831.
21. FRoback noted that & real wage would have been preferable.
but indicated that the lack of availability of a local cost of
living variable for &ll of the SMSA’se in her sample prevented

its use.

2Z. DOf course, it should aleo be acknowledged that this

=1-)
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framework maintains that the only mechaniem for adjusting
amenities is by the household changing both its residential
location and job. If within city and between city adjustment
were considered as possible alternatives with varyving adjustment
costs., then one would expect a more complex eguilibrium
condition. Moreover, that egquilibrium would likely imply removal
of the prospectse for arbitrage in acquiring amenities through the

two potential types of movemente.

23. See Brookshire et. al. [198Z] and Desvousges et. al. [1983].
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Taovie 1.

“oaendltures and Aoenitr Levels for Tuenty Largest Citles

A SR o |

Amenity Related Expenditures (per capita)

Measured Air Qualityd

Perceived Neighborhood Amenities

1 Reporting Undesirable®

Violent
Air Water Neighborhood Neighborhood Crime
Clry Education® Police Qualityc qua1ityc 1sP 502 Ozone Conditions Services Rate
New Tork 420,31 197.91 5n 36.62 52 % 10.7 29.3 i — :
Chicago 441.45 121.72 .84 17.80 69 34 6.9 79.8 41.9 .B5 E
Los Angeles 499.62 125.66 .01 11.67 105 32 64.8 57.6 46.8 1.74 J
Philadelphia 378.12 100,12 1.01 88.91 53 51 8.2 82.6 39,2 1.04
Houston 253.96 75.04 .91 63.85 76 -~ 26.8 84.3 39.0 -
Detroit 441.38 148.35 —— 134.77 75 30 7.1 66.4 55.4 1.94
Dallas 294,86 72,65 .21 58.83 61 - 1.1 50.7 39.1 1.36
San Diego 346.09 60.84 -— 41.85 73 7 8.1 82.8 55.9 .73
Phoenix 419.76 87.51 —-— 49,49 - - 1.1 54.3 54.8 _ ———
Baltimore 319.11 103.80 .50 43,39 59 -= 10,7 54.3 54.8 : 2.22
San Antonio 126.11 47.17 wdd 40,59 52 - 0.0 92.0 48.0 | .57
Indianapolis 192.99 58.26 .62 119.34 67 -— 2.1 89.9 48.0 ! .98
San Francisco 237.02 105.00 — 177.89 51 7 2.5 85.7 43.2 | 1.74
Memphis 286.95 74,78 —— 45.35 69 - - 42.4 41.7 ‘ 1.08
Washington, DC 437.84 179.16 .B4 139.36 52 8  17.0 58.0 53.1 ' 2.28
Milwaukee 453.58 95.22 ——— 68.48 60 53 9.1 86.5 50.4 E 3.42
San Jose —————— 58.67 -—— 32.25 -—— == = ——— — | 4.12
Cleveland 405.00 123.19 2.63 106.65 73 56 22.7 89.3 37.8 ' 12.43
Columbus —————- 79.49 -—- 72.43 50 - 4.1 90.2 45.7 ‘ 5.26
Boston 464.98 125.87 .12 43.15 53 35 6.0 67.1 50.2 : 14.07
ey ¢ A - -
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Table 1: continued

a These estimates are for primary and secondary educational expenses from the
Digest of Educational Statistics, 1982, for the 1979-80 operating year.

b These estimates are taken from the County and City Data Book for 1983 and
are for 1981 expenses.

¢ These estimates are based on the total dollar expenditures by each city for
fiscal year 1980 and are taken from the State and Local Government Special
Studies, No. 103; Environmental Quality Control

d These figures are taken from an unpublished summary of the indicator
values for five pollutants in 102 urbanized areas prepared by the Environ-
mental Protection Agency for 1978. The reported data have been checked
with state records to assure consistency between federal and state measures
of air quality.

TSP refers to total suspended particulates and is measured for the urban
monitoring sites with complete data by the annual geometric mean averaged
across all sites in micrograms per cubic meter.

50, refers to sulfur dioxide and is measured for the continuous urban
monitoring sites with sufficient hourly data by the annual arithmetic mean
averaged across sites in micrograms per cubic meter.

Ozone 1is measured for the urban monitoring sites with sufficient seasonal
data. In this case, we report the estimated annual exceedances at sites
with sufficient data averaged over the sites.

e These data are derived from the Annual Housing Survey for owner occupied
housing units, and report the percent reporting undesirable neighborhood
conditions and percent reporting inadequate neighborhood services. They
are for varying years —- 1977: Boston, Detroit, Dallas, Memphis,
Washington, DC, Baltimore, Los Angeles, and Phoenix; 1976: New York,
Housgon, Indianapolis, and Cleveland; 1975: Chicago, Philadelphia, San
Diego, San Antonio, San Francisco, Milwaukee, and Columbus.

f  These data are the FBI total violent crimes per 100 population for 1981
as reported in the Statistical Abstract of the U. S. and the County and
City Data Book.




Table 2:

A Comparison Across Several Studies of the Percentage Effects

on Housing Prices of a One Standard Deviation Improvement in Cach Amenlty Variable

Amenfity Measures

]

. | e
Tenure ! | Neighborhood i Access to l Overall
Study Type Physical I School Racial Socioeconomic Air ' Work and Heighborhood
Author(s) City in Study Condition | Quality ! Crime Compos it ion Status Quality 1 Commerce Nulse Rating L
| i ! ' 1
. : i !
Follain and ; | |
Malpezzi 39 SMsAs Owner 1.92% W W - - - i A2 W 3.5%%
Follain and | 3o susas ' Renter 1.2+ W v - - = bW | oW 2.07%
Malpezzi ;
Kain and St. Loufs Owner D 4.3xe 3.02% .8% W 6.4%* = MR 2 %
Quigley i i 1
| | |
¥ain and St. Louis Renter |, 4.6%* 2.1% W W 2.02 = W P 3 "
Quigley | i i
Barnett Green Bay Renter 2.62% NS NS NS NS : - 3.0% = . = I
Noland South Bend Renter | 1.5%% NS NS NS NS - 4.82% | - : - :
Merrill Pittsburgh Renter i 2.81* NS NS NS 0 - +7Z ! - l - |
. 1} ! ,I
Merrill Phoenix Renter ©1.62* NS NS NS 0 - 1.7 1 - : - i
| i
Bartik Pittsburgh Renter | 4.61% .32 I 1.6X% W - II - H v .5% ] -
i i i i !
Bart ik © Phoenix Renter ! 1.22 a2 | .62 3.5%# 1 - 1 - | 1.220 | v -
l | \ . :
Li and ! Boston Owmer b 9.41% 1.72 1.92% - .8% : .5% 3.92% | - ] -
Brown : 4 s i |
Mark and St. Louis | Owmer | Lazs W A2 J2 15.32#% ' - NS ' - -
Parks H ! : | I |
~4
=)
D s o ~ ' ' e
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Table 2: continued

Key: * indicates variable in statistically significant at 10%Z level
W means variable has "wrong" sign
NS means variable 1s insignificant and coefficient is not reported
NR means variable's coefficient is not reported and significant is unclear

- means variable in this category 1s not included in study

Note: 1. For purposes of this table, all the changes considered are improvements;
that is, we consider changes that would be expected to positively affect
housing prices, such as a one standard deviation decline in the crime
rate.

2. All percentage effects are evaluated at the means of each study's data.
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Figure 1
The Relationship Between Market Prices, Bid Prices,

Offer Prices, and Characteristic z., Holding Other
Characteristics Constant at Thei; Optimal Level
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1. Intreduction

Policymakers increasingly make decisions that affect the risks
faced by households. For example, the Environmental Protection Agency
determines how stringently to regulate the disposal of toxic wastes,
the Occupational Safety and Health Administration determines standards
for workplace safety, and the Consumer Products Safety Commission consid-
ers how safe products should be. Ideally, the stringency of these
regulations should depend on the benefits to househclds of these risk
reductions. This paper considers some implications of economic theory
for. how household willingness to pay for risk reduction will vary with
the magnitude of the risk reduction,

More Speciriéally. this paper a_nalyEEE household willingness to
pay for risk reduction under the assumption that household's well-being
is given by their expectec¢ utility over states of the world (the von
Neumann/Morgenstern model)., Using this assumption, I show that a house-
held's marginél willingness to pay for risk reduction should be roughly
constant over the variations in risk that we empirically observe.
This impl-ies that a household's total willingness to pay for risk reduc-
tion is r‘oughlﬂr proportional to the magnitude of the risk reduction.

This theoretical result makes easier the task of empirically estimat-
ing household benefits from risk reduction. For example, this result
facilitates the use of hedonic housing price models for estimating
the benefits of risk reduction. Ordinarily, the variation of housing
prices with risk only reveals the marginal benefits of risk reduction.
In equilibrium, each household chooses a bundle of housing characteris-
tics (including risk) such that the household marginal benefit from

each characteristic 1is equal to the characteristic's marginal hedonic
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price. The marginal prices thereby reveal marginal benefits. For
most characteristics, however, the marginal benefit curve can have
any shape; without some econometric procedure to estimate this marginal
benefit curve (see Bartik 1983, Brown and Rosen 1981, Freeman 1979)
it is impossible to infer the benefits for non-marginal improvements.
But for the characteristic of risk, economic theory implies that the
marginal benefit curve 1is approximately horizontal. We can, therefore,
extrapolate from cbserved marginal prices and benefits to the case
of non-marginal improvements.

Because the vun Neumann/Morgenstern model has been challenged
by numercus experiments (see Schoemaker 1982 for a review), it is also
important to determine whether these results hold up in alternative
models. I consider specifically the suggestion of Kahneman and Tversky
(1979) that transformations of probabilities rather than actual probabil-
ities enter the utility function. As a result of this change, hou;eholc
willingness to pay is no longer proportional to the size of the risk
reduction. With plausible assumptions about the probability transforma-
tions..however, some predictions can be made about the willingness
to pay for different risk reductions. Finally, I make suggestions
about how survey evidence can be used to test the von Neumann/Morgenstern
model vs. the Kahneman/Tversky model.

2. The von Neumann/Morgenstern Model and Household
Willingness to Pay for Risk Reductions

2.1 The Model

Assume that there are two states of the world, the first in which
no adverse event takes place (probability p), the second in which some

adverse event occurs (probability [1-p]). Household utility in a given

.
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state of the world is defined over a vector of housing characteristics
(E), and expenditure on goods other than housing (x). (The separate
inclusion of housing characteristics will allow us to analyze housing
choices within the hedonic model.) Household utility in the first
state is U1(E,x), in the second state UZ(E"‘)- with U.I > IJ2 at the
same z,x. Note that the utility function is state-dependent; this
modification of the usual von Neumann/Morgenstern model has the important
implication that the marginal utility of income (3U1/ax) may vary over
states of the world. Household preferences before it is known *which
state occurs are described by their expected utility over states of

the world, or
(1) U= pu,(z,x) + (1-p)Uy(z,x).

Household's ex ante marginal willingness to pay for risk reduction
(an increase in p) is their marginal rate of substitution of money
(x) for p, or
U, = Uy

av, 3u,
g e

2) ' (3U/3p)/(3U/3x) =

This marginal willingness to pay for p will in general be a function
rp(_g,x) of 2z and x, or, because expected utility v is a monotonic func-
tion of x, marginal WTP is also a function z and v, Hp(_z_,v).

Housing units are assumed to be described by the z bundle, and
the safety p associated with that location. Without loss of generality,
households can be assumed to be renters, because homeowners can be

regarded as renters who rent from themselves. Market rents r will
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vary with z and p acccrding to a hedonic rent function r(z,p). In
maximizing utility subject to the hedonic rent function, househclds
will equate their marginal WTP for p to the marginal price of p in
the hedonic, ar/ap.2 Household marginal WTP 1is hence observable if
one can estimate r( ), and the z and p chosen by a particular house-
hold is known. In the hedcnic context, the marginal WTP is more commonly
known as the marginal bid.

Consider the benefits of reductions in risk at various locations
within a metropolitan area. If households do not move in response
to this change, the efficiency benefits of this change are the sum
of all households' WTP for the improvement at their location. In another
paper (Bartik 1984), I show that this measure is in general an underesti-
mate of true social benefits; int itively, allowing household mobility
can only add social benefits. Here, however, I focus on measuring
household WIP for the improvement, if no mobility occurs. A compensating

variation measure of an improvement in safety from Po te py; is given

by

p
1
(3) Wl . } Wo(Z,Vo.P)dp

Po
where v, is the original level of utility. The equivalent variation
measure of an improvement is

[p

1
(4) WV e | W (2, vy ,p)0p

pO

where v, 1is the final level of utility. Knowledge of the hedonic tells

us the household marginal WTP at the initial point of the CV measure

M
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[-,;p(_z_,vo.po)}. but no other points are observed along the marginal

WTP curves uncder which the CV and EV measures integrate.

This paper's main assertien is that Np is approximately constant
as p varies. Hence, CV or EV can be approximated by the product
(pfpo)wp(_z_,p,vx) where p is some probability between Po and p,, and
vy is the original or final utility level. In particular, CV can be
approximated by the product (p1-p0}wp(_z_.p0.v0J. This particular product
can be empirically calculated because ”p{i'po"'o) is equal to r.hie ob-
served marginal price of p chosen by the housenold at the original
safety level Pg - This result also implies that the housencld WTP for
an improvement from p, to P3 is approximately equal to (p3-p2)/(p1-po)
times the WTP for an improvement from po"to p;_._thar. is WTP is proportion-

al to the size of the improvement.

2.2A Proof that Marginal WTP Is Approximately Constant
Consider the equation (3) expression for CV. Applying a Taylor-

series expansion to the marginal WTP function, we obtain

[p (p o

1 . 1

(5) WU e |7 Wz PIep 5 | D4, (20vguRg) * 5o (PeRg)ldp
Pg Jpo

The partial derivative awp/ap is evaluated at (E,vo,po). Integrating
this expression leads to

oW

(6) ch - (pi-po}wp(i'VO'pOJ % %?‘;E]EN'Pojz

Hence, CV is equal to the CV that would occur if marginal WTP were

perfectly constant, plus another term. The goal now is to show that
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the second term is likely to be relatively small., This requires an
evaluation of awp/ap.

To analyze the partial derivative of the marginal WTP, it is easier
to consider the marginal WTP as a function of 2, x, and p than as a
function of z, v and p. It can be shown that the partial derivative
of the compensated marginal WTP function is related to the partial

derivatives of the uncompensated function in the following manner:

W £ af
(7) s Yl .
ap ap ox P

3u au
Using equation (2) [marginal WIP = (U;=Up)/(p =— + (1-p) ===)], the

first term in equation 7 can be written as

o U, aU,

a — 0! ie—

P ; ax aX

el A T (i 30

Pawt Wl

Substituting eq. & into eq. 7, &and algebraically manipulating the second

term, we obtain

U, v,
(9) ﬁ - i 3x__ ox - (c_rp. f_}(l‘_‘ﬂ)w
ap P aU, al, ax fp x P
& e

= 'WpH . E(Hp/x}wp

where M 1is the percentage change in the weighted marginal utility of

money as more weight is put on state 1, and E s the elasticity of

B
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marginal WTP with respect to x. In turn, substituting this equation

into the eq. 6 approximation for CV, and simplifying yields

W
cv 2 = ap. V20 =i % P

W
o)
= {p1-ponp(g.vo.pO){1 = 2(py=pg) (M + E x—}}

Hence, CV is equal to the CV If Marginal WTP were constant times one
minus an adjustment term that depends on: (1) the size of the change
in probability considered (p1-po); (2) the percentage change in the
weighted marginal utility of money as more weight is put on state one
(M); (3) the elasticity of marginal WTP with respect to x(E); (4) the
ratio of the household's marginal WIP to its money (;E). The last
two terms reflect the need to take away x as p increases to keep utility
constant, and the consequent effect on household marginal WTP.

From this analysis, if the marginal utility of money were constant
across states, and there were no "income effects" on marginal WTP,
the adjustment term would be zero and marginal WTP would be constant.
A non-zero income effect on marginal WTP will have a negative effect
on household WTP; as p increases, the household's income is reduced
to keep utility constant, thus increasing the marginal utility of income
and reducing marginal WITP., Variations in marginal utility of income
across states of the world have an uncertain effect on WIP. If the
marginal utility of income is greater in state 1, the desired state,
the increase in probability of state 1 increases the marginal utility

of income and reduces household marginal WTP. If the marginal utility
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of income is greater in state 2, household r_narginal WATP will increase
as the probability of state 1 increases.

What are plausible values for the components of Eq. 10's adjustment
term? The elasticity of the marginal WTP with respect to mecney (E)
would be expected to be in the range from 3 to 2. There is little
direct evidence on this, but some insight can be gained from ordinary
demand concepts. For example, if the price elasticity of demand for
risk reduction were about (-1), a marginal WTP money elasticity of
2 would imply an income elasticity of about 2. For a fixed price,
doubling income would quadruple the marginal valuation; a fourfold
increase in quantity would be needed to re-equate the marginal valuation
to the fixed price. = e

Second, the ratio of marginal WTP to income might be also expected
to be in the range from one to two. The marginal WTP indicates the
money the household would be willing to pay for a small risk reduction,
but measured as a money rate per unit of risk reduction. The risk
reduction units are the actual probabilities, so one unit of risk reduc-
tion is a change in p from zero to cne. A change in p from zero to
one might be valued by a household at its entire income x. For smaller
changes in p, one would expect a risk-averse household to be willing
to pay a money rate per risk reduction until that is higher than the
WTP for the complete change from p=0 to p=1.

Finally, it is difficult to have much intuition as to how the
marginal utility of income will vary over states of the world. In
general, however, it seems unlikely that the change in marginal utility
of income as probability increases will make much difference. Consider,

for example, an increase in the marginal utility of income in state

(B | igs=taal
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1. As this increase approaches infinity, the limit of the M term ap-
proaches {Vpo). Assuming Po is greater than .75, this term can be
no greater than 1.33. As we will see, when multiplied by (-2) and
(p1-p0) in equation (10), this term will only require a 13.3% downwards
adjustment in WTP for a (p1-p0} change of .10. A very high marginal
utility of state 2 income could cause greater problems. Increasing
this marginal utility to infinity yields a 1limit to this component
of (:i—po-}. which will equal (-4) if py = .75. This would yield.a 52%
upwards adjustment in WTP for a .10 increase in p, This upwards adjust-
ment to some extent, however, merely counteracts the downwards adjustment
of the second component [E(wp/x)J ?f the adjustment term. So, for

—

a considerable range of increase in dU,/3x, the net effect of the adjust-

au au
1
ment term will be small, In the following, I assume =5 = S 3;3, with

s between 0.5 and 2.0.

Table 1 uses a range of values for all these parameters to determine
the bias in simply assuming the marginal WTP is constant. The terms
reported in the table represent the percentage by which the constant
marginal WTP calculation is greater than the true WTP. From this table,
it is clear that under a reasonable variety of assumptions, the bias
will usually be in the 10 to 20% range. Larger bias figures only ¢ccur
if one examines very large improvements in safety (go: or more) and
assume that wp is large in relation to x (Hp/x = 2,0) and that wp is
very elastic with respect to x(E = 2.0).

The numbers in table 1 represent the bias in extrapolatiné from
the marginal WTP at one point, which cne might want to do using estimated

hedonic marginal prices. It is also possible'to calculate how one

would expect household's stated WTP for risk reduction to vary from
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Table 1: Percentage Blas in Calculating WTP
Caused by Assuming Constant Marginal
WTP
Increase from Increase from
p=.3 to p=.9 p=.8 to p=1.0
S = .5
W_/
p’ X Hp/x
1.0 2.0 19 2.0
5 2% 13 =3 +2%
E 18 +15 +6% +2 12
2.8 +6% +16 «12 32
S = 1.0
wp/x ] . up/x
1.0 2.0 1.0 2.0
oD +3% +5% +5% +10%
E 1.0 5 10 10 20
<2 10 2C 20 Lo
s = 2,0
hp/x hp/x
1.0 2.0 1.0 2.0
5 +5% +82 *11% +16%
E 1+Q 8 13 16 26
2.0 13 23 26 4g

Ncte: Table reports (100)(%)&P{[———3—:—l—-

Pys + 1-pg

] +

W
CE]{;EJ]. The resulting number is the bias in

using a constant marginal WTP assumption to
calculate WTP for a change in p, computed as
a percentage of the constant marginal WIP calcu-
lation. A positive number in the table means
a positive bias in the calculation; i.e., the
constant marginal WTP calculation {s greater
than true WTP by that percentage. The table
shows how the bias varies with s, E, and Wp/x.

10
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strict proportionality to the size of the risk reduction. These theoret-
ical predictions could then be compared with actual survey evidence
to test the theory. Table 2 reports the percentage difference between
twice the true WTP for a safety improvement from p=.8 to p=.9, and
the true WTP for a safety improvement from p=.8 to p=1.0. The figures
in the table are the percentage by which the WIP for the larger improve-
ment is less than twice the WTP for the smaller improvement, calculated
as a percentage of twice the WIP for the smaller improvement. The
table indicates that the WTP for larger improvements is generally only
5-15%9 less than the prediction from simply proportionally inflating
the WTP for the smaller improvement. These figures are generally less
than in table 1 because household WTP ;or t;;-smaller improvement already
incerporates the downwards slope of the marginal WTP function as p
increases. Survey evidence on household's valuations of changes in
risk could test the predictions in table 2, particularly if wp/x and
E would be ascertained.

The final implication of these restrictions on the shape of the
marginai WTP function are restrictions on the shape of the hedonic
price function. At any household's chosen equilibrium, the household
compensated marginal WTP for risk reduction must have a more negative
slope than the marginal price function for risk reduction, or
alr 3Hp

D m—

(11) 5

n

p

This is a second-order condition for utility maximization in this problem

(see Rosen 1974 or Bartik 1982). Substituting equation (9) (the deriva-



Table 2. Percentage Difference 3etween WTP for Improvement from p=0.3 to
p=1.0 and Twice WTP for Improvement from p=0.,8 to p=0.9
s = .5 s =1.0 s & 2.0
wp/x-1.0 wp/x-z.o dp/x-1.0 dp/x-z.o ap.x-1.0 dp/x-z.o
+D +1% -1% -2% ~5% -6% -9%
E 1.0 -1% _ -6% ~5% -11% =93 ~15%
2.0 -63% -19% -11% -25% -15% -30%
T = WT? 8 1
fiakas Oulcdiated sa WTP(0.5 to 1.0) 2(WTP(0.8 to 0.9)]

2(WIP(0.8 to 0.9)]

A
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tive in terms of the uncompensated marginal WTP function) into (11)
»

one obtains

r Hp
(12) E > -pr - n'pE[x—]

au

Dividing both sides by wp(- %% at the equilibrium) and assuming 3;1 =
au

s -5-;-2-, results in

W
¥r , ar s T P,
(13) ;;5/351[9_577:5" E.fo==)

The left-hand side is interpretable as the percentage change in the
marginal price of p for a one perc;;t i;;;ease in p. The percentage
change must be greater than a number that dépends on p, 8, E, and wp/x.
Table 3 compiles valus of this lower bound for various values of these
parameters,

From table 3, a one percent increase in p can either increase
the hedonic marginal price of p, leave it unchanged, or reduce the
marginal. price by less than three or four percent in absclute magnitude.
In other words, the hedonic rent function can be convex with respect
to p, or a straight line, but the function should not be "tooc concave"
anywhere with respect to p. This is a significant restriction on the
shape of the hedonic. This prediction can potentially be empirically
tested. For example, if empirical hedonic rent functions, estimated
using a flexible functional form, indicated that a 10% increase in

p led to a reduction in the hedonic marginal price of more than 50%,

this would contradict the theory outlined here.
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Table 3. Lower Bound for Percentage Change in Hedonie Marginal Price of
Risk Reduction for One-Percent Increase in Probability of
No Loss, Starting at p=.8

8 = 5 8§ = 1.0 s = 2.0

W. /x=1.0 W. /x=2.0 W./x=1.,0 W./x=2.0 W./x=1.0 W./x=2.0

p p P P p : p
.5 3 -.2 -.5 -1.0 -1.1 -1.6
E 1.0 -.2 <1 .2 -1.0 -2.0 -1.6 -2.6
8.8 -1.2 -3.2 -2.0 -4.0 -2.6 4.6
W
1 - s P

Note: Table reports ( Yo B T This is equal to negative of numbers

ps + 1-p

—

in Table 1, times 2, divided by (100)ap.

1
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3. The Kanneman/Tversky Model and Household Willingness
to Pay for Risk Reduction

3.1 Implications of the Kahneman/Tversky Model
for WTP for Risk Reduction

Kahneman and Tversky have developed an alternative to the von
Neumann/Morgenstern model for analyzing decision making under risk.
This model is intended to explain numerous experimental results that
apparently contradict standard expected utility theory (see Schoemaker
1982 or Kahneman and Tversky 1979 for a review). I will not try to
analyze the effects on WTP for risk reduction of all of the features
of the Kanneman-Tversky mocel. Instead, I focus on one particular
feature of the Kahneman-Tversky model, its assumption that transforma-
tions of probabilities rather than achal ;;Bbabilities enter the utility
function.

Kahneman and Tversky argue that individuals tend to ignore extremely
small probability events and overweight slightly larger but still small
probabilities, Furthermore, they argue that in some medium range,
from perhaps p=.05 to p=.95, that the weight placed on events varies
less thén proportionally with probabilities. All of these asserticons
can be explained if individuals use some function of probabilities
rather than actual probabilities in assessing risk. This function
would be zero for small probabilities, jump to some value greater than
the probability for larger probabilities, and then have a slope less
than one as the probability increased. In the present model, it is
the probability of loss (1-p) that will usually be small. Kahneman
and Tversky's model implies that a function G(1-p) rather than (1-p)

will be used in assessing loss. This function is illustrated in Figure
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1, which is closely patternec after Figure 4 in Kahneman-Tversky (1979,
p. 283).

In general, there is no reason in the Kahneman-Tversky model to
assume that the transformed probabilities ([G(p) and G(1-p)] sum to
one., However, Kahneman and Tversky also argue that individuals often
maximize utility by dividing their choice set intc a certain component,
and a risky gain or loss multiplied by the transformed probability
of that risk., 1In the present model, this implies that househcld prefer-

ences may be described by

(14) UsU;(z,x) + G(l-p)[Uz(E,x} - U,(2,x)]

= [1 - G(1-p) U, (2,x) + G(1-p)[U,(2,x)]

Based on this utility function, household marginal WTP is given

by

ke p = W, 30,
sy T':l) + — G
ox aXx

This marginal WTP would be equated by the household to the hedonic
marginal price. Integrating this marginal WTP over some improvement
from Pop O Py, and again using the Taylor-series expansion, ylelds

an approximation to household WTP for the improvement.

(16) W = J dep
Po
R Grl wp
- (91'90)"‘;(3_-“0:}50){1 S 2[91-p0][F * HS + E ’x_li
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where G' anc G" are first and seconc derivatives, and Mg = G'[(5U1/5x)
(aszax)]f[{1-G)(3U1/3x) + G(aUzlsx)]. Again, WTP equals the amount
it would be if marginal WTP were constant, times one minus a correction
term. This is a generalization of the earlier model. The earlier
model (eq. 10) can be viewed as equation 16 with the assumption that
G=1-p, G' =1, G" =0,

Tne most  impertant change in this more general expression is the
term (G"/C'). If some constant value of this term could be assumed
as p varies, the probable numerical value of the bias in assuming con-
stant marginal WTP could be calcuiaced. If the G function is shaped
as Kahneman and Tversky assume, however, G"/G' will be far from con-
stant. In this case, a Taylor-series approximation is likely to be
quite inaccurate, Equation (16), however, can be made exact by evaluat-
ing all derivatives at some p between Py and p,. Hence, this equation
implies that the G"/C' term has some potential for adcing additional
bias if G" is non-zero and large at some p between Py and Pq- In particu~
lar, if G" is positive, the constant marginal WTP assumption can lead
to an overestimate of the true WTP, wnile if G" is negative, true WTP
may be underestimated. These possibilities can be illustrated using
Figure 1. Suppose the marginal WTP is known for some p to the rignt
of point a. If we try to use that marginal WTP to predict the WTP
for an improvement to the left of a, between a and b, we are likely
to significantly underpredict the true WTP. Algebraically, this occurs
because G" is negative near a. Intuitively, this occurs because marginal
WTP increases greatly as we move to the left of a; a given improvement

in actual safety results in the region a to b in a much larger improve-

ment in perceived safety (i.e., G' > 1). Similarly, if we use the

A |
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marginal WTP in the region from a tc ™ to predict the WTP for an improve-
ment to a point to the left of b, we will probably overpredict true
WTP. Algebraically, G" is positive near b. Intuitively, the marginal
WTP drops to zero to the left of b, because G' = 0.

To provide a numerical illustration of the possible biases in
assuming constant marginal WTP, I will make a number of simplifying
assumptions. Suppose increases in risk are ignored in the zero to
one percent range; that the perceived risk is 10 percent when the_'acr.ual
risk is 5 percent, and that perceived risk equals actual risk when
the actual risk is 20 percent. Suppose furthermore that the margin-
al utility of money {s constant over states of the world and there
are no income effects on marginal WTP. This implies that the only
factor preventing marginal WTP from being constant is the transformation
function G. Under these assumpticns, true WTP for an improvement in

safety from Py to Py will be given by

(17) WV b W_d e T d
‘ ) J g * J a0, 3, P
Po e TR g B
= EE p
ox Po

= k[G(1-pg) = G(1~=p,y)]

From Eq. (17), true WTP will not be proportional to the size of the
¢

risk reduction unless G(r,) - G(py) is proportional to (p1-p0), which

will not be the case because G' is not constant. Using the specific

numbers given above, the true WTP can be written in terms of k as
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(18) (a) WV(py = .8 to p; = .95) = «[.20 - .10] = .10k
(6) wV(p, = .95 to py = .99) = k[.10 = 0] = .10k

(¢) WV(p, = .99 to py = 1.0) 1 k[0 - 0] = 0

In this example, an improvement in safety from .95 to .99 (reduction
in risk from 5 to 1 percent) is valued by the same amount as an improve-
ment in safety from .8 to .95 (reduction in risk from 20 percent to
5 percent) even though the improvement from .95 .to .99 is only. about
one-fourth the magnitude of the latter improvement. Furthermore, improve-
ments in safety beyond .99 are not valued at all.

The Kahneman-Tversky model thus implies that in general, the assump-
tion of a constant marginal WTP will Be iﬂngrOpriate. Given the shape
of the transformation function assumed by Kanneman and Tversky, however,
information about households' marginal WTP, obtained from hedonic price
studies or elsewhere, may still be useful. For example, if figure
1 is correct and the transformation functicn has approximately constant
slope to the right of point a, then the marginal WTP will be approximate-
ly constant in this range. Furthermore, projecting a constant marginal
WTP to the left of a is 1likely to lead to an underestimate of true
WTP. Thus, one can use marginal WTP values calculated from hedonic
price functions to: (1) approximate actual benefits up to some critical
level of risk, a; (2) provide a lower bound for the benefits from further

reductions in risk.

3.2 Testing and Using the Kahneman/Tversky Model
Using survey data, it should be possible to evaluate which model,
Kahneman/Tversky or von Neumann/Morgenstern, better explains individual's

behavior towards risk., As developed in section 2, the von Neumann/

.. B T ]
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Morgenstern model precicts that househocld WIP for risk reduction snould
be propeorticnal to the magnitude of the risk reduction. In contrast,
if household preferences follow the Kahneman/Tversky model, survey
responses would be expected to be quite different. As risk is reduced,
WTP would at first be roughly propertional to the magnitude of the
risk reduction. But at some critical point (a in figure 1), WTP per
a given change in p should increase encormously. Finally, at some level
of safety quite close to 1 (point b in fig. 1), households WTP for
further risk reduction would decline to near zero.

If households follow the Kahneman/Tversky model, it would be quite
important to determine these critical peoints "a" and "b" for different
types of nouseholds. As discussed abo;e, t;e_se critical points determine
the range in which the use of marginal WTP values from hedonic price
studies result in an underestimate of true WTP. Furthermore, one woulc
expect that point b would often be the efficient level of risk reduc-
tion. To take an extreme example, suppose that the marginal cost of
risk reduction is constant (per given increase in p). Then if any
risk red;xc:ion at all is efficient, point b would be optimal, because
marginal WTP increases as we move from the right to point b. This
result does not hold if the marginal cost of risk reduction increases
as more and more risk is eliminated. However, if the marginal cost
of risk reduction does not increase too rapidly, then point b will

still in many cases be the optimal level of risk reduction,

4, Conclusion
The most important conclusion of this paper is that household
WTP for risk reduction is 1likely to be roughly proportional to the

magnitude of the risk reduction. This proportionality only fails as
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prices, but this certainly does not

from reducing the risk.
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imply that there are no benefits
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1. INTRODUCTION

Empirical measurement of the benefits of improvements in public
goods is increasingly important fcr policy. For example, evaluating
the benefits of environmental goods is crucial in determining the strin-
gency of environmental regulations. The benefits of these public good
improvements 1is usually assumed to be the sum of all households' willing-
ness to pay for the improvements, in the spirit of the original Samuelson
public good model.

One empirical model coften used to measure the value consumers
place cn public gonds is the hedonic housing price model (Rosen 1974).
To use this model, the level of the public good must vary from house
to house within a housing market. Public goods that vary spatially
are often called amenities (Diamond and Tolley [1982], Bartik and Smith
[1985] review the amenities literature.)

Housing prices will vary with amenities according to a2 hedonic
price function. Housing price variations and consumer choices can
be used to estimate a household's marginal willingness to pay or marginal
bid function for the amenity, although the appropriate econometric
procedure is in some diSpute (Bartik [1983], Brown and Rosen [1982],
and Diamond and Smith [1982] discuss the econometric issues). Using
these estimates, the usual procedure for calculating benefits is to
integrate under the marginal bid function of the household at each
location between the before and after levels of the amenity at each
location, and then sum over all households, (for example, Harrison
and Rubinfeld [1978].) This will approximate the sum of all households'
willingness to pay for the amenity improvements at their original loeca-

tion.
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The first purpose of this paper is to point out that in a hedonic
model, the benefits of amenity improvements will not be given by this
sum of all households' valuations. This benefit measure overlooks
the spatial rearrangement of households and housing supply adjustments
of property owners that follow amenity improvements. Unfortunately,
a conceptually accurate benefit measure is not pragtical, because we
would have to solve for the new equilibrium hedonic function in order
to ascertain the spatial rearrangement and housing stock adjustments
that will occur. Explicit solutions for hedonic price functions are
at present usually unobtainable. :

The second purpose of this paper is to suggest practical procedures
that might be used to estimate the benefits of amenity improvements.
Two benefit measures are proposed that bound true benefits. The house-
hold's valuaticn of the amenity change at its current location, (the
usual measure) is shown to always be an underestimate of the true bene-
fits. An overestimate of true btenefits 1is provided by the hypothetical
increase 1in property values that would occur due to amenity Iimprove-
ments if the hedonic price function remained unchanged. The paper
also shows the special circumstances under which these measures will
be exact rather than an under or overestimate. Finally, the paper
discusses the feasibility of approximating the benefits if only the
hedonic price function is known, while the marginal bid function cannct
be estimated. This situation arises frequently in empirical work because
of the many econometric assumptions needed to estimate marginal bid

functions.
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2. HOUSEHOLDS' VALUATIONS OF THE AMENITY IMPROVEMENTS AT THEIR ORIGINAL
LOCATION IS AN INACCURATE BENEFIT MEASURE BECAUSE IT OVERLOOKS
ADJUSTMENTS BY HOUSEHOLDS AND LANDLORDS

2.1 A Proof

A proof of the inaccuracy of the usual benefit measure (households'
valuations of the improvements at their original location) can be ob-
tained by deriving the true benefit measure, and comparing it with
the usual measure. Consider a set of improvements in amenities of
various amounts at different locat.ioris within a ecity. In general,
this set of improvements will lead to a change in the hedonic price
function. Faced with a new hedonic function, and a different level
of amenities at their original location, most households will choose
a new level of amenities and a new location. 1In addition, property
owners may choose different levels of housing characteristics. To
simplify the exposition, I assume that all households rent housing
from landlords; this assumption does not limit the generality of the
analysis because homeowners can be treated as renters who rent from
themselves. The total social benefits of the amenity improvements
are then equal to the sum of all households' gross willingness to pay
for their new locatioﬁ minus the change in rent they pay, plus the
change in profits of landlords.

Under these assumptions, the net benefits to household i (BHi)

of the improvements can be written as:
a a - b b
(1) BHi " [E(Anil znin vi) E(Aoit ZOI. vl)]
- [p?(ad a bbb b
A =

Equation (1) uses the following notation: E( ) is the household's



bid function, that is the rent it must pay for a given housing unit
to give 1t a particular utility 1evel;2 A 1s the vector of amenities
at a particular location; Z is a vector of other housing quantities,
and vy is some utility level for household i. The subscripts "ni"
and "oi"™ on the A and Z variables indicate the level of A or Z for
household i at its new and old locations respectively. The superscripts
"a®™ and "b" on A and Z indicate the level of amenities and housing
characteristics at a location after and before the amenity improvement
and consequent housing stock adjustments. p2( ) and p?( ) are the
equilibrium hedonic price functions after and before the amenity improve-
ments, respectively.

The expression in equation (1) can be equal to either the compensat-
ing variation or equivalent variation measure of the benefits toc the
household, depending on the level of utility Vi If vy is the house-
hold's original level of utility, then equation (1) gives a ccmpensating
variation measure of benefits. In this case, the first expression
in brackets [E(ﬁ:i. Z:i. V) = E(AP Zgi, v4)] shows how much more

ol’

a a b b
the household is willing to pay for (Ani' zni) than for (Aoi' zoi)
at its original utility level; that is, the amount of money that if
taken away frcm the household at its new consumption levels of A and
Z would give 1t the utility it originally had. The second expression

as,a’ a o. abral b
in brackets [p (Ani, zni) p (Aoi. zoi)J gives the extra rent the
household actually has to pay. Hence the entire expression in (1)
shows the extra amount, above the change in rents, that would have
to be taken away from the household consuming Azi and Zﬁ,, and paying

rent patngi. zf.,.). to keep the household at its original utility level.

This is precisely the definition of a compensating variation measure.

L2 o
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Similar reasoning can show that equation (1) is an equivalent variz-
tion measure of the household's benefits if v; 1s the household's final
level of utility.

Landlord's profits change after the amenity Ilmprovement for fcur
reasons. First, amenity improvements may affect landlord costs (e.z.,
lower crime may reduce vandalism of property). Second, the charze
in amenities at the site they own changes the rents received even iZ
the overall hedonic price function remains unchanged. Third, the shif:
in the hedonic price function also affects rent received by landlorcs.
Finally, landlerds may respond to these changes by choosing a different
profit-maximizing mix of housing characteristics. Taking all four
factors together, the resulting change in landlord j's profits (BLj}

is given by £
(2) BLy = [pacaj. zg) - ccag. 23)3
- [pbtag. z?) - C(AR. z%)]

The notation in equation (2) is similar to that in equation (1), but
only a J subscript is needed because landlords do not change locations.
C( ) is the landlord's cost function.

As usual for public goods, total social benefits (TSB) of tkre
amenity improvement are the sum of benefits to all those affected by
the public good, in this case households and landlords, or
(3) TSB = JBH, + ZBLJ

: i j
The usual benefit measure is quite different from that derived

above. The usual measure 1s the sum over all households of the house-



hold's gross willingness to pay for the amenity change a*t its original

location. For household i, this benefit measure (BMH) is

(%) BM,, = E(AZ

b = b
11 Oi' Zoi. vi) E(A

b
-1 i zoi’ Vi)

The usual social benefit measure is this individual measure summed

over all i, or

(5) BM, = }arg {

In general, there is no reason for the benefit measure in equation
5 (BM,) to be the same as the true social benefit measure (TSB) in
equation 3. Only under very restrictive assumptions will the two mea-
sures be the same. More specifically, the usual measure will be the
same as the true measure if: (1) no household changes locations; (2)
amenity changes do not affect landlord costs; and (3) no landlord's
housing supply choices change as a result of the amenity improvements
and hedonic function shifts.

If all three of these assumptions hold, equations (1) and (2)
can be reduced to equation (4) by matching up each household with his
landlord. The landlord costs in equation (3) then net out, the rent
changes in equations (1) and (2) cancel out‘as a pecuniary transfer
between tenant and landlord, and we are left with equation (4) as an
expression of the true social benefits asscciated with a particular
household-landlord pair. However, all these algebraic manipulations
depend on the unrealistic assumptions that households do not move and
landlords do not adjust housing supply in response to amenity improve-
ments, as well as the perhaps more realistic assumption that the amenity

does not directly affect landlord costs.

M
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2.2 Calculation of the True Benefit Measure is Infeasible Because
it Requires a Solution to the Determinants of the Hedonig Price

Function .

The problem with the correct social benefit measure described
in (3) is that it is almost impossible to calculate. In particular,
to derive this measure one would have to determine how the equilibrium
hedonic price function is affected by the amenity improvements.

The requirements for an equilibrium hedonic price function are
conceptually easy to describe. For each household i, the vector of
housing characteristics and amenities demanded will be a functional

of the hedonic price function, househcld income, and other observed

and unobserved demand shifters, or

where ¥y is household i's income, and D.‘.-‘.i is a vector of cbserved and
uncbserved demand shifters. Similarly, for each landlord j the vector
of housing characteristics supplied will be a functional of the hedonic
price function, the vector of amenities at the landloerd's location,

and observed and unobserved supply shifters SSJ.

The equilibrium hedonic price function will be the function that results
in an exact match between housing hbundles (Z, A) demanded and bundles
supplied. In general the equilibrium hedonic function will depend
on the distribution of household characteristics, landlord characteris-

tics, and amenities in the housing market.
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This problem of finding the equilibrium hedonic price function
is.not susceptible to analytic solution. The problem might be solvable
by general equilibrium simulation methods, particulafly if the problem
was made discrete by assuming a limited number of housing types. How-
ever, I am unaware of any successful applications of this approach
to the hedonic problem. Furthermore, any simulation solution will
require a great deal of information that may not be available in many

cases in which benefit measures are desired.
3. TWO ALTERNATIVE MEASURES THAT BOUND THE TRUE BENEFIT MEASURE

3.1 The Usual Benefit Measure is Always an Underestimate of the True

Benefit Measure

Although the true measure may be unpractical, we can develop cal-
culable measures that bound the true benefits. I show in this subsection
that the usual benefit measure, the sum of all household valuations
of the amenity changes at their original location, will generally be
an underestimate of true benefits. The next subsection derives a measure
that is generally an overestimate of true benefits.

The usual measure can be shown to be an underestimate of benefits
by considering the effeats of the amenity improvements in three hypothet-
ical stages. These stages are not meant to correspond to any actual
sequence of events in the real world. Rather, these three stages are
a convenient analytic device for decomposing the benefits of amenity
improvements.

In the first stage, we imagine that the amenity improvements take
place at various locations within the housing market, but that no rents

change, households do not move, and landlords do not adjust the housing

stock. At the second stage, we allow rents at all loecations to change
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to the level they will have under the new hedonic price function.
Finally, at the third stage, households adjust by moving to their nesx
equilibrium location, and landlords adjust by changing their desired
housing stock. All three stages taken together include all the changes
that occur because of the amenity improvements. Table 1 gives explicit
algebraic formulas for the benefits to houzeholds and landlords at
each stage.

The benefits of stage one, in which amenities change but no rent
changes or adjustment take place, are equal to household valuations
of the improvements in amenities at their current location, plus any
cost savings of landlords due to amenity improvements. The efficiency
benefits of stage 2 are zero because the rent change is a pecuniary
transfer between landlords and tenants. At the third stage, both house-
holds and landlords must gain benefits by moving to their new equilibrium
position, because by definition this equilibrium must yield the maximum
possible utility and profits, respectively.

Summing these benefits from all three stages gives the total social
bepefits from the amenity improvements. From the above discussion,
these social benefits must equal households' valuations of the improve-
ments in amenities at their current location, plus any cost savings
accruing to landlords, plus gains from adjustment by households and
landlords. It seems reasonable to assume that amenity improvements
usually do not increase landlord cﬁsts. As discussed above, by defini-
tion the benefits from househcld and landlerd adjustment must be non-neg-
ative. Hence, total social benefits are equal to the sum of household
valuations of the amenity improvements at their original location plus

two non-negative numbers. Hence household valuation of the improvements
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at their original location must be an underestimate of the true social

benefits,

This decomposition of total social benefits alsc demonstrates
again, as asserted in section 2, that the usual measure of social bene-
fits will be identical to the true measure if the amenity improvements
do not yield landlord cost savings, and no household or landlord adjust-
ment takes place. In this case, the two non;negative numbers mentioned
above happen tc be zero.

It seems worthwhile to explore in more detail the conditions under
which the usual household valuation measure is an exact measure, and
in particular, how likely these conditions are to hold in the real
world. Considering landlord costs first, for many amenities one would
think it plausible that there are no significant effects on landlord
costs. For example, -the cleanliness of the air is not likely to have
any significant effect on landlord costs in providing different sized
dwelling units.

Second, consider what circumstances could make it likely that
households would not adjust location in response to amenity improvements
throughout a housing market. This might occur if househclds were reluc-
tant to move because of high financial or psychological moving costs.
Households will also remain at the same location if the amenity improve-
ments do not change the ordering of locations by amenity quality; and
households dluays arrange themselves in the same order of amenity con-
sumption, for example, if amenity consumption and household income
always have a monotonic functional relationship. While these assump-
tions might seem plausible, further consideration reveals that these

assumptions are unlikely to hold. For example, in general any policy
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that improves clean air in a metropolitan area will rearrange the order-
ing of locations b;;( air quality. Furthermore, even if locations retain
the same ordering by amenity quality, households are 'unlikely to retain
the same ordering by amenity consumption. This occurs because househol:Z
demand is for the whole housing bundle, and improvements in the amenity
quality of a number of bundles, even if the same improvement takes
place for all bundles, may change the relative attractiveness of differ-
ent bundles. For example, suppose tnat; there are only two households
and two hous;ng bundles. Furthermore, assume that one hcusehold is
of high income, while the other household is low inccme, but that other-
wise the households are identical. Finally, assume that initially
housing unit A is of high construction quality but has low air quality,
while housing unit B is of medium construction quality but has high
air quality. The two households, given identical tastes, both agres
that unit B is worth more than unit A.

Under these assumptions, one would expect the higher income house-
hold to obtain the higher quality unit (in this case, unit B) because
it would be willing to bid more than the lower income household for
the same quality increment. Now suppose some environmentzal policy
improves the air quality at both sites by the same amount. Under these
assumptions, unit A may now be considered by both households to be
of greater overall quality. As before, the higher income hcusehold
would be expected to outbid the lbuer income household for the higher
quality unit, which is now unit A. This example shcows that even a

policy which raises amenity quality uniformly everywhere can affect

household3s' location decisions.
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Finally, consider the conditions under which landiords' housing

production choices will remain unchanged. In general, landlords will
3 ac

choose a level of the vector Z such that e (Z, A) = = (Z, A) or the

marginal price c¢f each Z equals its marginal cost. Their choice of

Z will remain unchanged after the amenity improvements i{ the same

23 satisfies this marginal condition, cr

a° b € b
(8) (a) 55— (A}, 2%) = == (A3, Z})

and

(b) %g: (8%, 23) = -g% (a3, z%)

As can be seen from these equations, the marginal prices and cost func-
tions facing each landlord change for two reasons: first, the amenity
improvement at each location may affect the marginal price and marginal
cost of Z even if the hedonic remains unchanged; second, the hedonic
will probably change. Because we lack complete analytic understanding
of the determinants of the hedonic price function, it seems difficult
to make any general statement about what will happen to marginal prices
of Z if amenities improve and the hedcnic function shifts. However,
it would seem an extraordinary stroke of luck if the same Z were to
satisfy both equation 8a and equation 8b.

It is perhaps more reasonable to assume that landlord supply of
most housing characteristics will not change much in the short-run,
due to the durability of housing capital, and high alteration costs.
If this assumption holds, and households do not move in the short-run

because of moving costs, then we may interpret the usual benefit measure

B
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as a short-run measure., In the short-run, it may not be unreasocnable
to assume that hocuseholds and landlords do not adjust very much to
amenity improvements, because of moving costs, the durability of housing,
etec. The usual benefit measure might then be adequate as a short-run
benefit measure. Over the longer-run, as adjustment occurs, the usual
benefit measure will become more and more of an underestimat;. |

3.2 The Property Value Increases Predicted by the Original Hedonic

Function Due to Amenity Improvements will Overestimate True Benefits

An overestimate of true benefits is provided by the hypothetical
property value increases that would be caused by amenity Ilmprovements
if the hedonic property value functicn remained unchanged. 1 emphasize
that these predicted property value increases are purely hypothetical,
because the hedonic property value function would generally be expected
to change after the amenity improvements.

In a similar approach to the previous section, this beneflt measure
can be shown to be an overestima;e by considering the effects of the
amenity improvements in three hypothetical stages. In the first stage,
the amenity improvements take place, but the hedonic price function
remains unchanged. Landlords adjust their housing supply to the desired
level given the new level of amenities and the old heconic price func-
tion. Households are moved to their new location. In the second stage,
landlords' housing supply choices are adjusted to the level they will
choose after the hedonic price function has shifted. Finally, at the
third stage, the hedonic price function shifts, and rents at all loca-
tions change to their final equilibrium levels. Table 2 gives algebralc

formulas for household and landlord benefits at each stage.
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At the first stage, households must lose because they are moved
from an equilibrium position to a new location that will not generally
offer the same housing and amenity characteristics as their original
equilibrium, yet the hedonic price function has not changed. Landlords'
profits increase for three reasons: the increase in the rents they
can obtain caused by the amenity improvements; any cost savings provided
by the amenity improvements; and their profit-maximiiing housing stock
adjustments in response to these price and cost changes. In a competi-
tive property market, differences in landlord profits across location
must be reflected in property values. The property value increases
resulting in the first stage from the amenity improvements would be
predicted by a hedonic property value model, estimated using the pre-
improvement equilibrium values, that related property values to amenities
and other variables.

At the second stage, landlords must lose profits. The hypothetical
change in the second stage moves landlords from their equilibrium housing
stock choices to housing stock levels that are out of equilibrium given
that the hedonic price function has not yet shifted. The housing stock
change at each location may make households better or worse off than
they were after the first stage, but they must still be wecrse off than
they were at the 1initial equilibrium, given that the hedonic price
function has not shifted.

Finally, the third stage changes yield no net efficiency benefits.
The rent changes are simply a pecuniary transfer betwsen landlord and
tenant.

Taking the benefits of all three stages together, total social

benefits must be equal to the first-stage increase in landlord profits
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plus two changes that move households and landlords out of equilibrium,
and therefore must be net costs. Hence, the first-stage increase in
landlord profits will always be an overestimate of total social bene-
fits. As mentioned before, this first-stage increase in profits can
be measured, 1In capitalized form, by the predicted change in property
values due to the amenity improvements, based on a hedonic model esti-
mated using original equilibrium property values and amenity levels.

This proposed upper-bound benefit measure is not the same as the
rent increases due to amenity improvements that would be predicted
by the original hedonic rent function. As can be seen by the discussion
above, landlord profits increase at the first stage not only because
rents Ilncrease due to amenity improvements, but also because of cost
savings and housing stock adjustments., Even if i-t is plausible to
assume that cost savings are zero, housing stock adjustments would
be expected to positively affect profits. Hence, the rent increases
due to amenity improvements may be an over—- or under-estimate of total
social benefits, depending on the algebralic sign of the sum of profit
increases due to first-stage housing stock adjustments, plus the profit
decreases due to second-stage housing stock adjustments, plus cost
savings, plus the disequilibrium losses to households at the firat
stage. These hypothetical rent increases would probably be an overesti-
mate if amenity-incduced cost savings are small, and if the net housing
stock changes from the first and second stages are small, i.e., the
final equilibrium housing stock chosen by landlords does not differ
greatly from the original equilibrium.

This hedonic property value benefit measure will be an exact measure

of true social benefits, rather than an overestimate, if %the hedonic
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plus two changes that move households and landlords out of equilibrium,
and therefore must be net costs. Hence, the first-stage increase in
landlord profits will always be an overestimate of total social bene-
fits. As mentioned before, this first-stage increase in profits can
be measured, in capitalized form, by the predicted change in property
values due to the amenity improvements, based on a hedonic model esti-
mated using original equilibrium property values and amenity levels,

This proposed upper-bound benefit measure is not the same as the
rent increases due to amenity improvements that would be predicted
by the original hedonic rent function. As can be seen by the discussion
above, landlord profits increase at the first stage not only because
rents increase due to amenity improvements, but also because of cost
savings and housing stock adjustments. Even if it is plausible to
assume that cost savings are zero, housing stock adjustments would
be expected to pesitively affect profits. Hence, the rent increases
due to amenity improvements may be an over- or under-estimate of total
social benefits, depending on the algebraic sign of the sum of profit
increases due to first-stage housing stock adjustments, plus the profit
decreases due to second-stage housing stock adjustments, plus cost
savings, plus the disequilibrium losses to households at the firat
stage. These hypothetical rent increases would probably be an overesti-
mate if amenity-incduced cost savings are small, and if the net housing
stock changes from the first and second stages are small, i.e., the
final equilibrium housing stock chosen by landlords does not differ
greatly from the original equilibrium.

This hedonic property value benefit measure will be an exact measure

of true social benefits, rather than an overestimate, if the hedoniec
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vary across markets. Hence, it seems quite likely that in many cases
benefit analysts will not be able to consistently estimate marginal
bid functions.

I propose that in these situations analysts should give careful
consideration to the hedonic property value measure as an approximation
to true benefits. Although this measure is an overestimate._the approxi-
mation may not be too bad when compared with other potential sources
of error in the analysis.

The error in using the hedonic property value measure 1is bounded
by the difference between this measure and the household valuation
measure. At each location, this is the difference between the effect
of a given amenity improvement on property values and the valuation
by the current household of that amenity improvement. As mentioned
above, the amenity improvement increases property values because it
increases rents, reduces landlord costs, and leads to housing stock
readjustments., Assume, as seems reasonable, that the latter two effects
on profits and property values are relatively small compared to effects
of the amenity-induced increase in rents. Then the possible over;tate-
ment will be roughly bounded by the difference between the amenity
improvement's effect on rents and its valuation by the original occupant
of the site.

From the basic theory br hedonics, it is c¢lear that 1f an amenity
improvement causes a particular increase in rents, then at least some
houqeholds must value that improvement by more than the rent increase,
or the higher amenity sités would never be chosen. Hernce the basic
question is how much less the original occupants value the improvement

thah households who choose higher amenity levels. From & purely theo-
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retical perspective, no answer can be given to this question. But
if the original occupants and households chocsing these higher amenity
levels do not differ greatly in income or other demand determinants,
it seems plausible that their valuation of the amenity improvement
may not differ much either.

For example, consider an amenity improvement that increases rents
at a given location by five percent. This market rent effect implies
that households who originally chose the higher amenity level value
this amenity increment by more than five percent. If the original
occupants of the site are similar in many respects to those who original-
ly chose the higher amenity level, than their valuation of the amenity
may not be much less than five percent.

One empirical example that shows only moderate differences between
hedonic rent increases and household valuations is a study by Bartik
(1983) that focused on the amenity "physical condition" of a neighbor-
hood. Bartik found that rent increases caused by a cne stancard devia-
tion increase in this amenity were about twice the original occupant's
valuation.

Of course, the attractiveness of using the hedonic property value
measure will depend upon the degree of accuracy that is deemed desirable
or achievable in the benefit analysis. From the above example, it
seems clear that the hedonic property value measure might well lead
to a two-fold or three-fold overstatement of benefits. My own view
is that we are deluding policymakers if we pretend that most hedonic
benefit estimates are accurate tb a greater degree than this even without

this approximation. Given the enormous difficulties in measuring ameni-

ties, problems in specifying the hedonic function, and the many unmea-

s
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sured variables affecting housing prices, a three-fold error may not
loom large in comparison. Any analyst who pretends to a greater degree
cf accuracy has probably not looked closely at his data or assumptions,

and is misleading his readers if not nimself.

5. CONCLUSION

This paper has shown that the usual benefit measure for amenity
improvements, household valuations of the change at their original
location, 1is likely to be incorrect. The basic intuition is that it
is fundamentally inconsistent to use the hedonic model, which is premised
on household and landlord adjustment in response to the hedonic function,
and then ignore such adjustment in computing benefits. The true measure
is shown to be infeasible, but some practical alternatives are proposed.
The discussion suggests two possible lines of research. First, the
possibility of calculating the true benefit measure using simulation
methods should be explored. This research should examine how good
various approximations to true benefits are under different assumptions.
Second, further estimates of marginal bid functions, and their comparison
with hedonic price functions, should be undertaken. This would enable
a better assessment of whether hedonic property value measures are
likely to overstate benefits by two-fold, or ten or twenty-fold. If
the latter is true, the hedonic property value measure is unlikely

to be of much use by itself as a benefit measure.
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Footnotes

?I have benefitted greatly from several conversations with Kerry
Smith on the topics discussed in this paper. Portions of this research
were funded by the Environmental Protection Administration.

2The bid function is formally defined as the function E(A, Z,
Y vi) that solves U(Z, A, y - E) = vy, where U( ) is the utility
function of the household defined over Z, A, and non-housing expenditure,

and y 1s household income, The income term is suppressed in the text

because it does not change.
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Table 1. A Decomposition of the Benefits of Amenity Change into Household
‘ Willingness to Pay and a Non-Negative Quantity

Benefits at Various Stages to:

Household i Landlord j Soclety
Stage 1: E(Agi. zgi. Vl) ~ E(Agl, Zgl, vi) -[C(A2, Z?) - C(Ab. Zg)] Sum of all household
: WTP plus all land-
Amenity changes, Household willingness to Landlord cost savings: lords!' cost-savings
no adjustment or pay (WTP) at original location assumed positive
rent change
Stage 2: -[pa(Aol. zbl) - pb(Aoi. gi)] [pa(Aa, Z?) - pP(ab, Zg)] Zero efficiency
i benefits; pecunlar
. H Y
Rent change Rent change Rent change transfer from
' households to
landlords
. - pa a .y _ A7 gl a qay _
Stage 3: E(Anl. 1. v) - p {Ani, Zoy) p (AJ. ZJ) C(R ‘ ZJ) :3§u§:;2 irom X
b a b aa b b - e
Adjustment [E(A2,, z ) - p2(a2,, z° N Ep™ (A s Z27) = C( 3 Z%)] be non-negative
ol oi’ “ot J F2 3 for all
Household utility increase Landlord profit increase from
from adjustment to new hedonic adjustment to new hedonic
Sum of O, P20y we) = E(l,, zP., v,) - p? (a3, z3) - c(na. 23) - Same as Eq. 3 in
Sl 91’ “olt ot n J J text = household
Three Stges BpP(ad,, 22, - pP(al , 2P ) (p"(n zb) - c(n”. z®)1 WTP at original
ol o s j J J “location pl
plus
Same as Eq. 1 in text; Same as Eq. 2 in text; non-negative
Net household gain Net landlord gain quantity
| L}

(44
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A Decomposition of the Benefits of Amenity Change into Landlord

Profit Gain at Original Hedonic Plus Non-Positive Quantity

Benefits at Various Stages to:

~7 N

Stage 1:

Amenity changes,
hedonic price
function does not
change, household
moved to new lo-
cation, landlord
partially adjusts

Household 1

E(Aal. Z# ) - p (“nx' z8,) -

V
ni’
PR 2 %) =9 23]

Effect on household of moving to
new location even though hedonic
has not changed Negatlve unless
(AD., 2%,) = (A0 4o %o Z* 1is
levél o? Z chosgn by 1andlord
subject to new amenity, old
hedonic

Landlord j
pb(Aa' Z%) - c(nal 23) =

3* °d J

b b b

A7, Z C(A YA

[1>(J ) - (J. J)]
Effect on landlord profits
of amenity change and ad-
Justment, keeping hedonic
fixed: assumed to be
non-negative

Society

Increase in land-
lord profits under
old hedonic plus
artificial house-
hold disequilibrium

Stage 2:

Landlord's supply
adjusted to fipal
level

B ry APy pb(nal, o B

ni’

[E(A2 ) = P2, 28.))

ni’ ni' %y
Uncertain sign. But Stage 1 and 2
summed must be negative because
hedonic has not changed, (Z, A)
consumed has changed

b a na a ,a
...C 5 -
b,,a a
K5 2%) = C(A%, Z%

Landlord loses profits be-
cause of change away from
equilibrium Z*¥, given A2
and old hedonic

Net effect of
Stage 1 and 2 is
increase in land-
lord profits at
Stage 1 plus dis-
equilibrium losses.

€2



Table 2.

(continued)

Stage 3:

Hedonic changes

arad nay _ brpa sa

Rent change

Zero efficiency
benefits

Sum of

Three Stages

“In2fpd a _ bsaa a
Cp (Ani' znl) P {Ani' zni)]
Rent change
a = b b -
E(Ayqe Zpge Vy) ~E(AGp 2540 vy)
asaa a L - bzab b
Bl 38 ~ pPUAdy 28 )]

Same as Equation 1 in text

agpad qay _ a ,ay _
P (AJ. ZJ} C(AJ. ZJ)
[pP(Y, 2% - cah, 25
Same as Equation 2 in text

Same as text equa-
tion 3 = Increase
in landlord profits
under old hedonic
plus non-positive
quantity
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SUPPLY UNCERTAINTY, OPTION PRICE, AND
INDIRECT BENEFIT ESTIMATION

%
V. Kerry Smith

I.  INTRODUCTION

Both the original and many of the subsequent explanations of
the concept of option price have been motivated by an assumption
of an uncertain supply of the commodity involved.1 Consequently,
it is surprising to find that all of the definitions of option
price compare two states of the world that each have known (or
certain) supply conditions. Paying the option price does not
eliminate supply uncertainty, as it has been described. Rather
it changes the individual's conditions of access to the good or
service from a certainty of no access to a certainty of complete
access. Risk enters the problem onlv because these analyses
assume the individual does not know whether he {(or she) will
desire access at Ehe time the payment must be made. Since the
analysis is in terms of planned consumption, the reason for this
demand uncertainty is sometimes expiained by the fact that the
consumption must take place in the future, when other factors
influencing demand may have Changed.z

Bishop [1982)] appears to have been the first to draw
attention to this omission of supply uncertainty and proposed a
framework without demand uncertainty to demonstrate that there
are conditions when option value (i.e., the difference between
option price and the expected consumer surplus) would be

3

unambiguously positive.

While there have been a number of thecoretical refinements to



"this structure, there has been little progress in the mecasurement

4
of oplion price. Indeed, there seems to be a consensus that the

estimation of option price will require survey techniques which
provide an explanation of the concept and then elicit
individuals' responses.

The purpose of this paper is to consider the interpretation
of the marginal willingness to pay estimates derived using

indirect methods, such as the hedonic property value or wage
5

models. While it has been recognized since the work of Thaler

and Rosen [1975] that the slope of hedonic functions (wage or
property value) provide a point estimate of the marginal
valuation of the risk change, the specific interpretation of
these marginal values has never been fully explored.S We will
demonstrate that they provide point estimates of the gradient of
the option price -- risk schedule, when the option price is
considered a payment for a change in a set of uncertain supply
conditions. To illustrate the potential policy implications of

this interpretation, two recent hedonic property value studies

are discussed as examples.

ITI. OPTION PRICE AND CHANGES IN ACCESS CONDITIONS

L}

To define option price under the conventional "timeless'
framework assume an individual’s preferences can be described
using state dependent utility functions. Each utility function
is assumed to be well-behaved and a function of the income
realized in each state. Under the conventional definition an

option price (that was different from the expected consumer

~
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surplus) arose because the individual was uncertain which state
would describe his (or her) preferences.7 Our analysis will
follow Bishop [1982] in that the state dependency will be
associated with the supply conditions. For example, if the
commodity is some dimension of environmental quality, then the
differing supply conditions might involve varying levels of air
quality -- such as conditions leading to poor visibility or acute
health effects versus a relatively unpolluted situation. It is
reasonable to expect that these differences would affect an
individual’s ability to enjoy income and hence the marginal
utility of incume.8 This type of effect would imply a state
dependent description of preferences as a function of income.
Without loss of generality we can describe this problen
using two states, with U (.) representing the utilitv realized

1

under the desirable state and U (.) the undesirable. By
9

=

definition the desirable and undesirable states are not known
with certainty. p defines the probability of the desirable state
and (l-p) the undesirable. In this framework, the conventional
definition of option price, OP, would be the maximum payment to

assure the desirable state as given in equation (1l).
U, (¥, -02) = py (¥ + (1-p) U, (¥,) (1)

g
In this case the payment of OP resolves the uncertainty. By

contrast, suppose that the payment simply increased the
likelihood of the desirable state. Analytically this would be
described by equation (2), with o representing the increase in

the probability of the desirable state secured by paying OP.
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(p + 0) Ul (Yl - OP) + (1-p=0) U2 (Y2 - OP) = (2)

0. Uy ) % (1=p), U, (T,)

This formulation is clearly relevant to the examples cited above.
It is also appropriate for both Bishop’s theoretical arguments
and the empirical example presented recently by Brookshire,
Eubanks, and Randall [1983].

If we allow 0 to change incrementally and observe the change
in OP required to maintain constant expected utility at
p U(Y ) + (1-p) U (Y ) then we can define an option price--risk

i i 2 2
schedule with a slope given by (3).

U1 (Yl) - U2 (YE)

dop _
do dU1 dU2 (3
(p +0) E‘.?I + (l-p-9) E

A point estimate of this gradient can be derived from the
hedonic property value model by considering the individual’s
equilibrium choice of risk indirectly through his (or her)
housing location decisions. To establish this result, assume the
individual must select a residential location and receives with
it a bundle of attributes, a , ao, ..., a , as well as a
probability of expericncing ihe ;esirablenoutcome, P. If these
attributes and probability are recognized by all individuals in
the market for sites (both demanders and suppliers), the

equilibrium prices of sites will reflect all of these attributes

including p. Conventional practice maintains that we can
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describe these prices with a function, r-. == the nedonlc price
function. Moreover, we cuan expect thal in equilibrium the
individual will select a site where the marginal contribution of

an increment in p Lo the price equals the 1ndividual's marginal

rate of substitution betwern p and Y, MES ar:
pY
ar (ay, ==+ a_, p) (4)
3p _ = MRSpY

It we further extend tne framework bv specifving a role ftor
X g sowndl in the 1naividual’s ati1ittv tunclion, then the right

L n
side of equalion (4, reduces to the expression on the right hand
s1de of (3) with = 0 {1i.e.., the increment bepgins from p
Thus, the derivative ot the hedonice price function wiln respect
to risk 1.2.. thne praobab1ilfies ot events provides a poin:
estimate (in equilibrium; ot the slope ot the option price-risk
schedule. While this conclusion has not previouslyv been
recognized, it should not be surprising. Once uncertainty is
introduced into the modeling of choices in a hedonic frameworh,
the individual is making ex ante decisions 1n the selection ot =2
stte to ohtain a probability ‘p' along with the other site
attributes. The process defining an equilibrium 1mplies
selections at the margin with payments for i1ncrements in the risk
irregardless of the outcome of the uncertain process. Hence, the
incremental option price as defined in (3) is in fact being paid
before the events at risk are realized (and will necessarily be

constant under all states of the world).



III. SOME EXAMPLES
Two recent applications of the hedonic property value
framework have treated cases that are relevant to this framework.
The first by Brookshire et. al. [forthcoming] examines whether
information on the differential levels of damage to residential
structures as a result of earthquakes in Los Angeles and San
Francisco 1is a significant determinant of property values in each
city. Their measure for risk is a discrete variable -- whether
the home is in a zone with a higher expected level of damage or
in zones expected to be at the average level. Clearly, in this
case, a site selection is made and premium paid before the event
(i.e., earthquake with severe damage) is realized. The property
value differential can be expected to reflect the option price
for the reduction in perceived risk. Though in this case Lhe
discrete nature of the choice makes it difficult to infer an
estimate of the option price-risk gradient from their estimates.
A second example concerns risks of exposure to hazardous
wastes in Boston and a hedonic model developed by Harrison and
Stock [1984]. In this case, a function of distance from the
property to hazardous wastes disposal sites and the size of the
disposal sites is treated as a proxy for risk of exposure teo
these wastes. Assuming this association between distance and
risk is reasonable, then increments in property values associated
with increased distance also represent payments for reductions in
the likelihood of exposure before the outcome of the uncertain
process (i.e., exposure versus not exposure in the simplest

terms). Thus, assuming equilibrium, it should be interpreted as
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"a point estimate of the increment to the option price.

These examples illustrate that it is feasible, in principle,
to develop point estimates of the sfope of the option price-risk
schedule. Estimates of the option price for a discrete risk
change would require knowledge of how this slope varies with
risk. This is an identification problem quite comparable to that
posed in using the hedonic model to estimate the demand for any
other site attribute and can, 1in principle, be resolved in

10
similar terms.




FOOTNOTES

* Centennial Professor of Economics, Vanderbilt University.
Thanks are due Myrick Freeman for helpful comments on an
earlier draft. Partial support for this research was
provided by the United States Environmental Protection
Agency under Cooperative Agreement No. CR 811075. Although
the research described in this paper has been funded in part
by EPA, it has not been subject to the Agency's peer and
administrative review and therefore does not necessarily
reflect the view of the Agency, and no official endorsement
should be inferred.

The concept was introduced by Weisbrod [1964] and has found

its most direct applications in the evaluation of environmental

resources, following the early arguments of Krutilla [1967].

2 Hartman and Plummer [1982] appear to have been the first

to suggest this explanation in formal terms using price and

income uncertainty. For a discussion of their arguments, see

Freeman [1984a!.

3. More recently, Freeman [1984b] has cousidered the possible

interaction of demand and supply uncertainties in considering the

relationship between demand and supply uncertainty. Smith [1983]

also treated a somewhat different form of supply uncertainty

together with demand uncertainty to establish that option value
could be positive.

4. To date there have been four attempts to measure option

price and option value: Greenley, Walsh, and Young [1981],

Brookshire, Eubanks, and Randall [1983], Desvousges, Smith, and

Fisher [1983], and Walsh, Loomis, and Gillman [1984). All have

relied on survey techniques.

5. This statement assumes that the two functions can be

considered independently. That is, in some cases, such as risk

on the job, a hedonic wage model would be the appropriate basis
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for estimating the slope ot the option price -- risk at the pownt
of equilibrium. in others, such as risk ol exposure to hazardous
wastes from local disposal sites, the hedonic propertv value
would be more relevant. When adjustment to risk can effect
decisions in both markets the relationship will depend on how
households are assumed to adjust. In describing such cases both
Rosen 11979 and Roback {1982 have assumed a chanpe of housing
site necessarilv implies a change in job. In that trumework both
functions serve to detine the individual’s marginal willingness
to pav for a site attribute. See Bartik and Smith ' fForthcoming
for a more complete discussion of these models.

b, One notable exception 1s Marshali's (14944 recent paper an
the use of hedonic models to value small changes in the risks of
death. While nis anulvsis specifically recognizes the ex ante
nature ot the derision making, it does not relate the
compensating ditferences in wages (in a hedonic wage [framework
with risk to the option price.

T See Bishop (1982 and Smith [1983] for reviews of this
literature.

8. Some time agfo Arrow [ 149741 otfered a strong argument tor
state dependent preferences in another context. However, 1t 1is
equally relevant to a large number of environmental policies. tie
observed that:

...income is not the only uncertainty, especiallv in the
context of health insurance, and only under special and
unrealistic circumstances can it be held that the other
uncertainties have income equivalents. Put loosely, the
marginal utility of income will in general depend not only
on the amount of income but also on the state of the
individual, or more generally, on the state of the world."
(p. 2)



9. With demand uncertaincyv, as the oripginal definitions of
option price were proposed, the pavment of the option price would
affert access to a resource and therebv add another argument in
the state dependent utility fumections. Thus, if U = U (Y,A)

1 i
with A=za defining access and A=0 no access, the option price for
this case (with state-dependency arising because one 1nfluence to

demand, such as the price of a substitute, being uncertain: the

option price would bhe defined as:

pH ¥ = OF, 'a £ fl=pii B, N G2 A
l 1 2 g
p U Y , o) «+ {l-p} U X B
1 [ 2 2
o 1 For an overview of the identification problems with hedonic
models, see Drown [ 19837 ana Bart ik aad Swith  Forihecoming

10
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I. INTRODUCTION AND OVEKRVIEMW

The basic purpose of this paper is to develop a framework for
defining and measuring the economic values of ecolosical changes,
especially values unrelated to the direct use of the environment,
and to investigate the available techniques for estimating these
economie values. The focus of this paper is on ecological changes
associated with the release of hazardous waste materials into the
environment. Such releases are presumed to degqrade the economic
value of ecosystems. Conversely resulatory policies which reduce
the volume of hazardous materials escaping to the environment or
which reduce the probabilities that releases occur yield benefits
in the form of avoided damages. The focus of this paper is on the
beriefits of these requlations, that is, the economic damages they
avoid or prevent.

The perspective adopted in this paper is anthropocentric.
Qur concern is with those types of ecological effects whieh indi-
viduals (both users and nonusers of particular ecosystems) are
likely to place values on. Thus only those features of the envi-
ronment which are argquments in individuals’ preference orderings
or utiity functions can be said to have economic values attached
to thenm.

This point of view is in contrast to that adopted by some
ecoloqgists who have written about the econopic valuation of eco-
system functions. For example, Gosselink, Odum, and Pope (1974)
suggested that the economic value of 3 tidal marsh could be esti-

mated by determining the cost of carrying ut certain functions
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such as nutrient removal by other means. And Westman (1977) sug-
qested that ecosystem impacts that result in decreases in ecoloqi-
cal functions could be valued at the cost of replacing those func-
tions. For example, 1f 3 hazardous material reduces nitrogen
fixation in soils, they suggest that the damage could be calcu-
lated from the costs of manufacturing and applying an equivalent
amount of chemical nitrogen fertilizer. These replacement cost
measures could be an appropriate-basis for economic valuation if
the replacement activities were actually undertaken. That would
be an indication that the economic value of the ecological func-
tions equaled or exceeded the replacement cost at the margin. But
the ecological functions lost might have little or no value at the
margin, in which case they would not be replaced. And replacement
cost would be an inappropriate basis for determining value.
Ecological systems can yield benefits to people in 3 variety
of forms. For example, both managed and natural ecosystems can
yield food or fiber for market. In such instances, the ecological
system is an input to a production process which also involvas |
capital and labor in the cultivation and harvest of plant and
animal species. We might call these production or markeit benefits
because the harvest activities are undertaken in response to mar-
ket forces and profit incentives. The bernefits of changes to eco-
systems used for market purposes come in the form of charnges in
the prices of goo0ds and factor inputs. This is in contrast to
those human actions involving use of the ecological system where
the use yields utility directly to the individuals concerned. Ex-

amples of such direct use benefits include the values attributable
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to recreation activities such 3s hunting, fishing, wildlife ob-
servation, and nature photography.

It has also been argqued that natural environments including
their ecological components can yield berefits to people which are
not associated with the direct use of the environment. This class
of benefits has been variously named intrinsic, nonuser, and non-
use benefits. Such benefits are said to arise from a variety of
motives, including placing value on the knowledge on the existence
of a particular environmental or ecological attribute, a desire to
bequeath certain environmental assets to one’s heirs or to future
generations, or sense of stewardship or responsibility for pre-
serving certain features of natural environments.

One of the objectives of this paper is the development of a
logic3l and consistent set of definitions and concepts that can
quide further theoretical development and empirical testing. To-
ward this end, section IIl is devoted to a systematic examination
of the several types of intrinsic benefits associated with ecolog-
ical charge that have been discussed in the literature.

In section IV, I consider alternative ways of specifying
preference functions to reflect the various forms of intrinsic
berefits. One issue to be addressed in this section is under what
circumstances is it possible (or meaninaful) to attempt to parti-
tion 2 total benefit measure into components, for example, use.
bbequest, pure existence, and so forth. Another issue concerns the
relationship between intrinsic benefits and the benefits associ-
ated with the direct use of the environment.

Some authors have considered option value to be a form of in-
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trinsic benefit. Option value over and above the expected wuse
value is s3id te arise because of uncertainty about the future

supply or availability of certain features of the ecological sys-

™

tem, especially when the individual may be uncert3in also about
his own future demand. In section V, I review some recent devel-
opments in the theory of option value, present some new results,
and consider their implications for the valuation of ecological
change under conditions of uncertainty. I also show that option
value can be considered to be the algebraic difference between two
different types of welfare measure, an ex ante measure (the maxi-
mum sure payment that can be extracted before the resolution of
uncertainty) and an ex post measure (the expected value of the
maximum payment which can be extracted in each state of the world
after the resolution of uncertainty). Thus the role of option
value in the assessment of welfare changes depends in part on
which form of welfare measure is appropriate. This issue is also
addressed in section V. kd

The major objective of this paper is to identify techniques

or methods for the empirical measurement of the various forms of

intrinsic benefits, and for testing hypotheses about the size and
determinants of intrinsic bernefits. Since intrinsic benefits sre
those benefits that are not related to the use of ecological sys-
tems, it is not possible to draw inferences about the magmitude of

intrinsic benefits from observations of such market related vari-

ables as travel costs of users. Rather, intrinsic benefits, by
their nature, must be estimated through contingent valuation and !

related methods. The purpose of 3 contingent valuation question 1
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is to test hypotheses about both the magnitude of intrimsic and
ecological values and tne features of the ecoloqgy that matter to
people, that is, what kinds of effects are most important to them.
Hypotheses that are worthy of investiqgation imnclude the following:

1. Intrinsic and nonuse values associated with ecosystem
changes ar; significantly greater than zero.

2. People have a hisgher willingness to pay to avoid ecolo-
gical changes affecting large areas and/or persisting
for lqng periods of time as compared with those effects
which are localized and/or temporary.

3. There are significant differences in expressed willing-
ness to pay to avoid changes in different ecological end
points or to avoid changes in the populations of differ-
ent plant and animal species.

4, Is it possible empirically to distingquish among values
due to 3 bequest motivation, values due to a sense of
stewardship or a desire to protect certain species,
etc.”?

Section VI draws some conclusions about the design and implemen-
tQtion of contingent valuation studies focusing on intrinsic bene-
fits.

If individuals are to be asked contirnqent valuation questions
about the intrinsic values of ecoloaical changes, they must he
presented witn plausible and reasonably specific descriptions of
these changes. The next section presents a discussion of possible
ecological consequences of hazardous waste management practices.

II. HAZARDOUS WASTE MANAGEMENT AND ECOLOGICAL EFFECTS

..............




The purpose of this section is to draw on existing knowledage
of categqories of hazardous materials and classifications of the
effects of such materials in the environment to construct one or
more plausitle scemnarios describing how hazardous waste management
requlations might generate ecological and intrinsic or nonuse bern-
efits to people. The point of view adopted in the development of
these scenarios is anthropocentric. That is, our concern is with
those ecological effects that alter human uses of the environment
or that alter features of the ecology that are likely to be impor-
tant to individuals, such as the populations of certain flora and
fauna.

In this section, 1 first develop 3 simple classification of
hazardous materials based upon their toxicity and degree of per-
sistence in the environment. I then develop 3 classification of
ecological effects according to the principal ecoloqical end
points. This section concludes with descriptions of alternative
scenarios of hazardous waste releases to the environment and their
ecological consequences. The purpose of hazardous waste reqgula-
tions is to reduce the probability of such releases and/or the
extent of ecological chanqes that result. Thus these scenarios
ca3n provide 3 basis for describing the potential benefits (damages
avoided) of hazardous waste requlations.

In 3 recent study of instances of envirornmental contamina-
tiorn by hazardous materials, the Environmental Frotection Agency
(1980, p. vi) offered 3 classification of hazardous substances
into six categories reflecting the functional characteristics of

substances in commerce and industry and their chemical charac-
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teristics. The following is a brief discussion of the most likely

m3jor environmental impacts and fates of each of these categories.

Solvents and Related Orgamnics. This catesgory includes such
substances 2s benzene, trichloroethylene, chloroform, and toluene.
Many of these substances are acutely toxic in high doses to humans
and other organisms. On the other hand, most of these substances
disperse rapidly in the environment and are subject to breakdown
to relatively inocuous substances by a variety of chemical and
biological processes. Accordingly they have relatively short half
lives in the environment. Some of these substances are known or
suspected human or animal carcinogens and thus present 3 potential
threat to human health through long term, chronic exposures at low
levels. But due to the short half lives of these substances, such
long term chronic exposures are not likely except in the case of
contamination of biologically inactive ground water aquifers or in
the case of biocgenic sources such as chlorination of drinking
water containing naturally occurring or9anic compounds.

PCRs _and PBEs. The polychlorinated and polybrominated

biphenyls are not readily degraded in the environment. PCBEs are
krown to be widely dispersed throughout the environment; and
detectable amounts of PCBs are present in the atmosphere around
the earth, in the water column and sediments, and in the tissues
of a3 variety of organisms (National Academy of Sciences, 1979).
PCEs can cause a variety of adverse effects on nonhuman species
and have been classified as 3 possible human carcinogen (Inter-

national Agency for Research on Cancer, 1979).

Pesticides. This is a heterogeneous category in terms of



envirornmental impacts and persistence. Some types of pesticides,
for example, the organo-phosphates, are acutely toxic but degrade
quickly in the environment under most conditions and are not sub-
ject to biocoaccumulation. On the other hand, the chlorinated
hydrocarbon pesticides have long half lives in the environment and
are subject to bioaccumulation. Long term exposures to these
substances, even at low levels, are known to have adverse effects
on nonhuman species. And several of these substances are sus-
pected human carcinosgens.

Inorqanic Chemicals. This category includes such things as

ammonia, cyanide, and various acids and bases. While many of
these substances may be highly toxic and/or corrosive, they tend
to have short half lives in the environment because of processes
such 2s oxidation (for example, cyanide) or neutralization.

Heavy Metals. Examples include mercury, lead, chromium, and

cadmium. Heavy metals are obviously persistent in the environ-
ment. But they may become immobilized in sediments. .Not all
chemical forms of heavy metals are biologically active. But some
forms of heavy metal compounds are subject to bioconcentration.
Some compounds are known to be toxic at relatively low doses over
long periods of time. And some are known or suspected carcino-
9ens.

Waste 0ils and Grease--some components of waste oils and

grease may be toxic and/or carcinogenic. But most of the compo-
nents of waste 0il and grease are biodegradable and have relative-
ly short half lives in the environment. Waste oils are often con-

taminated with heavy metals and persistent organic compounds such

R
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as PCBs.

In terms of environmental impacts the cateqories of hazardous
materials described here differ primarily with respect to two
characteristics, toxicity both to humans arnd other organisms
(acute vs. chronic) and environmental persistence (highly persist-
ent vs. relatively short half lives). Furthermore those sub-
stances which are acutely toxic also tend to have short environ-
mental half lives, while those substances which are toxic in
chronic, long term doses (some of which are known or suspected
carcinogens) also tend to be highly persistent in the environment.
For this reason two types of scenarios will be constructed below.
One type will involve large quantities of acutely toxic substances
with short environmental half lives, for example organic solvents,
some forms of pesticides, and inorgqanic chemicals such as cyanide
and acids. The other type will involve quantities of environment-
ally persistent and chronically toxic substances such as PCBs,
some forms of pesticides, and heavy metals.

There are several possible ways of classifying the ecolegical
effects of the release of hazardous wastes into the environment.
The most useful one for the purposes of this paper is based on the
different types of ecological end points Barnthouse, et 2al.,
(1982). It should be noted that these end points were identified
to provide a basis for envirornmental risk analysis for synthetic
fuels projects. Therefore not all of these ecological end points
would be of equal importance for the analysis of hazardous waste
regqulations. Five types of ecological end points were identified

by Rarnthouse, et 2l. These end points were identified because
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each could be clearly defined, was quantifiatle, and described

impacts of potential importance to humans. This is rot intended to

be an exhaustive listing of possible ecological consequences.

1-

Reductions_in Commercial or Game Fish Populations. Be-

cause of their position in the food chain, these fish
populations are often sensitive indicators of the eco-
logical health of aquatic ecosystems. And these popula-
tions sustain inportanf commercial and recreational
activities. This end point could also include the re-
placement of more desirable fish species with less

desirable species (e.g9. carp for bass).

Algae. Increases in the concentration of blue-green
alg2e are oftten the consequence of pollution induced
increases in the availability of certain nutrients.
Blooms of blue-green algae indirectly affect human
welfare through adverse impacts on drinking water
quality and the amenity aspects of water based recrea-
tion. They may also contribute to other ecological

changes such as reductions in the populations of desir-

able fish species.

Compositiorn of Plant Species. Reductions in forest

growth have a direct economic significance, and may also
affect amenity values. Changes in plant species can
affect both recreation and amenity values and the ability

of the terrestrial ecosystem to support mammalian and

S———
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bird species.

4. kReductions in Aqricultural Production. Reductions in

agqricultural productivity are of direct ecornomic signifi-
cance. They lie outside the scope of this research
project.

9. Reductions in Wildlife Fopulations. Reductions in wild-

life populations can occur because of direct toxicity to
species of concern, the modification of habitat, or modi-
fication of the food chain.

Ihe objective of this exercise is to identify scenarios of
hazardous waste spills or uncontrolled releases and the associated
ecological impacts so that realistic and plausible descriptions of
these events can be used for contingent valuation surveys.

It should be noted that the scenarios described below are not
meant to reflect all possible significant events and ecological
end points. Ekather they are meant to be representative of the
more typical or more likely events involving hazardous wastes and
events for which significant ecological and intrinsic benefits are
likely. Thus scenarios involving primarily market or production
values (for example, agricultural productivity, commercial fish-
eries, human health risks, or water supplies) are not represented

below.

Substances: Folychlorinated biphenyls (PCBs), chlorinated
hydrocarbon pesticides, or heavy metals such as mercury, lead, or
cadmium. Substances like these have the characteristics of per-

sistence in the environment, bioconcentration or bioaccumulation,
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and chronic toxicity for a3 variety of species, especially those at
higher trophic levels.

Event. Unregulated disposal or the breakdown of a poorly
designed disposal site leads to the more or less continuous re-
lease of the substance into the environment. Environmental trans-
port via runoff, leaching, or migration through soils results in
the substance reaching surface water systems. As a result the
subbstance is widely distributed throughout the aquatic ecosystem.

Impacts: The accumulation of the substance in the food chain
is likely to lead to reductions in the populations of sensitive
species and their predators (e.g. fish, and fisheating mammals and
birds such 2s ospreys and eagles). Also accumulation of the sub-
starnce in body tissues could render species of game fish unsuit-
able for human consumption.

Forms of Economic Damages: (1) Use values--the contamination
of the tissuwes of fish or reductions in their populations would
result in loss of recreation use values. Reduction in the popula-
tion of water fowl due to direct toxicity or changes in the food
chain could affect recreational hunting and viewing uses. There
could also be losses of user amenity values to the extent that
reductions in the populations of non-game fish and the mammals and
birds which feed on them (e.g9., otters, seals, loons, ospreys),
reduced the oportunities for wildlife observation. (2) Nonuse/

intrinsic values--there could be existence, preservation, or

option values associated with avoiding threats to the populations
of species of aesthetic or emotional significance, for example,

bald eagles, loons, or seals.
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Examples: The following actual cases described in U.S.
Enviromnmental Protection Agency (1980) are illustrations of this
type of scenario: Hooker Chemical, Montague Plant, Muskegqon,
Michigan, 1979 (page 18); Waste Industries, Inc., New Hanover
County, 1980 (page 29); ABM Wade, Pennsylvania (page 35), and Taft

Forge, Inc., Howell, Michigan (page 1235).

Scenario BR: Long term localized effects on terrestrial systems.

Substances: FCBs, or other organic chemicals.
Event: Poor disposal or storage practices lead to the con-
tamination of soils in a localized area.

Impacts: Changes in local plant and animal populations.

L

Form_of Economic Damages: (1) Use Values--Losses to recrea-
tion hunters and to bird and other wildlife viewers. (2) Naon-

user/Intrinsic Values--Reduction in diversity of plant population:

reduction in local populations of mammalian and bird predators.
Examples: The following actual csses described in U.S.
Envirornmental Protection Agency (1980) are illustrations of this
scenario. Byron, Illinois (p. 8l); Winslow Township, New Jersey
(p. 162); Trenton, New Jersey (p. 172); West Glens Falls/
Queensbury, New York (p, 175); Oswego, New York (p. 185).

Scenario C: Short term acute effects.

Substances: Organic solvent, acid, or inorganic toxic such
as cyanide. Such substances are acutely toxic but have relatively
short environmental half lives.

Event: An accidental spill or breach from a poorly designed

containment such as 3 lagoon. The substance quickly spreads to

nearby streams or lakes.
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Impacts: Heavy losses of aquatic organisms including fish,
arnd possibile losses of fish-eating species. Because of dilution.
neutralization, and/or biodegradation, concentrations of the sub-
stance i1n the environment fall to background levels relatively

rapidly. Species populations recover throusgh recolonization and

in-migration.

Timeimsem s,

Eorms of Economic Damages: (1) Use values--activities such
as sports fishing and boating are adversely affected until the
toxic materials are dispersed or neutralized and the populations
of the target species restore themselves. The magnitude of the
welfare losses to users may be relatively low if there are
alternative sites supporting this activity which remain unaffected

by the event. (2) Ngonuser/Intrinsic wvalues--because the impacts

are short livwed and reversitble, and because they do not pose seri-
ous threats to the survival of species, nonuse values may not be
significant.

Examples: The following examples are described in U.S.
Environmental Protection Agency (1980); Kernersville, North

Carolina, Reservoir (page 27); and Byron, Illinois (page 81).

I11. TYPES OF ECOLOGICAL AND INTRINSIC EENEFITS

Before the empirical measurement of ecological hbenefits,
some attentiorn must be given to definimng and measuring the rele-
vant attributes of the ecological system. PFractical questions
include: is a single attribute measure sufficient or must the
ecosystem be described by a vector of characteristics; can the

relevant attributes be represented adequately by dichotomous meas-
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ures or are scalar or continubus measures required? But for deal-
ing with the conceptual issues being addressed in this chapter, it
is sufficient to assume that the appropriate measures of ecosystem
change have been identified.

Table I shows in summary form the categories of the benefits
of ecological change which I propose to use in this chapter. This
classification scheme has been adapted from Desvousges, Smith, and
McGivney (1983). The first major distinction reflected in this
table is that between production or market values and what I
choose to call individual values. Production or market values
arise in those cases where some attribute of the ecosystem is an
arqument in the production and cost functions for a marketed good.
A beneficial ecological change is reflected in an increase in the
economic productivity of the ecosystem and a reduction in the cost
of producing the marketed good. This in turn results in changes
in marketed quantities, product prices, factor prices, rents,
and/or profits. Standard economic models can be used to derive
measures of benefits from these market changes. See Ereeman
(forthcoming) for a review of these models. An interesting effort
to measure the economic contribution of wetlands to the commercial
blue crab fishery on the Gulf Coast can be found in Lyrnne, Conroy,
and Prochoska (1981). While the empirical measurement of produc-
tion or market values places 23 major burden on our knowledge of
ecological relationships, the economic models for making use of

this knowledge are well developed. FProduction and market values
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Table 1
CATEGORIES OF ECOLOGICAL BENEFITS

Froduction/Market Values: Some attribute