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CHAPTER |

OVERVI EW

A | NTRODUCTI ON

This study is a final report for research,conducted under a grant from
the U S. Environnental Protection Agency (EPA) concerni'ng "Methods
Devel opnent in Measuring Benefits of Environnental |nprovenents." This
study replaces and extends earlier draft reports iubmitted to the EPA as a
part of the Methods Devel opnent research project.

The Methods Devel opnent project was intended to focus prinmarily on the
devel opment and assessment of the Contingent Valuation Method, referred to
hereafter as CYM (or CV for contingent valuation), as a nmeans for
estimating social benefits attributable to environmental inprovenents. The
CW involves a process whereby individuals--study participants--are asked
to place values on specific environnental inprovements within the context
of a contingent market. Valuations offered by study participants are
referred to as a "bid" for the environnental inprovenent; the specified
environnmental inprovenent is referred to as an environnmental "commodity,"
or the CV commodity. The study participant "sees"--has described to
hi m her--a particular good or service and is asked to offer a bid for this
commodity which represents his/her maxinmum willingness to pay for that
commodity; in some cases, a process of continuous bidding takes place as a
part of the CVM

Interest in the CYM as a neans for valuing environmental conmodities
arises fromthe nature of such commodities: actual markets do not exi st
for these commodities and, therefore, market values which reflect social
values do not exist for these commpdities. The essence of the CVMis that
of sinulating narket conditions, thereby deriving nmeasures that are akin to
those observed in actual markets.

I nasmuch as values derived fromthe CYM are for contingent clainms in a
hypot hetically specified state of the world to a specific environmenta
comodity, and given that bids are not in fact "paid"--payments of CV bids
are hypothetical in nature--a nunber of questions arise as to how
nmeani ngful or reliable CV neasures can be vis-a-vis "true" social values
attributable to environmental inprovenents. O course, these questions,
whi ch are discussed below in sone detail, provide the raison d etre for
this study. Before turning attention to the purposes of this study,
however, brief nention is warranted of two issues: the relationship of
this study to earlier, draft reports and, secondly, the authors' intentions
for the Overview section of this report.



In a final report, one generally finds little more than a "cleaning
up" of the data and presentations given in draft reports. Such is not the
case here. Basic to the Methods Devel opment project has been a heuristic
process: discovery, learning, efforts intended to provide data and
insights which mght guide further investigation. This process has
continued through the preparation of the final report. Thus, in earlier
reports concerning research progress, expositional enphasis was given to
the manner in which individuals must search their preferences in arriving
at neaningful contingent values. As the authors have attenpted to push the
di scovery process further, it has become evident that experiments related
to "preference research" have broader inplications of inportance for the
validation of CV neasures: they provide neans by which CV responses can be
conpared with observed, or deduced, market-related responses which reflect
the preference research process. In this final report, therefore, concern
with market conparisons repl aces--subsunes--our earlier studies' concern
with preference research per se. As a further exanple, in earlier progress
reports expositional enphasis was given to possible relationships between
how a comodi ty was defined--specified--and the |evel of aggregation
inplicit to a given commodity. As the |earning/discovery process has
continued, considerable progress was nade in understanding and clarifying
these relationships. The critical inportance of distinguishing between
many types of aggregation becane manifest. The parallel between
Lancaster-type "attributes"” of goods and ends soughts in specifying CV
comodities, and the potential of this parallel for providing criteria for
"specificity," became well understood, Thus, this final report includes
the authors' "final" efforts to shape and inprove the |ogic underlying
hypot heses design and data interpretation.

Al'l of the above is intended to encourage readers of earlier, draft
reports concerning the Methods Devel opment project to consider the fina
report in a different light fromthe usual: the effects of restructuring
data and hypotheses in the final report provide, in many cases, insights as
to the workings of the CVvMthat may be as inportant for cur understanding
of the method as "new' experinmental results.

Finally, the Overview section of this report is designed to provide
the reader with nore than sinply a conprehensive summary of results from
all experinments in the Methods Devel opnent project. In addition to a
report of research acconplishnments, discussions will be given to
non- acconpl i shnent s. This is to say that the efforts to respond to a given
set of questions/issues concerning the CVM the authors have encountered
still nore issues and questions which were unrecogni zed or obscure at the
time that the project was initiated. Thus, for a report on experimental
heuristic research such as this study, an open discussion of unresolved
i ssues which remain as (often, frustrating) challenges to researchers
concerned with the CV will hopefully be of interest to the reader.
Therefore, the Overview section is lengthy. It is hoped that the readers
patience in this regard will be rewarded by a conprehensive grasp of the
| essons | earned by the authors as those |lessons related to an assessnent of
the CVM's potential for serving as 2 method for val uing environnmenta
i nprovenents.




A. 1 Purpose of the Study

As suggested above, the purpose of the Methods Devel opnent
project is that of devel oping and assessing the CVYM as a neans for
estimating benefits attributable to environnmental inprovenents. By
"devel opnent" reference is nade to heuristic inquiry as to nethods for
obtaining CV values, problens encountered in framing CV instruments, and
net hods for assessing and validating CV nmeasures as neani ngful neasures of
society's willingness to pay for environnental inprovenents. To these
ends, a group of experiments (described below in sub-section A 2) is
designed in efforts to address the followi ng, four sets of issues.

Validation |ssues. Three nethods which are relevant for efforts to
validate CV neasures are developed and applied in this study. The first
net hod i nvol ves conparisons of CV neasures for the value of an
environnental inprovenent (reduced ozone concentrations in the Los Angeles
California area) with those derived by the Hedonic Price (Property Value)
et hod

The second effort to validate CV nmeasures involves tests of heuristic
hypot heses based on i ndividual narket behavi or deduced fromreceived
econonmic theory as well as from observed behavior in auction settings.
Thus, in an auction setting, an individual's valuation for a conmodity (or
service) to be auctioned may, initially, be inprecisely defined in terns of
a maxinmum willingness to pay. A low, initial bid is offered for at |east
two reasons: rent (or consuner surplus) is naxinized by paying the |owest
possible price; secondly, an individual's initial preference search my
only define a range of values "appropriate" for the good in question; only
as the auction--bidding--proceeds does it becone necessary for the process
of preference research to focus sharply on a nmaximum willingness to pay.
This is not to deny the possibility that some individuals may initially
determine their maxi mumw | lingness to pay; however, this value is made
mani fest only through the bidding process. Thus, one narket-like test
draws on the anal ogy between the valuation process observed in the auction
setting and that relevant for valuing environnental commodities within the
context of a contingent market. At issue in the test are heuristic
hypot heses related to the question: is individual behavior in the CWM
consistent with behavior observed in auction settings?

It should be noted that the notion of consuner uncertainty as to
hi s/ her val uation of any given commodity may not be linmted to the auction
setting, nor is it new in the econonmics literature. In 1936 3
Geor gescu- Roegin introduced the concept of a "demand penunbra, " which he
more recently defines as }'...a stochastic distribution of the quantity
demanded at every price. "  Georgescu-Roegin argues that consumers are
i nperfect as decision (choice) nmaking instrunents--that choices are made
stochastically. The exi stence of thresholds in utility conparisons results
in a range of indetermnnateness vis-a-vis an individuals choice of the
quantity desired of a good, given the goods' price.” Thus, the argunents
gi ven above represent the "inverse" of Georgescu-Roegins' argunents
concerning the demand penunbra: there exists a range of indeterm nateness



vis-a-vis an individual's price (valuation) of a good, given the "quantity"
(extent of environmental change) of the good

Another market-related test of CV neasures draws fromthe theory of
consuner behavior. From received theory, individual valuations of goods
and services reflect a consideration of trade-offs inposed by a budget
constraint--additional purchases of any one comodity inplies, with fixed
i nconme- - | esser purchases of some other conmodity(s) (or reduced savings)
At issue in this market-related test then are hypotheses directed at the
question: In offering CV bids, are individual cognizant of reduced
expenditures on other, private, market goods inplied by the budget
constraint?

Athird, and final, narket-related test of CV neasures again draws on
received theory of consumer behavior. Gven an individuals' allocation of
incone across a fixed consunption set, axiomatic behavioral responses to a
change in the consunption set exist. Thus, given that consunption sets are
altered, there also exists a basis for designing testable hypotheses to
| ook for narket-consistent behavior of individuals (in offering contingent
values for an environmental good). In these regards, experiments are then
conduct ed where consunption sets are altered via the introduction of other
environnmental and public goods. The effects of such alterations on
contingent val ues provide data for hypothesis testing as to effects which
are consistent with market behavior.

The third nmethod used in this study in efforts related to the
validation issue involves analyses of preference effects on CV neasures
Thus, based on a priori reasoning one can deduce the expected rel ationship
between CV neasures and the characteristics of study participants
Characteristics of interest include household i ncone, whether or not
children are in the household, education, etc. Hypotheses relating bids to
characteristics are tested in efforts to assess the consistency of CV
values with preference-related characteristics which are deduce a priori.

Aggregation Issues. The second set of issues considered in this study
relate to aggregation. There are many kinds of aggregation which may be
rel evant for assessnents of the CVW in this regard, the follow ng, four
classes of aggregation warrant nention.

(1) Aggregation over "attributes." Follow ng Lancaster,6 any
good X can be described in terns of a vector of utility-satisfying
attributes Y,, X ¢ (¥,, . . ., Y ). Attributes of the comodity "a house"

. 1 pa T . .
may include:” bedroomsS, bathrooms, security, prestige, as well as
site-specific attributes such as air quality, neighborhood quality (crime
rates, etc.) and distance to shopping centers. A second exanple, which
will be of interest in this study, is the compdity: preservation of
visibility (via preserved air quality) in the Gand Canyon National Park
Attributes of this comodity and, therefore, values subsunmed in a
“preservation bid" (an individuals maxinum willingness to pay for preserved
visibility in the Park), may include: wuser values, option values
exi stence values and bequest val ues




(2) Aggregation over conmmodities. As sonething of an extension
of the "attributes" argument, for some purposes it is useful to think about
aggregation over commodities. Thus, the budget analyst may work with the
commodi ty "food" which has as its conponents the commodities bread, mlKk,
fruit, etc. The commodity "air quality in the US.," will include the
comodity "air quality (visibility) in National Parks" which, in turn,
includes the commodity "air quality (visibility) in the Gand Canyon
National Park" (which may include a commodity: visibility at Hopi Point in
the Grand Canyon National Park).

Before continuing to other types of aggregation, it is inportant for
the reader to fully appreciate the inplications of (1) and (2) for
assessments of the CVM  These aggregation issues pose an inportant, and
thus far unanswered, question relevant for efforts to derive and .interpret
CYM neasures of social values attributable to environmental inprovenents,
viz., for a public good such as an environmental inprovenent, what is an
"appropriate" comodity for use in CV studies? In other words, how do
peopl e think of environmental "goods"--in terms of subjective valuations,
can (do) individuals distinguish between (as exanples): visibility in the
G and Canyon National Park, visibility in all National Parks or national
air quality; reduced environmental risk (to health and safety) from
hazardous waste disposal, reduced environmental risk from_all possible
causes (e.g., air/water pollution) and reduced nortality/norbidity risks
per se (from as exanples, cancer, air travel, heart disease, etc.). These
questions related to the "mental accounts" notion, discussed below in
sub-section A 3, which suggests that individuals may make subjective
valuations for groups of commodities (entertainnent, food, etc.) rather
than for specific comodities (a movie, a loaf of bread, etc.).

The critical inportance of this set of aggregation issues for
assessnents of the CVW is made manifest by the followi ng. Suppose that a
CV neasure is obtained for the following three commodities: visibility in
the Grand Canyon National Park; inproved (or preserved) water quality in
all of the nation's lakes, rivers and streans; the total containnment of
hazardous (toxic) wastes; denote the corresponding willingness to pay
neasures obtained fromthe CVM as VG, V., and ¥V, respectively. If, e.g.,
V. is to be used as a nmeasure of sofial benefits attributable to a policy
to inprove air quality in the Park--in the sense that it is to be conpared
with all costs associated with the policy--it nust be the case that Vv, does
i ndeed measure individual valuations for this specific comodity; similar
argunents hold for Vi and V.. But this inplies that Ver Vi and vy can be
summed--if i =1, . 7 ., n genotes all possi bl e
kinds of environnental inprovenents, the sum of derived CV neasures for

n

t hese inprovenents, I Vi, woul d neasure the aggregative social value for

inproving "the environnent." In contrast, suppose that in offering a
contingent value for preserved visibility in the Gand Canyon National
Park, the individual thinks of this "comodity"” in terms of visibility in
all Parks, national air quality or environmental quality in the aggregate.

In this case, VG (or, for that matter, perhaps Vw and/ or VH as well)



n
will neasure I Vi’ the aggregate rather than the specific comodity.
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The question as to whether CV bids for a specific environnental

i mprovenent are disaggregative values or, in fact, are nmore likely values
associated with some broader, environnent (or "good cause")-related,
aggregative "account" raises an issue of particular concern given that (to
our know edge) no researcher would be willing to defend the sunmation of CV
val ues that have been obtained in various studies for many types of
environmental effects; indeed, the summation of average CV val ues for
public goods thus far available in the literature woul d exhaust the budget
of the average individual. The bottom line then becomes apparent: if one
cannot sum -aggregate--comuodity-specific CV values, how does one interpret
the value? Put another way, if one cannot aggregate over
comuodi ty-specific CV values, one nust then determine that "commodity" for
whi ch the obtained value is relevant --one nust deternmine that minimm |evel
of aggregation at which individuals can meaningfully differentiate (in
valuation terns) between comuodities.

G ven the obvious need for insights as to the commodity-aggregation
i ssue denmonstrated above, this issue will be given a great deal of
attention in this study. Methods used to study this issue are detailed in
subsection C. Attention is now returned to a consideration of still other
types of aggregation.

(3) Aggregation over geography. In nmpost cases, the EPA's
ultimate interest is in neasures of national benefits attributable to
environmental standards which are nation-wide in scope; exanples include
anbient air quality standards and national regulations pertaining to
hazardous waste disposal. Benefit estimates for inproved water quality in
(e.g.) the Rio Puerco in New Mexico are of little relevance in this regard
unl ess one assunes that household benefits for all other |akes, rivers and
streams are in sone sense identical to those obtained for the Rio
Puerco--an assunption that is hardly palatable. Mreover, one would
i deal |y want val uations of inproved water quality in the Rio Puerco from
all residents in the U S as well as the Rio Puerco area residents'
valuation of inproved water quality in all other areas. Thus, unless one
wi shes to apply the CVW in every community in the US., one's interest is
focused on neans for generalizing CV neasures obtained in one or nore
geographic areas to the U S as a whole. The issue of interest then is the
extent to which site-specific variables are significant in explaining
individual's formulations of contingent values for given environmental
commodities. This issue is examned as a part of this study.

(4) Aggregation over individuals. Related to (3) above,
national benefit estimates for environnental inprovenents requires the
aggregation--summation--of individual values for the environnmental
i nprovenents, If one accepts, as is conmon, the appropriately sumred,
maxi mum wi | lingness to pay of individuals as a neasure of social benefits,
one follows established econonetric procedures for obtaining significant
determ nants of CV bids (the nost inmportant of which is, generally,



household incone), the results of which are used for the process of
aggregation, ceteris paribus.

The inportance of aggregation over individuals lies not in methods for
such aggregation, but in the interpretation of average bids which result
from aggregation, however acconplished. In virtually all studies based on
the CVM average values for the CV commodity in question have associated
with them variances which are typically quite large. The variance in CV
measures is mpst often as large, or larger, than the nmean itself--it is not
unusual to find variances in nmean CV values that are 200 percent to 300
percent of the mean. Sone scholars are troubled by experinental results
which prgduce large variances such as those that typify results from CV
studies. The rationale for this concern with large variances is puzzling
to the authors of this report for the sinple reason that, in aggregating
over individuals, one would expect large variances except in cases where
one has reason to believe that individuals will have identical (or sinmlar)

preferences/tastes for the conmmdity in question. [If, for any comuodity,
individuals have different tastes vis-a-vis the comodity, these
differences will be reflected in large variations around a mean value. |f

one were studying the consumption of green beans, one would surely expect
consi derable variance reflecting differing tastes for the comodity; the
same logic, and therefore expectations, would seem to apply to individual
valuations reflecting tastes for environnental conmodities.

Perceptions of CV Commodities. The third set of issues which are
examined in this study concern the manner in which individuals perceive the
CV comodity. The commodities used in CV studies are not tangible
commodi ties, rather, the CV "commmodity" is actually a description of a
posited change in the study participants environment. Therefore, it
becomes nost inportant that individuals have the sane perception of the
commodity which is offered in the contingent market--all study participants
must "see"--bid for--the same conmodity.

The perception issue is considered in this study within the context of
two classes of environmental commodities. The first class consists of an
environmental commodity which is strongly associated with risk and
uncertainty, viz, and EPA regulation on the disposal of hazardous wastes.
If hazardous wastes are not contained--i.e., they are allowed to enter the
environment --a potential risk/threat to public health and safety exists.
There is considerable uncertainty as to the nature of the risk, however.
Indeed, in considering, e.g., any hazardous waste containment policy
i mposed by the EPA, risk/uncertainty, expressed interns of probabilities,
enter the problemin at least three related ways: the probability of
contai nment; the probability that health or other environnental danmages
wi ||l occur given non-containnment; and, perhaps subsumed in tli\s above, the
probability that a given containment is, in fact, effective.

More is involved here, however. ldeally, the relevant environnental
i nprovenent --our CV commodity--would be the change in environnental risk
associated with an EPA policy. Gven the present state of know edge, one
can define neither risks associated with current waste disposal policies
nor, obviously then, changes in risk associated with an EPA policy. In the
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latter regard, a possible exception would be a "total containment" policy
which, ceteris paribus, would elimnate (subject to the third probability
cited above) all existing risks, whatever those risks mght be. Since one
cannot define those environmental risks, changes in risk cannot serve as
the commodity in a CV study.

One way around this problemmght be to use the EPA policy
itself--couched in terns of a hedge against uncertain risks--as the CV
comodity; experiments with this approach are conducted in this study.

This approach cannot be totally satisfactory for an obvious reason

however. Gven individual bids for a total containment policy, for

exanple, and ignoring for the noment the "effectiveness" problem such bids
will measure the desired valuation for a hedge against risk as well as
(undesirabl e) individual perceptions of the risk |evel against which the
policy "hedge" is to operate. If the CV commodity is a hedge, the relevant
question becones: a hedge against what? Wth "what"--current risk

| evel s--unspecified, bids nust vary according to individual perceptions of
"what" the hedge is to affect.

Acknow edging this weakness in using the EPA policy as a CV
commodi ty--di scussi ons of conceptual issues related to this problemare
ext ended bel ow i n subsection A 4--the "policy bid" approach serves as a
basis for a nunber of what the authors regard as interesting experinents in
terns of providing insights to guide future research. O particular
interest in these experiments is the nmanner in which the policy comodity
is perceived by study participants. Two sets of experinments are conducted
inthis regard. The first set will involve efforts to test hypotheses
which relate CV bids to changes in the probability of containnent as wel
as to changes in the probability of damages in the non-contai nnent case
The second set of experinments will involve the structuring of individua
"bid curves" which are then conpared with the structure of bid curves drawn
fromaxi omatic propositions (see Appendi x A for discussions of these
theoretical propositions).

The second class of conmodities which are exanmined in terns of
i ndi vi dual perceptions consist of environnental inprovenents for which risk
and uncertainty are not major characteristics, viz., preserved visibility
in the Gand Canyon Rational Park, and air quality inprovenents (reduced
ozone levels) in the Los Angeles area. For this class of commodities, the
"bid curve" analysis referred to above is used in efforts to speak to the
perception issue.

We nmust acknow edge that this second class of goods is not necessarily
free of uncertainties or risk considerations. 1In the case of the nationzl
parks visibility experinents, Desvousges and Smith =~ argue that the
relevant CV commodity is not a particular level of visibility, but a
probability of encountering a given level of visibility such tine as an
individual visits an area. Thus, bids for a "certain" change in visibility
may be, in fact, a bid for an individuals perception of a change in the
probability of access to a particular environnental condition (visibility
level); in such cases, one encounters the problem of distinguishing between



val uations and perceived probabilities reflected in contingent values
noted above in the hazardous waste problem

Whi | e Desvousges and Smith's (D-S) "access" argunment has pedagogica
appeal, one nmust wonder if it does not inpute to individuals a mental
valuation process that is extraordinarily unwieldly. Wen asked to choose
between two average levels of visibility, would, in fact, an individua
translate this choice into the probability of encountering one or the other
visibility level on his/her future visits, or would he/she accept that one
or the other levels would be encountered with certainty? The authors are
unaware of data that would establish either position. |f on nothing nore
than eclectic grounds, however, the authors find the latter position
intuitively appealing and adopt its use in this study. To the extent that
individuals do indeed base their offered, contingent values on the
nunerative, "access" model of DS, the CV values will be subject to the
weaknesses ascribed to them by DS

There is still another potential source for risk and uncertainty to
enter valuations for our second class of comodities. Related somewhat to
the attribute-aggregation issue described above, as well as to the mental
accounts notion discussed below in subsection A 3, we do not understand
preci sely how individual s perceive questions related to specific kinds of
(or effects from environmental quality inprovenents. It may be the case
for example, that individuals, when asked to value preserved visibility,
think of air quality as a gestalt which includes many effects: visibility,
as well as nortality and norbidity. Simlarly, the ozone experinent
descri bed bel ow, stated effects are related to norbidity, but nortality and
visibility effects may be reflected in the bid. Thus, perceptions of
effects and relevant probabilities of effects, that individuals may attach
to posited environmental changes may underlie contingent values.

QO her Experinmental 1ssues. The final set of issues addressed in this
study include the following. First, experiments are designed to determne
the effects of cost information on contingent values. Related to the
commodi ty-aggregation issue, an individuals offered bid for an
environmental inprovenent is, theoretically, made within a context which
i ncl udes consideration of current outlays for environmental goods. In
other words, the contingent valuation nmust be an expenditure for a nargina
change in the existing environmental state. The extent to which CV
measures are appropriately "marginal" in this sense is the topic of this
set of experinents.

A final issue considered relates to solicitation nodes for acquiring
CV neasures. In this regard, CV results from mail, door-to-door, and
pre-arranged interview nodes are conmpared. Mdtivation for this set of
experinents is provided by the markedly different costs of adm nistering
the CV study by these nobdes: nmail is nuch cheaper than door-to-door which,
in turn, is much cheaper than the pre-arranged interview node

In sunmary, the purpose of this study is to examne four, broad sets
of issues which the authors regard as being particularly inportant for
efforts to devel op and assess the CVM as a nmeans for val uing environmenta
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changes. The vehicle for these examinations is a set of experiments which
is described in the follow ng subsection. The discussion of experinent
designs in subsection A 2 is followed (subsection A 3) by a discussion of
the relationshi ps between these experinments and those reported in other
works.  Conceptual and sanpling issues which are relevant for the study's
experiments are discussed in subsection 8.4, after which (subsection A 5)
the plan of the study (and the balance of Chapter |) is described

A 2 Design of Study Experinents

In this sub-section, attention is focused on the design of
experinments used in this study as a neans for acconplishing the study
purposes described above in A 1. W begin by setting out criteria used in
selecting CV commodities to be used in the study; after which the specific
experiments are described. To avoid unnecessary clutter in this Overview
section, only the essential elements of each experinments' design is
described here; greater detail is given in later sections of the report.
This sub-section concludes with a summary wherein each experinments'
contributions to study purposes are reviewed.

Choosing the CV Commmdities. The authors' choice of CV conmodities
reflects, a one might expect, the major ends (purposes) sought in the
study. The greatest challenge in terns of commpdity sel ections was posed
by Purposes 2 and 3: Aggregation |ssues and Perceptions of CV commodities
For these purposes, it was necessary to have a mx of conmodities
consisting of: differing levels of aggregation over attributes and
commodi ties; differing mxes of risk and uncertainty; differing standards
by whi ch individual perceptions of the CV coomodity m ght be assessed.

For obvious reasons, it would be nost difficult to design a single
commodity which would allow for conprehensive anal yses of all issues
included in the study purposes, thus the need for a mix of commdities
Consi deration of these purposes lead to the selection of the follow ng
comodities to be used in the study.

The first comodity is: preservation of visibility in the Gand
Canyon National Park. Bids for this commodity can be argued a priori as an
aggregation of values associated with four, specific commodity attributes
option, user, existence, and bequest values. Further, this commdity is
readily anenable to extensions to higher levels of aggregation; other
regi onal National Parks--all National Parks--national air quality |evels.

The second conmmodity is: Inprovenments in National Water Quality.
Choice of this commodity reflects three considerations. First, it serves
as an exanple of a commdity which represents three | evels of aggregation
aggregation over attributes (swinmmng, fishing, boating, etc.) commodities
(site specific |akes, rivers and streans), and geography. Secondly, it is
anenable to still further aggregation; national wat 5 and air quality.
Thirdly, its use as a conmmodity in an earlier study ™ provides useful data
for conparative and validation analysis.
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The third commodity is: an EPA-inposed "total containnent" policy
(regulation) for (on) ﬁzardous waste disposal. This comodity is included
for two mmjor reasons. First, it is representative of a broad range of
potential environnental changes which involve indirect and uncertain
environmental risks; other exanples include policies which affect air
quality-related nortality, nuclear power plant siting, nuclear waste
managenent and €0, accumulations in the upper atnosphere. Secondly, it
represents a commodity which is anenable to aggregation with other
comodities and over geography.

The fourth and final commodity used in the study is: reduced ozone
levels in the Los Angeles area. This conmodity was chosen based on the
following considerations. First, air quality in general is a reasonably
wel | understood "commodity" in the Los Angeles area--residents are well
aware of differences in air quality in different parts of the Los Angeles
area. FEffects of one component of "air quality"--ozone |evels--can be
differentiated and defined with a considerable degree of clarity. Further,
reasonably good historical data exists for ozone levels in this area.
Secondly, use of this commodity provides an exceptional opportunity for
testing the consistency of contingent values with relevant, individual
behavi or as such behavior relates to the "perception" issue. If
individuals do, in fact, perceive the effects of ozone levels as they are
described in the CV study, nmeasures for an individuals' elasticity of
substitution of income for reduced ozone levels should be consistent with
i ndividual choices of residence: one would expect a concentration of
individuals with snall (large) elasticities in areas with high (low ozone
concentrations. Finally, the authors' earlier property value studies in
the Los Angeles area provided a relatively inexpensive data base which
could be used for one aspect of the studys' validation purposes; viz., the
derivation of hedoic (property value) prices for reduced ozone
concentrations which can be compared with values drawn from the C/M

Wth the above described choices for CV commodities, attention can now
be turned to an overview of the studys' experiments. For each experinent,
a sketch will be given for the following for characteristics of the
experiment design; the experinents are described in greater detail in
section Il - V of the report.

(a) Description of the commodity: how the commodity is described to
study participants.

(b) Paynment Vehicle: the nmethod by which contingent payments are to
be "paid" in the experinent.

(c) Method for obtaining initial bids.

(d) Values obtained: "willingness to pay" questions asked and val ues
obtained in the experinents. Wthin each major experinment, sub-experiments
make use of differing combinations of these questions. Al average values
are incone-adjusted.

(e) Location of the CV study(s).
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The National Parks Visibility Experinment (Visibility Experinent).

(a) Describing the commodity: study participants were shown a rather
el aborate set of photographs depicting differing visibility levels (levels
A, B, Cand D) at selected vantage points in the Gand Canyon National Park
(GCNP; see Figure 2.1 in section Il). Referring to the photographs,
individuals are asked willingness to pay questions for preserving current
visibility conditions (Level Cin the photographs) rather than allow them
to deteriorate to the next worst level, Level B in the photograph.

(b) Payment Vehicle: higher electric utility bills. This vehicle
was chosen given participants general famliarity with (i) the fact that
their major source for electricity is power plants in the Four Corners
area, in close proxinmity to the GCNP; (ii) the publicized fact that
pol l ution abatenent equipnent for power plants adds to electric bills.

(c) Method for obtaining initial bids: Payment Card.
(d) Val ues obtai ned:

SB: initial, "starting" bid from Paynent Card for preserving air
quality in the GCNP.

MB: "maxi mun bid obtained via a bidding process ("would you pay
$1.00 nore, etc.")

SBY: starting bid for the commodity when individuals are asked,
prior to the bid, to indicate their nonthly take-honme incone, its
al location over expenditure categories, and which expenditure
category will be reduced in order to facilitate payment of the
bid. The letter Y indicates bids obtained within the context of
this budget information.

MBY: the "maxi mum bid" obtained within the context of the
i ndividual s budget, as above.

AMB: an "adjusted" maxinmum bid (MB). The individual is asked if
he/ she wishes to change--adjust --the MB value given that he/she
m ght wish to pay sonme amount for a different environnental
change: air quality inmprovenents in the Denver area (the

| ocation for the experinment).

SBY); MBEY): "starting" and "meximund' bids (SB, MB) (with and
wi t hout use of the budget context, Y) for preserved air quality
in the GCNP (identified by G when the participant is asked to

si mul taneously give his/her maximum willingness to pay for
preserved air quality in five other National Parks in the Rocky
Mountain region (Zion, Bryce, Mesa Verde, G en Canyon and

Canyonl ands National Parks); i.e., the study participant offers a
contingent value for preserved visibility in the GCNP (SBHY),
MBE Y) values) and a separate contingent value for preserved
visibility in the other five National Parks.
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SBR(Y); MBR(Y): From the above, starting and maximum bids (with
and w thout use of budget context) for preserved visibility in
the five, regional (denoted R) National Parks.

AMBE YY), AMBR(Y): Maxinmum bids (MB, with and without use of
budget context, Y) for preserved visibility in the GONP (G and
in the five Regional (R parks which are "adjusted" (denoted A)
by the individuals' consideration that he/she might wish to pay
sone anount to preserve visibility in all other National Parks in
the U S

SB-C (W, OV, EV, BY): SB-Cis the starting bids for preserving
visibility in the GCNP--obtained in the "conponent" experinent
(CQ; this value is identical to the SB; referred to above in
other experinents. Individuals are asked to indicate that part
of this SB-C value that is seen by himher as appropriate for a
user value (W), option value (OV), existence value (EV) and
bequest value (BV).

(e) Location of experinments: Denver, Colorado.

The National Water Quality Experinent.

(a) Description of the commodity: after a brief discussion of water
quality problens in the US., the individual is shown a "Water Quality
Ladder" (Figure 3.1 in section Ill), which shows five alternative levels of
water quality. Water quality ranges from a best level, which may serve
drinking water, swinmng, game fish habitat and boating purposes, to a
worst |evel which can serve none of these purposes. WIIlingness to pay
questions relate to an inprovement in national water quality from current
| evel s (Level C, which serves boating and game fish habitat purposes only)
to the next highest level (Level B, which serves boating, gane fish habitat
and swi mm ng purposes).

(b) Payment Vehicle: higher taxes and/or higher prices for goods and
servi ces.

(c) Method for obtaining initial bids: Payment Card.
(d) Val ues obtai ned:
SB: initial, "starting" bid from paynent card.

MB:  "maxinmum' bid, which results from the bidding process.
SBY: starting bid obtained with the budget context described
above.

SBY-W SBY-A  individuals are shown an "Air Quality Ladder"
(Figure 3.3 in section IIl) identical informto the
above-described "Water Quality Ladder," along with the Water
Quality Ladder. Starting bids, using the budget context (SBY),
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are sinultaneously obtained for a Level C to B inprovenment in
national water quality (as above, denoted SBY-W and a Level Cto
B inmprovenent in national air quality (SBY-A).

SB(Y)-WA: A single starting bid (with (SBY) and without (SB) use

of the budget context) is obtained for the conbined (aggregated)
comodity: Level Cto B inprovenents in national water and air

quality.

(e) Location of experinent: Denver, Colorado.

The Hazardous WAste Experinment (Policy Bid Experinent).

(a) Description of the commdity: Following a discussion of problens
associated with the disposal of hazardous wastes, the nature of
uncertainties surrounding risks associated wi th hazardous waste disposal is
explained to the study participant. The following "horns of the dilemm"
is stressed. W can inpose nore stringent regulations today, and accept
the associated costs, and later find that: (i) the action was justified,
real risks associated with hazardous waste di sposal warranted the costs, or
(ii) the action was not justified, the severity of the problem did not
warrant the costs paid. Alternatively, we can not regulate "today," and
later find that: (i) the action (no regulation) was justified, real risks
were not serious enough to have warranted the costs, or (ii) the action was
not justified--we should have regul ated--the |ack of regulation has
exacerbated risks. Thus, regulation "today" in the face of existing
uncertainties takes the form of a "hedge" against potential health threats.
The willingness to pay questions relate to the inposition of a "total
containment" policy (regulation) by the EPA

(b) Paynent Vehicle: higher taxes and/or higher prices for goods and
servi ces.

(c) Method for obtaining initial bids: Paynent Card.
(d) Values obtained:

SB(Y): starting bid for a totally (100% effective containnent
policy, with (Y) and without use of the budget context.

MB(Y): "maximunm bid for a totally effective containment policy
derived via the bidding process, with (Y) and w thout use of the
budget context.

FB: the maximumbid (M) _for a containment policy that is but
50% effective in containing hazardous wastes (as inmposed to 100%
effective for all other values).

SB., SB_.: SBLis identical to SB; starting bids are obtained
for thei%otally ef fective containment policy where, as a part of
the discussion of hazardous waste problens (part a above),
potential threats to the environment are described, but exanples
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of actual occurrences of cases where hazardous wastes have eaten
the environnent (and resulting effects) are not given to the
study participant. In a sub-experinment, a group of participants
are given exanples of such cases; SBII denotes this groups'
starting bid.

AMB: the "adjusted" maxinmum bid. After obtaining M,
individuals are allowed to adjust--change--their own bid in Iight
of the fact that there are other sources of environmental risk (5
are discussed), nore stringent regulations for which would
require that they "pay" nore in the form of higher taxes and/or
hi gher prices for goods and services.

AMB-1: the adjusted maxinum bid as above; in discussing other
"goods,” however, discussions focus on the 5 environnental goods
(as for AMB) _and 2, non-environnental public goods: inproved
nati onal defense and inproved highway safety.

SB-A:  for one mmjor sub-experiment, the discussion of other
envi ronment goods, Wwhich in other experiments follows the
elicitation of MB, takes place prior to the elicitation of the
starting bid--the "other goods" discussion precedes willingness
to pay questions rather than occurring at the end of the

val uati on sequence whereby one obtains SB, the MB, then AMB.
Starting bids obtained within the context of discussing other
goods is denoted SB-A. One should note that all SB-A values are
obtained with the use of the budget context.

SB-AC.  for this sub-set of the study participants from which
SB-A values are elicited, prior to obtaining the SB-A valuation,
individuals are told the average amount that households in their
incone class now pay, in taxes and higher prices for goods and
services, for the existing state of EPA regulations (air, water
quality standards, as well as existing regulations on hazardous
wast e disposal).

(e) Location of experinments: Al buquerque, New Mexico; Houston, Texas
and New Haven, Connecticut.

The Ozone Experinment - CVM

(a) Description of the comodity: the potential sub-clinical health
effects of various |evels of ozone concentrations are discussed wth study
participants --individuals are remnded of a "nenorable day" when Los
Angel es residents experienced a peculiarity in ozone |evels: just before
and during the 1982 Labor Day Wekend (which received wi despread news
average given its coincidence with the U S. Festival, a mjor outdoor
concert). Participants are then shown a graph (Figure 4.1 in section |V)
depicting actual, daily ozone concentrations in their area during selected
weeks in August and Septenber, 1982. Four concentration |evels (Good,
Fair, Poor, Very Poor) are identified on a "ladder" along with possible
morbidity and "disconfort" effects associated with each concentration
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level. WIllingness to pay questions relate to reducing ozone
concentrations, on a day at which "peak" ozone concentrations mght (have)
occurred in the individuals' comunity, from Poor (or Very Poor, depending
on the individuals neighborhood) to Fair (or to Good).

(b) Payment Vehicle: higher prices (with enphasis on higher
operating costs for vehicles due to pollution abatenent equipnent).

(c) Method for obtaining initial bids: Paynent Card.

(d) Val ues obtai ned:
SB-(+)(+): Denoting ozone concentration levels as A (Good), B
(Fair), C (Poor) and D (Very Poor). Starting bids are obtained
for various changes in ozone concentrations, e.g., fromD to B or
fromD to A which are then denoted SB-DB and SB- DA,
respectively.

ACT:  An index of level of participation in outdoor activities.

TENR length of time (tenure) that the individual has lived at
present residence.

TEN LA length of tine (tenure) that the individual has lived in
the Los Angel es area.

(e) Location of experiment: two communities in each of the San
Gabriel Valley, San Fernando Valley, and Coastal Orange County
areas of the Los Angel es Basin.

The Ozone Experinment-Hedonic Property Value Study

Along with the contingent valuation experinent, a hedonic property
val ue study was conducted. The principle objective was to attenpt to
isolate the effect of ozone on property values as opposed to a general
effect of air pollution which has been obtained in several previous
studies. Thus, the objective was to regress hone sale price against honme
attributes (e.g., square feet, bathroons, fireplaces, and sw nmng pools),
community attributes (e.g., school quality, crime and distance to work and
beach) and air pollution variables (TSP or extinction coefficient and
ozone) to determine the inpact of each attribute with special enphasis on
ozone. This would conceptually allow a conparison of the value of reduced
ozone concentrations as capitalized in home sale price with survey bids
obtained fromthe CYM nethod. The location of the study incorporated hone
sales in the entire Los Angel es Basin.

For reasons outlined earlier, each of the four nmjor experinents
sket ched above are used in efforts to analyze various sets of the issues
which relate to the intended purposes of the Mthods Devel opment project.
By way of a summary of this sub-section, Table 1.1 sets out the intended
contribution of each major experiment to each of the sets of issues that
form the study purposes.
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TABLE 1.1

OVERVI EW OF THE CONTRI BUTI ON OF STUDY EXPERI MENTS TO STUDY PURPOSES

Per cepti ons

Val i dation Aggregati on of CV O her Experi nment al
Experi nent | ssues | ssues Comodi ties | ssues
The National Parks Visibility
Experi nment X X X
National Water Quality Experiment X X
The Hazardous Waste Experinment X X X X
Ozone Experi nent X X X




A 3 Relationship to Qher Studies

The Methods Devel opnent project draws, in one way or another, on
a nunmber of earlier works that relate to assessnments of the CVM No
attenpt is nade here to review all of these earlier works. Three of these
are of particular inportance for the present study and warrant mention,
however .

The,first work that should be nentioned is that by Kahnenan and

Tver sky. In that work it is suggested that, in making assessments of
valuations, individuals' think of goods and services in terms of "groups"
or accounts" of goods and/or services; i.e., individual "nmental accounts"”

are relevant entities in valuation decisions. As an exanple, rather than
al l ocating $100.00 to a novie and $20.00 to a night of bar-hopping, the
i ndi vidual would allocate $30.00 to an "entertai nment account.

Ot her than noting that observations of individual behavior suggest
deci si on-maki ng processes within a nental account franework, Kahneman and
Tversky do not pursue this notion further. Unanswered are a nunber of
critical questions if the nental accounts notion is to be tested
empirically to the end of devel opi ng meani ngful axions concerning
i ndividual behavior. As exanples of these questions: what determnes the
conposition of any one account-- are accounts hedonic in nature (pleasure
pain, safety, etc.), or perhaps, functional (housing, transportation, food
etc.)? Is the structure of accounts nore or |ess the same for al
i ndividuals? Are "account" lines nore or less rigid--i.e., with but $10.00
in the entertai nnent account, and faced with the desirable opportunity to
attend a concert costing $20.00, may not the individual reallocate incone
across account lines and, if so, what is the neaning of an account?

G ven that the mental accounts notion is just that--a notion, an
intuitive argunment--at this point in time, it could be tenpting to dismss
the notion as a curiosity. There are, however, a number of perplexing
probl ens encountered in efforts to assess results fromthe CVM which coul d
be explained by the mental accounts notion. Mreover, the inplications of
the nmental accounts notion for the CVM should the "notion" turn out to be
substantive, are of such a large order of magnitude that one should be
hesitant in dismssing it out of hand. These two arguments are briefly
devel oped in the follow ng.

In terms of earlier CV studies, one of the nost serious problens with
the CVYM which begs for resolution concerns the additivity of CV neasures.
Thus, let ¥,, . . .. .V be CV neasures froma n-different CV studies
focusing on n-different commodities (clean air, |ower ozone |levels, cleaner
water, preserved wilderness areas, hazardous waste managenent, preserved
visibility in the Gand Canyon National Park, enhanced emergency cardiac
treatnent facilities, etc.). If, as is usual, the V ,'s are attributed to
all househol ds (segregated or adjusted, perhaps, by Such things as
househol d i ncome, househol d size, etc.), one acts as if the

n
"representative" household might be willing to pay Z Vi for these
i=1
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n-public goods. Sonething akin to this additive process is inplied when
the EPA uses the value vV, as a neasure for social benefits attributable to
sonme policy j (and anothdr division of EPA use v, for eval uating policy k).
Virtually no investigator woul d argue that one één add the v.'s,
however - -indeed in some cases the sumof the V,'s coul d equal or exceed
househol d i ncone. +

While the fact that the vV, 's are not additive may be attributed to a
nunber of possible causes (e.g?, the V,'s may be additive if the individua
pl aces a val ue on each the commodity jf j=1, . . ., n, when faced with
all options), a lingering suspicion exists that study participants in the
CYM nmay be "willing to pay" for virtually any "good cause"--a "good cause"
account? Thus, despite the fact that v, is "offered" for cleaner air, one
must be hesitant in using V, as a measure of social value inasmuch as the

i ndividual mght offer the €hlue VA for any other public good

One nust be aware of the danger of masking instrunment design and other
theoretical issues with the "mental accounts" rubric in addressing the
"good cause" problem  The problem nay be nore usefully addressed via
concentration on: extensions of separable utility theory, instrunment
desi gn wherein w der ranges of options are presented, etc. Efforts to at
| east partially address sone of these issues are made in the present study.
Thus, one sees in the above discussions of Aggregation |ssues (sub-section
A 1) the relationships between this studys' objectives and the works of
Kahneman and Tver sky.

A second, major set of earlier works of particular relfgance for the
present study are those by Slovic et al. (1977) and others. Stovic et
al.'s focus on perceptions of risk relate to this study's the Hazardous
Wast e Experinent which involves reductions in uncertain risks associated
with the disposal of hazardous wastes. A finding by Slovic et al. which is
especially relevant for, and is used in, this Experinent concerns the role
of information in the fornming of risk perceptions: frequency of news
coverage (information) of a risky event is seenmingly associated with higher
risk preceptions of the event.

Still another finding by Slovic et al., supported by results reported
by other authors, is relevant for the perceived risk issue. In this
regard, a particularly inmportant finding is that individuals, when faced
with low probability, high consequence alternatives, tend to ignore
probabilities (perceived f%sk is 1.0?) and base decisions solely on the
magni t ude of consequence. Thus, to the extent that health threats from
hazardous waste di sposal are viewed as |ow risk-high consequence events,
contingent val ues for hazardous waste contai nment may be insensitive to
posited changes in containment probabilities--a phenonmenon that woul d
contrast sharply with axions drawn from expected utility theory where from
conti ngent V31Y9s are shown to increase with increases in containment
probabilities. The Hazardous Waste Experiment will attenpt to address
some dinensions of this issue

The third set of earlier workslgf i nportance to the present study is
the work reported in Schul ze et al. This work, which focuses directly on
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the CVWW provides a survey of research results relating to traditiona

bi ases commonly attributed to CV nmeasures: strategic bias, starting point
bias, information bias and paynment vehicle bias. Referring to this set of
bi ases, Ege authors conclude that "Biases do not appear to be an overriding
probl em Strategic bias was not found in any of the reviewed studies.
Vehicl e and starting point biases were found in but one of the six reviewed
studies. The authors suggest that these "traditional" biases may generally
be avoided with the establishnent 86 precise contingent markets and wel
defined environmental commdities.

VWi le the study by Schulze et al. cannot be viewed as having
irrevocably dismissed as irrelevant the above set of biases, the evidence
presented therein is viewed by the authors of the present study as
sufficiently conpelling to warrant this study's shift in focus away from
concern with "traditional" biases. Thus, this study noves beyond concern
with such things as strategic bias in its focus on validation, aggregation
and perception issues.

A. 4 Conceptual and Sanpling |ssues

Sonewhat related to the above, there are a nunber of nore
theoretical and sanpling issues which deserved nention prior to our
di scussion of experinental results derived in the presenﬁlstudy. The first
of these concerns the "state dependent" utility function (SDUF). Basic
to the SDUF argunent is that, especially in cases where uncertainty is
i nvol ved, the individuals' utility function and, therefore, his/her
valuation of any (e.g., environmental state) will depend upon the state at
which an individual finds himherself; as a crude but stark exanple, an
i ndi viduals' valuation of a Cancer dinic when he/she is in good health
will differ fromthat obtained if he/she had cancer. The notion that
preference structures may change as states of the world change surely has
appeal on intuitive grounds. The inplications of the SDUF argunment for CVM
are not clear, however. One can read into the SDUF argunent the (obvious
it would seem) conclusion that ex ante valuations of an environnmenta
i mprovenent nmy be biased vis-a-vis an ex post valuation. But this would
seemto be sinply a nore elegant, in terms of sinplicity, restatenent of
the ongoi ng--and unresol ved--i ssue concerning tEQ optimality of conpetitive
equilibriunlundig uncertainty sgf out by Radner and expanded by, as

exanples, Starr and Svensson. In the few cases anenable to analysis,
optimal, ex ante equilibriumthat is also an optinmal, ex post equilibrium
is shown to obtain under only the npbst restrictive assunptions; e.g., in

the case of a "spot narket" economies, such equilibrium requires

unani nous agreenent anong consuners as to the spot market vector (which is
in fact rea}'zed) that will occur with certainty in any state of the
environment ~ (i.e., under conditions of perfect certainty). Under
conditions of uncertainty, an optimal, conpetitive equilibrium (and
therefore, equilibriummarket prices) is different than that equilibrium
(and its associated prices) which is optimal ex post. This axiomatic
potential bias in using any current (supposedly equilibriumand optimal)
value (CV or market) as a neasure of values relevant for different states
(ex post) is well known; neans for equilibrating these val ues are not
under st ood. If the intended contribution of the SDUF argument goes beyond
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this observation, that contribution is sinmply not understood by the authors
of this report

A second conceptual issue of relevance for this study concerns, once

again, the notion of individual perceptions. It was argued above that
particularly in the case of the Hazardous Waste Experinent, individual
perceptions of risk (and/or, nore generally, uncertainty) wll underlie CV

values; thus, variations in CV values reflect differing risk perceptions as
well as differing preference-related values. As stated above, no attenpt
is made in this study to nmeasure individual perceptions of risk. Wile the
potential inportance of such neasures is recognized by the authors, the
focus of this study is on heuristic inquiry designed to provide the

insights and data requisite for the formulation of informed questions and
hypotheses that will be inportant in later efforts to neasure and explain
risk perceptions that are relevant for applications of the CVM

Not wi t hstanding the fact that perceptions per se are not directly
measured in this study, the authors of this study have considered the
implications of risk perceptions at sone length, Fron these
consi derations, two observations may be of passing interest. First, one
nmust not be sanguine in te § of expectations fromresearch focused on risk
perceptions. Earlier works point to the rapidity of changes in risk
perceptions and the confounding ways in which they nay be affected by
myriad variables. Sonewhat related to the SDUF argumggt sketched above,
risk perceptions may be particularly state dependent,“” thereby introducing
compl ex problens as to the relevance of ex post vs. ex ante val uations
All of this is to suggest the critical inportance of efforts to neasure
risk perceptions with careful thought as to the proposed end use of such
perceptions once neasured

Inextricably related to this "use" question is the follow ng issue
which warrants early concern by social science researchers at the EPA
Suppose that risk perceptions associated with, as exanples, air quality or
hazardous waste disposal, are obtained; they are "good" neasures. |n nost,
if not all, cases, "actual" risks are not known (hazardous waste disposal)
or existing, "scientific" estimates for risk will be shrouded wth
uncertainty and ggntroversy (health effects from air pollution, nuclear
wast e di sposal). “Actual” risk estimates will virtually always be orders
of magnitude smaller than perceptions of these risks, and the social
scientist nust anticipate the frustrated physical scientists' question:
VWat is the neaning, and relevance, of perceived risks if such perceptions
are "wong"? In responding to this question, appeal to a basis for
"education" vis-a-vis the relevance of risk perceptions must be cautious:
to "educate," one nust have the "trut§O" and, in nany case, "truths"
regarding these risks wll not exist. Nor can the social scientist |ook
for solice in providing alternative benefit estimates based on actual and
perceived risk estimates to "bound" social values given the extraordinarily
| arge range which can be anticipated to result. Thus, risk perceptions
exist, they surely affect CV neasures, and are a source for legitimte
interest and concern for the social scientist. Their use in analyses of
soci al benefits assessments, may be fraught with problenms that the wary
scientist nust anticipate and deal with early on.
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A third issue of particular inportance for the CVM concerns the
"compdity" which is to be valued in the CVW's contingent market. As noted
above, it seens apparent on intuitive grounds that this comodity be
wel | -defined--that it be described to study participants with a higher
degree of specificity. A problem which has defied resolution by the
authors is that of defining criteria for specificity: what are the
measurabl e characteristics, or nanifestations of a "specific" conmmodity, or
what sorts of CV bid characteristics are indicative of a specific
commodity? In the quest for specificity criteria, oge m ght begin (as did
the authors) with Lancasters' "attributes" argument, ~ where a comodity Y

is described by the vector of attributes (Y,,. . ., Y_) and describe
" H H H n d . It .
specificity" by, for exanple, the percent &f attributés given to an
individual. Two, interrelated and perplexing issues arise, however.

First, attributes may be unknown or, nore seriously, may involve

judgments --one chooses to include Y, as an attribute--which then renoves
objectivity formthe choice of n (ahd, therefore, any percentage neasure).
As exanples, are (and to what extent) reductions in nortality rates an
attribute of reduced ozone levels; is "nore federal regulations" l|ogically
included as an attribute to the hazardous waste conmpdity; are types of
damages potentially caused by, for exanple, hazardous wastes an attribute
of a policy to contain wastes (and, if so, can one enunerate all potentia
types)? Secondly, if mis the nunmber of described attributes, we have no a
priori basis for relating the specificity measure mn, however, n is
defined, to individual valuations of Y. Consider an autonobile, for
exanple. The autonobile nechanic or engineer may define n characteristics
for a given automobile, only n of which are "known" by the lay buyer--n is
orders of magnitude less than n. Qur problemis made manifest by the

question: is the buyers valuation of the autonpbile somehow faulty given
n/n "small"? Here again the perception issue arises in its npst robust
form In virtually any CV study, one can expect that individual

perceptions of n may vary substantially, regardless of the number of
attributes described to himher by the investigator. Some efforts to speak
to the elusive specificity issue are nmade in this study but the authors
acknow edge at the outset that the issue of defining criteria for measures
of specificity remains in the author's view, as a conundrum

The final set of issues to be addressed in this sub-section concern
sanpling techniques used in this studys' CV experinents. As suggested by
above descriptions of the intended scope for this study, it is hoped that
one of the studys' strengths will be the breadth and conprehensiveness of
i ssues considered which are of inportance in efforts to assess the CVM
The study, by design, is exploratory and heuristic in character; further,
it is free-wheeling in the sense that as the authors encountered new ideas,
i ssues and/or nethods of relevance for CVM assessment, efforts were nade to
devel op these ideas/nethods via experinents. To the extent that new
insights as to the structure of CVM studies provided in this study are a
part of its strengths, requisite methods for obtaining them gave rise to
its major weaknesses. Thus, in this regard, sanple sizes wll vary
substantially across the studys' many sub-experiments. In efforts to
tentatively probe one issue or another, sanple sizes will be small and, in
such cases, "conclusions" nmust be accepted in the sense that they are
offered: observations that are indicative of the potential existence of
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behavi oral responses that warrant further developrment in efforts to bring
the CW to full flower as an effective tool in benefits assessnents.

Further, in the studys' drive to develop and test new hypotheses,
limted resources and tine, as well as the intended thrust of the study,
made i npractical the structuring of sanple designs that one woul d expect in
non- experinmental applications of the CVM which have as their central
purpose the derivation of "final," or perfected, neasures of social value.
Thus, as inplied in sub-section A 3, for many sub-experinents we eschew
extensive pre-tests of CV instruments designed to address questions related
to information/interviewer biases--the sybstance of earlier works by
Schul ze et al. (1981) discussed in A.3.”° Little attention is allocated to
correcting sanples for possible stratification and/or non-respondent
bi ases.  Thus, the studys' experimental results nust be interpreted within
the context of experiments concerning economc behavior of study
participants; obviously, extentions of the CVM to applications designed to
estimate values for use in policy fornulations wll require considerably
more attention to issues related to survey design.

A.5 Plan of the Study

The purposes of the Methods Devel opnent project are now
understood as those of developing and testing hypotheses concerning four,
broad sets of issues: validation issues, aggregation issues, issues
concerning individual perceptions of CV comodities, and "other"” issues.
Hopeful Iy, at this point the reader has some feel for the substance of
experiments which this study uses in addressing these issues--the National
Parks Visibility Experinment, the National Water Quality Experiment, the
Hazar dous Waste Experinment and the Ozone Experinment--as well as for the
rel ati onship between this studys' purposes and experiments to earlier works
by other authors. Finally, earlier discussions have established the
experinmental context of this study and have alerted the reader to
conceptual and sanpling issues which form the basis for caveats which one
must keep in mind in interpreting the studys' results.

Attention is now turned to an overview of these results. In
sub-section B, results from all study experiments which pertain to
validation issues are summarized. Simlarly, sub-sections C, D and E
include summaries of experimental results which pertain to aggregation,
perception and "other" issues, respectively. This Overview section
concl udes with sub-section F wherein the authors' conclusions as to the
inplications of study results for assessing the viability of the CVW as a
useful tool in evaluating benefits attributable to environmental change are
of fered.

B. VALIDATING CV MEASURES

B.1 Conparing Hedonic and Contingent Valuation Measures of
Benefits Attributable to Environnental Changes
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Two sets of issues conplicate the conparison of a CVM neasure of
the benefits of reducing ozone levels in the Los Angeles area with neasures
derived from property val ues.

First the CV instrument obtains bids for reducing ozone on a daily
basis. To develop an annual bid for an inmprovenent in the ozone air
quality distribution over an entire year raises questions both of
perception (see Section D below) and requires the assunption that utility
functions are additive and separable over time in ozone air pollution (see
Chapter V Section B) if daily bids are to be sinply added up linearly over
the change in air quality distribution. One a priori point in favor of
sinply adding up daily bids is that there is little evidence either of
cumul ative health problems or of health tolerance for the known
sub-clinical health effects of ozone. Thus, from the perspective of a
househol d health technology, there is little reason to reject additivity of
bids. However, preferences over the sub-clinical health effects night show
some non-separable effects over tine.

Second, the property value study (reported in detail in Chapter V,
Section D) showed severe multicollinearity problens arising from the high
correlation between the distance to beach, ozone and visibility (as
measured by extinction or TSP) variables. Note that this collinearity
problemis likely not accidental, but may well result fromthe air
chem stry in the basin, wherein, hydrocarbons and nitrogen oxides are
exposed to sunlight. Distance to beach is a good proxy for tinme of
exposure to sunlight creating a simultaneous equation system leading to
collinearity in our single equation property value nodel. Unfortunately,
no one has yet successfully specified a basin wi de air chem stry nmodel nor
is hydrocarbon data available at the current time. The nost stable and
plausible estimates nmade, to date, rely on an instrumental variable
approach using principal conponents. This approach has poorly understood
economi ¢ and statistical inplications as an estimation procedure, so our
results should be interpreted with caution. However, as an exanple, an
average annual bid for an inprovement of ozone air quality from that
typical of the San Gabriel Valley (Poor) to that typical of the San
Fernando Valley (Fair) is $502 ($1,166) from the interview survey analysis
and $397 ($231) to $1,340 ($794) fromthe property value anal ysis depending
on whether TSP or extinction, respectively, is used as the variable
representing visibility in the estinated equation (standard errors are
given in parenthesis). These values are also roughly consistent with
previous hedonic and CVM research done in the Los Angel es Basin.

B.2 Murket Criteria for CV Responses

In this sub-section attention is focused on hypotheses that
relate CV neasures (bids, responses) to criteria deduced from markets
Three sets of hypotheses are tested: those deduced from auction settings
those related to budget constraints and those related to altered
consunption sets.

The Auction Process
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(i) Motivation and Hypotheses. An issue of some concern for the
CVWis the extent to which bids_gffered in the CV process are indicative of
attitudes or intended behavior. Ceteris paribus, use of CV neasures for
benefits assessments purposes presupposes the latter: individuals wll in
fact be willing to pay the proffered bid for proposed environnental
commodities. The attitude vs. behavior problem may be restated as inquiry
as to whether or not individual participants in the CV study consider the
conmodity in terns of nonetary values--what they will pay for the
commodity. One nethod for responding to this question involves noving
beyond a single valuation question (what is your maxi mumwi | lingness to pay
. .) to an auction-like process--if the conmodity cannot be provided at
"price" p, will you pay $1.00 nore? The auction, or bidding, process my
serve at least two purposes. First, it enphasizes monetary, paynent,
behavi oral requirenents for obtaining the comodity. Secondly, to those
famliar with auction settings, it places the contingent market in a nore
famliar context. If initially offered bids--referred to as "starting
bids," SB--are sinply expressions of attitudes, there is no a priori reason
to expect that individuals would significantly alter their attitudinal
expression in response to the sinulated auction. On the other hand, if the
i ndi vidual considers the comodity within the context of intended
behavi or--how much will he/she in fact pay for the comodity--we would
expect SB to be significantly affected by the bidding process for the two
reasons discussed in section A 1l: initial (SB) values are low to maxinize
rents; considerable introspective search of preferences are required to
arrive at a maximum willingness to pay. Denoting MB as the individuals'
“maxi munt bid resulting from the bidding process, the null hypothesis of
interest then becones

Ho : SB < MB, (1.1)
and the alternative hypothesis is

HA : SB = MB. (1.2)

(ii) Study Results. SB and MB values from the National Parks
Visibility, National Water Quality and the Hazardous \Waste Experinments are
given in Table 1.2. Differences in SB and MB val ues across experiments are
expected, of course, due to differences in commodities to which they apply.
In terms,of the hypothesis of interest, we fail to reject--we
"acc:ept"3 --the hypothesis SB < MBin the National Parks Visibility and the
Hazardous Waste Experinents; we reject the hypothesis in the National Water
Quality Experinent. Thus, in two of our experinents the bidding,
auction-like process results in contingent values that are significantly
higher than initial, starting (payment card) bids.

Al else equal, fromthis we nmight infer the consistency of the
val uation process in the CVWM with that process observed in behavioral
auction-like process. This inference is weakened, of course, by results
fromthe National Water Quality Experinent. For this experinent, the
bi ddi ng process results in average bids which are higher, in absolute
terms, than initial, starting bids, but bid differences are not
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TABLE 1.2

TESTS OF AUCTI ON HYPOTHESES

Aver age
Val ue For: Accept (Reject)
(Standard Devi ation) Hypot hesi s: Sanpl e
Experi ment SB MB SB < MB Size
($ per nonth)
The National Parks $5. 69 $9. 20 "Accept” 64
Visibility Experinent (7.21) (11.54)
National Water Quality
Experi nment $6. 50 $8. 71 Rej ect 56
(8.48) (11.11)
The Hazardous Wste $16. 02 $25. 85 "Accept” 163
Experiment (20.78) (36.43)

'values are those obtained from pooling (intensive) experiment data from

Houst on and Al buquerque conponents.
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statistically significant at 90 percent and 95 percent levels (the rel evant
t-statistic is 1.3, lower than the critical value of 1.65).

(iii) Caveats/Comrents. Cbviously, a denonstration that the
val uation process in CV studies is_consistent with other valuation
processes which actually culmnate in behavioral responses (actual paynent)
does not, in itself, establish that behavioral intent underlies CV
measures. Little imagination is required to conjure alternative, and
perhaps conflicting, inplications of the inequality between SB and MB.
This denpnstration, however partial, is, however, on a piece of what wll
be shown to be a larger picture which, taken together, has interesting
implications for the potential behavioristic character of CV responses.

Budget Constrained Bids

(i) Mtivation and Hypotheses. From received econonic theory,
i ndividual valuations of goods/services entails the introspective process
of sorting through ones' preferences and allocating a fixed budget across
the consunption set. The equilibrium "equi-narginal" allocation of that
fixed budget such that the ratio of marginal utility to price is the same
for all goods/services purchased inplies individual awareness of trade-offs
bet ween goods/services inplied by their price and the fixed budget. As an
extension of the argument set out above in discussion of the auction
process, if CV bids are indeed considered in value--intended paynent
behavior-- terns as opposed to attitudinal terms, it nmust be true that, in
offering the valuation, individuals are cognizant of opportunity costs,
vi s-a-vis foregone purchases of goods/services (or savings), inplied by the
bi d. In other words, the budget constraint nust be effective in the
i ndividuals determnation of his/her bid.

In subsection A 2 a nmethod was described for inquiring as to the
ef fectiveness of budget constraints on bids offered by participants in CV
studies. SB values are elicited from one group of participants. A second
group is asked to reveal their nonthly, take-home income and how that
incone is expended or saved prior to the willingness to pay (WP) question.
The WIP question is then posed, along with the request that the participant
indicate that (those) current expenditure iten(s) that will be reduced in
order to facilitate paynent of the offered contingent value. The resulting
"budget constrained" bid is denoted SBY. Lf contingent values are
considered with a value context wherein budget constraint-related
trade-offs are considered, one would expect no difference between SB and
SBY. Thus the hypothesis of interest here:

H : SB = SBY (1.3)
H, : SB # SBY. (1.4)
(ii) Study Results. Values for SB and SBY obtained in the National
Parks Visibility, National Water Quality and the Hazardous Waste
Experiments are given in Table 1.3, along with results fromtests of the
hypot hesis SE = SBY. The null hypothesis is "accepted" in all three
experiments-- those participants given explicit budget information have

27



TABLE 1.3

TESTS OF BUDGET CONSTRAI NT HYPOTHESES
Aver age
Val ue For: Accept (Reject)
(Standard Deviation) Hypot hesi s: Sanpl e
Experi ment SB SBY SB = SBY Si ze
($ per nonth)
The National Parks $5. 69 $6. 77 "Accept" 64
Visibility Experinent (7.21) (6.16)
National Water Quality
Experi ment $6. 50 $13. 40 "Accept” 89
(8.48) (13.65)
The Hazardpus Waste $16. 67 $17.93 "Accept” 88
Experi ment (22.91) (21.03)
1Dat a are for pooled Al buquerque-Houston, intensive data.
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differing, income adjusted bids than those not given such information, but
bid-differences are not statistically significant.

(iii) Caveats/Comments. Failure to reject the hypothesis SB = SBY
| ends credence to the notion that CV neasures are couched in terns of
values which, in turn, gives support to their interpretation as indicative
of intended behavior.

Altering the Consunption Set

(i) Mdtivation and Hypothesis. Received econonic theory
suggests that, analogous to a fall in the price of 2 substitute good, the
introduction of a substitute good (along with its price) into the
i ndividuals' feasible consunption set will result in ex post consunption
| evel s of previously consuned goods (for which the "new' good(s) is (are) a
substitute) that are less than or equal to ex ante levels. Let P,, q; and
P,, q, refer to price/value and consunption levels of the ex ante-consSumed
and "new" commodities, respectively. By inplication, if, with the
i ntroduction of the substitute good q., the quantity q, is fixed,
equi l i briumcan be obtained only if P1 (ex post) is less than or equal to
Pl(ex ante).

For the nmoment, hold P,, q, constant for all goods and services
presently consuned by the ifidividual ot her than goods 1 and 2, with 9 and
g, fixed; superscripts a and b denote ex ante and ex post val ues,
rgspecgively. A guch stranger axiomis inplied by the above, viz.,

PY > P i‘f" MUq, /P < MUq,/P,. Thus, the ex post (after introduction of the

"hew, ¥ substitute good) VvalUation of g, nust be strictly less than the ex

ante value if, given the new good q, and the individuals valuation of ys
the new good is "worth" as nuch“or nore of the "old" good (and,

P,,
t%erefore, the new good is purchased).

Al else equal, this axiom suggests an interesting, testable
hypot hesis for efforts to contrast the valuation process in the CYWMw th
theoretical axions based on market behavior. Consider a CV comodity, Q,
for which an MB val ue (Pa above) has been obtained. Let a new
environmental commdity {or other public good), Qz, that potentially
substitutable for Q, be introduced to the study participant. The
participant is askeé if he/she remains willing to pay MB for Ql in light of
hi s/ her valuation of Q.. |If the response is negative, acquire the
i ndi vidual s "adiusted"™“bid for @ , denoted AMB ("adjusted maximum bid"
anal ogous ta, P_ ahove). W wou } d then posit: AMB < MBif O

2 is consuned,
AMB = MB otherwise.
When the assunption q :_1? for all other goods i is relaxed,
however--i.e., consumption of gdods other than good 1 can be substituted

for Q,--the proposition becones weaker: AMB < MB if Q2 i's consumed--AMB <
MB whén Q, is traded off for Q, and AMB = MB when Q2 is consunmed
excl usiveiy at the expense of ﬁoods ot her than Q-

The hypothesis AMB < MB remains interesting, particularly in cases
wher e O_2 is a reasonably close substitute for Ql’ and is used in this work.
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As described in sub-section A 2, following the MB bid, groups of study
participants are introduced to environmental goods that may be close
substitutes for the primary CV commodity and are asked if they wish to
revise--or "adjust"--their MB bid. W then test the hypothesis:

AMB < MB (1.
AMB = MB. (1.

e a0

4)

(s
HA 5)

(ii) Study Results. The effects of altered consunption sets of
contingent values for primary CV commodities are exanmined in the National
Parks Visibility and the Hazardous Waste Experinents; results are given in
Table 1.4. In both Experinents, the effect of altering the consunption
set is to lower the average bid for the prinmary CV commodity--the absol ute
value of AMB is |ower than MB, reflecting downward adjustnents in bids as
study participants consider the primary CV comodity within a broader
context which includes other substitute, environmental goods. Gven the
| arge variances surroundi ng nean val ues, however, tests for differences
bet ween nean val ues for AMB and MB in the Hazardous Waste Experinent but
not so in the case of the National Parks Visibility Experinent.

(iii) Caveats/Comrents. In our continuing search for manifestations
that are indicative of CV measures as reflecting valuation processes,
results given in Table 1.4 are somewhat encouraging. In a valuation
process (as contrasted to an attitudinal, "I like" statenent), altered
consunption sets via the introduction of substitute goods would lead to
downward adjustnents in values as seen in results fromthe National Parks
Visibility and the Hazardous Waste Experinments. The fact that the |ower
(50 percent lower) AMB value does not differ from MB in the "statistically
significant" sense weakens any effort to draw definitive conclusions from
the experiments. As is shown bel ow, however, when viewed within the
context of the totality of experimental results from the Methods
Devel opnent Project, these results prove to be nost useful in assessing the
potential of the CVM

B.3 Indirect Indicators of I|ntended Behavior in CV Responses

(i) Mdtivation and Hypotheses. For conpl eteness, we concl ude
our efforts to validate CV neasures by exam ni ng hypotheses which relate CV
values to value-related characteristics of study participants. Thus, if CV
val ues are indicative of intended behavior, if study participants are
viewing the CV commodity in value terns, we would expect preference-related
determ nants of value to be reflected in CV bids.

Consider the followi ng regression equation.

S+, N+ A

SB=aO+a1Y+a2E+a3 4 58

wher e:
househol d incone

education of respondent
s: sex of respondent

m <

30



TABLE 1.4

TESTS OF HYPOTHESES CONCERNI NG ALTERED CONSUMPTI ON SETS

Average Val ue " Accept”
O her For (Standard (Rej ect)
Experi ment Substitute Devi ation): Hypot hesi s Sampl e
(Primary CV Commodity) Good( s) AMB MB AMB < MB Size
The National Parks | mproved air  $6.03 $9. 20 Rej ect 64

Visibility Experinent Quality in (7.58) (11.54)
(Visibility in Gand Denver
Canyon National Park)

The Hazardous EPA Regul a- $16.07l $25.85l "Accept " 88
Waste Experinent tions for (20.78) (36.43)

(Total Contai nment Fi ve Sources

Policy for Hazardous of Environment al

Waste Disposal) Ri sk

1PooI ed data from Al buquerque and Houston conponents.
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TESTS OF HYPOTHESES CONCERNING

TABLE 1.5

SB-effects from Y:

INDIRECT

Accept/Reject Hypothesis:

SB-effects from N:

INDICATORS OF VALUE

SB-effects from S:

Experiment a; >0 a, >0 a3 # 0

The National Parks

Visibility Experiment Reject Reject Reject
The Hazardous Waste

Experiment

Combined Data Accept Reject Reject

Albuquerque Study Accept Reject Reject

Houston Study Accept Reject Accept

New Haven Study Reject Accept Reject
National Water Quality

Experiment Reject Reject Reject

(marginal)
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TABLE 1.5(A)

POPULATI ON  CHARACTERI STICS OF STUDY PARTI Cl PANTS

Aver age Aver age
. Aver age Annual Aver age Househol d
Experi ment Educati on | ncone Age Si ze
(Years) (000) (Years)
The National. Parks 1 15.09 $37. 14 41. 89 3.28
Visibility Experiment (2.20) (16.14) (12.971) (1.34)
National Water Quality
Experiment2 14. 86 1.34 37. 22 3.26
() (.8) () ()
The Hazardgus Wast e 14.74 36. 95 41. 83 40.6%5
Experiment (2.4) (24.30) (14.0)
1
2Table 2.2
Table 3.2

~

4Table 4.2--pool ed Houston, Al buquerque data

Data are for nonthly take-home incones
Data are for percent of households with children under 18
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N.  househol d size (number of children in househol d)
A: age of respondent
SB: initial, "starting" bid from CV studies

The five independent variables included in (1.6) are those conmmonly
used for characterizations of CV respondents in terms of delineating groups
of individuals with differing tastes or preferences for a given commodity.
In nost instances--in all instances in this study--nmultiple collinearity
between Y, E and A (those with higher incomes are older and are those with
more education), in which case the three variables are collapsed into one,
Y. For individuals with identical preferences, higher incomes would be
expected to be associated with higher values for SB. In npbst cases, there
is no a priori basis for assigning values to o, and especially, «
(associated with household size and sex, respectively). Wen envi‘?onment al
preservation is inplicit to the CV conmodity, |arger household sizes
(nunber of children in households) may be expected to influence bids as a
result of "bequest" types of notives. In cases where environmental risk is
directly at issue, as in the Hazardous Waste Experinent, ones expectations
for a significant influence of a«, and, one m ght argue, @, on SB may be
greater. Thus, for all experinents the follow ng hypotheSis would seem to
be relevant for the ends sought in this section:

0 21

A1
Additionally, particularly in the case of the Hazardous Waste Experinment,
the followi ng hypotheses are of interest.

>0 (1.7)
<0 (1.8)

o

Ho : a4 >0 (1.9)
Hy : o, <0 (1.10)
H:: oy 0 (1.11)
HA Pay = 0 (1.12)

(ii) Study results. Results fromtests of the hypotheses (1.7) -
(1.12) in the National Parks Visibility, National Water Quality and the
Hazardous Waste Experinents are summarized in Table 1.5. Referring to the
Hazar dous Waste Experiment, as expected in data reflecting valuation
processes, income is shown to have a significant effect on bids offered in
the CVM-on the average, higher bids are associated wth higher incones.

Results are quite different for the National Parks Visibility and
National Water Quality Experinents, however. For these experinments, we
“accept" a«, = 0 for all denographic variables; this "acceptance" is
mar gi nal for o (income) in the case of the National Water Quality
Experiment (the t-statistic is 1.60 conpared with a critical t-value of
1. 65).

(iii) Caveats/Coments. A notable exception from the results
described above for the Hazardous Waste Experiment is the relationship
between SB and income in the New Haven conmponent of the study. In the New
Haven study, the variable "respondents' sex" was dom nant in "explaining"
the CV bid--bids from femal e respondents were significantly higher than
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bids from nale respondents. This result nmay be consistent with the result
observed in the Houston component of this study wherein, in addition to
incone, the variable N-existence of children in househol ds--was
significant in "explaining" bids. Taken together, these results suggest
the potential influence of maternal concern for health threats to children
on CV bids which, it must be acknow edged, could reflect attitudinal as
wel | as behavioral responses. However, as shown below, bids obtained in
Al buquer que, Houston and New Haven are not different in the statistically
significant sense, and when data are pooled the influences of N and S

di sappear, leaving income as the only variable which significantly affects
the CV bids. In any case, these results should alert the researcher to the
potential inportance of N and S for determning contingent values for
environmental conmodities which affect risks to public health and safety.

One can only speculate as to the possible explanations for the |ack of
significance of denographic variables--particularly, incone-in determning
bi ds observed for the National Parks Visibility and National Water Quality
Experi ments. Referring to data in Table 1.5(A), there are no dramatic
differences in population characteristics between, e.g., the Hazardous
Waste sanmpl e and the National Parks Visibility Experinent
sanple---particularly in terms of incomes--that would account for the
differing results. Marked differences in preferences/tastes within incone
cl asses between the two sanples could account for the differing influences
of incomes on bids, but sinmlarities between bid and bid variances (e.g.,
Table 1.2) would belie that conjecture. The nost probable conjecture is
that omitted variables lie at the root of the non-deterninateness of
vari abl es on bids obtained in the National Parks Visibility and Nationa
Water Quality Experinents. Attention is returned to this issue in later
sections.

C.  AGGREGATI ON | SSUES

In this subsection attention is turned to experinmental results of
relevance for the aggregation issues discussed above in A 2. In what
follows, tests of hypotheses are discussed which relate to: aggregation
over attributes, aggregation over commodities and aggregation over

geogr aphy.

C.1 Aggregation over Attributes

Relatively little attention is given to the attributes issue per
se in this study given that virtually any commodity will consist of many
attributes. Extensions of the "aggregation over attributes" issue as it
related to aggregating over comodities Ls given considerable attention
below. W have acknow edged above (subsection A 4) the potential relevance
of the attributes issues for a related issue: establishing criteria for
the specificity of CV commodities. However, in this subsection inquiry as
to aggregation over attributes is linited to a very narrow question,
interest in which is admttedly pedagogic. The inquiry of interest here is
the following. Earlier works have posited, as attributes to an
environnmental preservation commodity, commodities related to user, option
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exi stence and bequest preferences of individuals. Further, these studies
have of fered the counterintuitive conclusions that values, subsuned in
preservation values, attributable to the bequest motive will account for a
large proportion (nore than 50 percent) of the preservation bid. Thus, as
a part of this study an effort is made to provide one nore test of the
relationship between the bequest value (BV) and a preservation val ue

The preservation value used for this inquiry is the SE value for
preserving visibility in the Gand Canyon National Park obtained in the
National Parks Visibility Experinent. A sub-set of study participants are
asked to disaggregate, when appropriate vis-a-vis their preferences, the SB
value to user, option, existence and bequest commdities; associated values
are denoted W, OV, EV and BV, respectively. W then test the hypothesis

BV > SB/2 (1.13)

The val ue obtained for SB (sanple size: 75) is $5.09; average
attribute values are (standard deviation):

W = $0.45 ($1.04)
oV = 0.67 ( 1.66)
EV = 1.42 ( 3.63)
BV = 2.54 ( 5.25)

Tests of the hypothesis (1.13) result in our failure to reject the
hypot hesis BV > SB/2--we "Accept" the hypothesis that values attributable
to the bequest attribute of the preservation comodity account for nore
than half of the aggregate value for the preservation comodity.

C.2 Aggregation over Conmodities

(i) Mtivation and Hypotheses. As noted above, the commodity
aggregation issue is an extension of the attributes issue inasnuch as if,
anal ogous to the "mental accounts" notion, bids for any one commodity
(e.g., air quality in the Gand Canyon National Park) are attributable to a
nore aggregate commodity (e.g., air quality in the U S.), the former, nore
di saggregated "commodity" is an attribute of the nore aggregate comodity.

G ven the inmportance of this issue, discussed above in A 2, six
hypot heses are tested which relate to the various, potential dinensions of
the conmodity aggregation issue. These hypotheses, and their respective
notations, are described as follows.

We begin with the question: Is the CV bid for a specific,
di saggregated CV commodity applicable, in fact, to a nore aggregated
commodity of which the specific commodity mght be considered a priori as a
substitute? This question mght also be posed as: |s the CV value for a
di saggregated commodity attributable to sonething akin to a "nenta
account," a conponent of which is the specific commodity? Five hypothesis
for which use data drawn fromthe National Parks Visibility and Nationa
Water quality Experiments, are designed to speak to this (these)
question(s).
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1. Define VG as the CV bid for preserving visibility in the Gand
Canyon National Park; VER) is the bid for the same comodity when
i ndividual s sinultaneous bid for preserved visibility in the Gand Canyon
National Park and preserved visibility in five other "regional" national
Parks (the bid for which is VR. |f the Gand Canyon National Park
visibility "comodity" is distinct fromthat associated with visibility in
other parks, the following null hypothesis would hold.

1% . Ve # Vo)

H : VG = VG(R) (1.14)
" (

Define VG (all parks) as the contingent value for the Grand Canyon National
Park visibility comodity formulated when the individual considers the
preservation of visibility in all National Parks. Again, if the Gand
Canyon National Park comodity is distinct from the nore aggregate, "all
parks" commodity, the following null hypothesis would hold (assumng 1.14).

Ho : VG(R) = VG(all parks) (1.16)
HA : VG(R) # VG(all parks) ( )

Let NWQ be the contingent value for inprovenents in national water
quality, NANA)Q is the same value when individuals consider inprovements in
national air quality in bidding for inprovenents in national water quality.
If one's value for inprovenments in national water quality is distinct from
hi s/ her value of the nmore aggregate commodity: air and water quality, the
following hypothesis is inplied.

H @ NWQ = NW(A)Q (1.
HA : NWQ # NW(A)Q (1.21)

Let NWAQ be the contingent value for inprovenents in water and air
quality, a comodity which includes water quality and its associated val ue
NWQ  The followi ng hypothesis is inplied

H  : NWQ < NWAQ (1.22)
H, NWQ > NWAQ (1.23)
The sixth and final hypothesis tested as a part of the comvbdities

aggregation inquiry speaks nmore directly to the nental accounts issue.
From the Hazardous Waste Experiment, let AMB be the "adjusted" naxinum bid
for the total containment policy, such adjustnents reflect the individuals'
consideration of other environnental goods which are a priori substitutes.
AMB(PG is the adjusted bid when individuals consider other, substitute,
environmental goods (as for AMB) as well as other "Public Goods" that are
not environnental in nature, viz., inproved highway safety and national
defense. Al else equal, since AMB (PG involves consideration of an
expanded consunption set vis-a-vis AMB, we would expect AMB(PG > AMB, if
i mproved highway safety and/or national defense are "consuned." If, on the
other hand, non-environnental goods are ignored in the process of val uing
environnmental goods, a la an "environmental safety account," we would
expect AMB = AMB(PG--the introduction of non-environmental "PG' goods
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| eaves unaffected the valuation of the environmental good. Therefore, the
| ast hypothesis of interest here is:

H : AMB = AMB(PG) (1.24)
HZ : AMB # AMB(PG). (

(ii) Study Results. Results fromtests of the hypotheses (1.14) -
(1.25) are sunmarized in Table 1.6. Beginning with the nore disaggregate
good, preserved visibility in the Gand Canyon National Park, "acceptance"
of hypotheses 1 and 2 (Table 1.6) suggest the distinctness of the
environment conmodity: valuations of five other regional parks and
valuations of all gother national parks does not affect the individuals'
valuation of the specific conmodity: preserved visibility in the Gand
Canyon National Park.

Results from hypothesis 3 (Table 1.6) are troublesome, however. The
sum of CV values for preserved visibility in the Gand Canyon National Park
(VA R)) and for preserved visibility in five other regional national parks
(VR) is not less than the CV value for inprovenents in national air quality
(NAQ. Indeed, we accept the hypothesis VE@R) + VR = NAQ -CV val ues for
national inprovements in air quality are captured in bids for preserved
visibility in six national parks.

A simlar pattern is found when attention focuses on nore aggregate
commodities. The bid for inproved national water quality is unaffected by
introducing inproved national air quality as a conmodity (hypothesis 4 in
Table 1.6). However, the bid for inproved national water quality (NA) is
not less than the bid for inprovements in national water and air quality
(NWAQ) . Indeed, NWQ = NWAQ is accepted--the value for inprovenents in
water and air quality is captured by the bid for inproved water quality
al one.

Finally, in an earlier experinent (Table 1.4) it was shown that the
i ntroduction of other environnmental goods significantly |owered the bill
for the Hazardous Waste Commodity, i.e., MB > AMB. From hypothesis 6
(Table 1.6), however, the further introduction of non-environnmental goods
(AMB(PG)) does not affect the bid--we "accept" the hypothesis AMB =

AMB(PG. Seemingly, individuals ignore non-environmental goods in their
val uation of an environmental good (or a set of environmental goods.

(iii) Caveats/Comments. One mght explain away the results of
hypot heses 3 and 5 (Table 1.6) by appealing to such things as problens
associated with individuals' ability to grasp the neaning of aggregate
commodi ties such as national environnental quality inprovenents. The
authors are inclined to view these results at face value. The inplications
are that real problenms may exist in the attribution of CV nmeasure to
specific, disaggregated commodities--bids for a specific commodity may in
fact neasure maximumw | lingness to pay for a broader, nore aggregate
conmmodity. The notion that individuals may view environmental inprovenents
in aggregative, "gestalt" (or "mental account") terns is supported by
results from hypothesis 6 in Table 1.6: individuals seenmingly ignore
non-environnental goods in their valuations of an environmental good.
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Qur finding of evidence which suggests the potential for conmodity
bids that apply to broader commdity classes is not altogether negative
vis-a-vis the ultinate potential of the CVYM for use in benefits
assessments. (One sees in these results an interesting parallel wth Bishop
and Heberlien's attitude-behavior dichotony. If, in the introspective
valuation process, individuals do indeed tend to think in terns of classes
of general environnental goods--or the environment as a whole--this need
not relegate CV neasures to a role of sinply indicating attitudes. Values
used in hypotheses 3, 5 and 6 were used in hypotheses tested in subsection
B.1 above wherein reasonably persuasive conclusions are suggested as to the
argunent that individuals do view offered CV bids within the context of
values, rather than attitudes, Thus, CV neasures may remain as values for
cl asses, or accounts, of (relevant to) environmental inprovenents.

Moreover, results from hypotheses 1, 2 and 4 (Table 1.6) are relevant
for efforts to deduce inplications fromhypotheses 3, 5 and 6. Results
from hypotheses 4 and, particularly 1 and 2 suggest that at relatively
di saggregate levels, individuals can and do differentiate between
environmental commodities: the introduction of "new' conmodities that are
defined at (approximately) the sane level of aggregation does not effect
i ndi vidual valuations of a specific commodity.

It is the authors view that this mix of results concerning the
comodity aggregation issues defines a clear challenge for future research
designed to further the devel opment of the CVM Mich nore work is required
in efforts to design the CV instrunment in such a way that individual
attention is focused on environmental commodity of interest within a
context which includes the nore general commodity-class within which the
specific commodity may be a conponent. As an exanple, it may be necessary
in the elicitation of bids for a commodity X to present to and discuss with
the study participant a large class of other environmental goods; it may be
necessary to seek sinultaneous valuations of components in this reasonably
exhaustive menu of environnental goods (and other public goods?). W
recognize the inplications of these conclusions for potential size of the
CV instrunment as well as the costs of inplenenting the CV In |ight of
this subsections findings, taken together with subsection A 1's discussion
of the inportance of the commdity-aggregation issue (particularly with
regards to the question: can one sum CV val ues), these costs nay be
unavoi dable if the CVWM is to generate values which can be defensibly used
as benefit measures attributable to a specific commodity.

C. 3 Aggregating over Ceography

(i) Modtivation and Hypotheses. The final set of aggregation
issues to be addressed in this subsection relates to aggregation over
geography. Interest in this issue is notivated by the ultimte need to
aggr egat e geography-specific CV values to national values in cases where CV
neasures are to be used for conparisons of national benefits and costs

associated with a particular policy. In such cases, one nust be concerned
with the extent to which commdity values vary across regions of the U S
and the determnants of such variations. Thus, if D... . ., D are

. . . 1
vari abl es which serve as proxies for preference-related populat’%on
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TABLE 1.6

TESTS OF HYPOTHESES RELATED TO AGGREGATI ON OVER COMMODI Tl ES

Hypot hesi s Accept/ Rej ect
1. VG=VER Accept
2. V@R = VEAI Parks) Accept
3. VGR + VR < NAQ Rej ect
4. NWQ = NWA)Q Accept
5. NWQ < NWAQ Rej ect
6. AVB < AVB(PQ Rej ect
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characteristics which are established a priori (e.g., income, education,
etc.), one is concerned with the influence of the D,'s on commodity
valuations. Problens can arise as different sets o% the 1S are found to
be of inmportance in explaining bids or each of a few sites™in which the CVM
is applied. Such findings could necessitate potentially large, costly
expansions in the nunmber of site-applications of the CVMfor nationa
aggregation purposes. Thus, ideally the sanme set of (hopefully, a few)

Di's are found to be of consequence across regions of the U S.

The geography-aggregation issue is addressed in this study via the one

experiment which involves multi-locational applications of the CVW™ wviz.,

in the Hazardous WAste Experinent which involves application of the CVWMin
three netropolitan areas: Al buquerque, New Mexico (ABQ; Houston, Texas
(HT); and New Haven, Connecticut (NH). The results are therefore linmted

i nasmuch as no basis exists for extrapolating findings of this experinent
to all other CVM applications which involve different CV commdities. The
experiment does serve as an interesting case study, however, and provides,
at a mninum a basis for reference in future experinents concerning the
geography-aggregation issue.

As di scussed above (see Table 1.5), tests of the influence on bids of
sel ected variabl es denonstrated the dom nance of income as a determninant of
bids. The renmining issue is the relationship between income-adjusted bids
obtained in the three cities/regions; i.e., are these geography-specific
gﬁdc different and, if they are, what explains the differences. Defining
~ A’ MB_ and MB,_ as "nmaxinunt bids for Hazardous Waste commodity of the
HaZardous Wasteltxperinent obtained in Al buquerque, Houston and New Haven
respectively, the hypothesis of interest is then expressed in the follow ng

H : MB, = MB, = MB
o A H N
HA.MBA#MBH#MBN
(ii) Study Results. Results fromtests of the hypotheses (1.26) and
(1.27) are described below in subsection IV's Table 4.13 and 4.17. The
nul | hypothesis 1.27 is "accepted'--there is no statistically significant
di fference between CV values for the Hazardous WAste commodity obtained in

the three regions.

(iii) Caveats/Comments. Aside fromthe inplicit caveat nentioned
above concerning generalizing these results to other CV studies with 35
different CV commpdities, an additional observation warrants mention. e
have acknow edged the |lack of a theoretical basis for necessarily expecting
bi d-di fferences across studies other than those attributable to variables
included in regression analyses described above in subsection B.3. |ndeed,
hypot hesis (1.26) and (1.27) represent heuristic inquiry as to the possible
exi stence of unexpl ained bid-differences that would then necessitate
additional theoretical and enpirical attention. In this regard, one must
recogni ze the potential inportance for CV values attributable to the
Hazar dous Waste commodity that can be seen as obviously relevant on
theoretical as well as a priori grounds, viz., proxinmty to a waste
di sposal site. Close proximty to a known disposal site for hazardous
wastes is not an issue in any of the three sites used in the Hazardous
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Waste Experiment. Differences in the nature of public concern for the
general hazardous waste di sposal issue exists in the sanples and, fromthe
above, such differences seemingly do not affect bids. For exanple, concern
in Al buquerque focuses on city wells in the South Valley which were
recently found to have been contaminated by "inproper" dunping of hazardous
i ndustrial wastes; potential dangers fromthe disposal of wastes from
petrocheni cal industries were of concern to Houston residents. But in none
of the agxeas was a wel | -defined waste disposal site per se an issue of
concern.

D. I NDI'VIDUAL PERCEPTIONS OF CVv COMMODI Tl ES

A better title for this section might well be "problens in perceiving
CV commdities." Cearly if an individual does not understand what he or
she is bidding for (the nature of the commodity itself, or how useful that
commodity might be at the nmobment or over tinme to the individual, then the
contingent valuation nethod will produce biased or nmeaningless results
Al though closely related to the aggregation issue in several respects--one
could reinterpret nost of the preceding section along perception lines--the
focus in this section will be placed on three exanples drawn fromthe
experiments of potential or actual perception problens.

The first exanple is drawn fromthe National Parks Visibility
Experiment. Two separate estimates of user values for inproved visibility
at the Gand Canyon can be nmade fromthe CV results of this study. First
an estimate of this value can be made fromdaily bids collected through
increased entrance fees on the day of a hypothetical visit. Taking the
nunber of visitor days per year tines the average bid per day for an
increase in visibility gives a rough estinmate of annual total user
benefits. A second approach is to use CV estimates of the total val ue of
preserving visibility at the Grand Canyon col |l ected through increased
electric utility bills, where individuals are asked to then disaggregate
this bid into conponents consisting of user, option, existence and bequest
values. Individuals were able to ascertain that user value "should" be the
smal | est of the conponent values, giving average values of about $.45 per
month versus a total preservation value (sumof the conponents) of
$5.09/nmonth. If this ratio of .0884 to 1 obtained froma Denver sub-sanple
were to hold for the nation, it would inply a national user value bid for
preserving visibility at the Grand Canyon of $309 nillion per year (based
on annual total preservation value of $3.5 billion as described in Chapter
[1). The daily bid estimates, on the other hand, inply a national bid of
only $10 mllion dollars per year. This inconsistency suggests the
possibility of a fairly severe perception probl em possibly associ ated
either with radically different paynment nethods, or with an inability to
break down an aggregate bid into conponents where one of those conponents
is very small. For exanple if the conponent user bid were to agree with
the daily entrance fee bid, the former would have to have averaged 1¢
broken out of a total preservation value averaging over $5! The "scaling"
of the conponent bid approach is, in retrospect, alnost ridicul ous and
obviously likely to induce a perception problemas conpared to the daily
entrance fee approach.
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The second exanple of a perception problem occurred in the Hazardous
Waste Experinent. A large fraction of respondents bid the sane anount for
a policy which provided a 50 percent probability of hazardous waste
containment as for a policy which provided a 100 percent probability of
containment. One explanation for this result is the sinple fact that a
large fraction of the adult population in the United States has no fornal
concept of what a probability is. Thus, the specification of the commodity
could have been neaningless to a large fraction of the respondents.
Political scientists often enploy filter questions to renmobve neaningless
answers to survey questions. In the case of the Hazardous Waste
Experiment, a few questions to deternmne if the respondent understood the
meaning of a sinmple probability would have inmproved the interpretation of
the results dramatically.

Finally, the Ozone Experinment provides a more positive exanple
relating to perceptions. Daily CV bids for reduced ozone |evels do appear
to be roughly consistent both with previous CV studies using nmonthly bids
and with capitalized air quality values revealed through analysis of
property values. In contrast to the National Parks Visibility Experinent,
no scaling problem appeared to be present since daily bids fell in the
range of a few dollars, nonthly bids in the range of tens of dollars, and
annual capitalized values in a range of hundreds of dollars.

E. OTHER EXPERI MENTAL | SSUES

The final set of issues addressed in the Methods Devel opnent project
are methodological in nature. Two sets of issues are addressed: the
"marginal" nature of CV values and the nature of differences in CV values

obtained from alternative solicitation nopdes.

E.1 CV Values as Measures of Marginal Val ues

(i) Mtivation and Hypotheses. Related to the attitude vs.
intended behavior as well as the commdity aggregation issues which has
appeared repeatedly in our earlier discussions, if the CV neasure is indeed
couched in value terns (as opposed to an indication of "I Iike a clean
environnent") the CV measure nust be a_marginal valuation. This is to say
that there now exists an environnental "state" and an existing "state" of
EPA regulations. The existing state of environmental quality is a good for
whi ch people now pay a "price" in terns of higher taxes (conpared with,
e.g., pre-EPA days; such taxes pay for research, policy fornulation and
enforcenent activities by the EPA and ot her agencies) and higher prices for
current purchases of goods and services (e.g., pollution abatement costs
passed on, in whole or part depending on demand/supply elasticities, to
consunmers).  An environmental inprovement--the substance of CV
commodities--represents a (usually) small change in the environnental
state. Cbviously then the CV neasure nust be attributable to the
appropriate margin rather than to the environmental state per se.

As stated above, this "marginal" issue is an alternative way of
stating the commodity aggregation issue: does the CV measure apply to the
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specific commodity (a marginal change in the environnental state) or to a
more aggregate commodity (the environmental state per se). There is one
i mportant difference, however, which accounts for the authors distinct
treatment of the "marginal" issue. This difference lies in viewing the
commodity aggregation with a precise value context: basic to this line of
inquiry is the individuals' cognizance of the existing environment state
and their costs for maintaining that state in offering values for

i mprovenent s--changes--in environnental quality.

The follow ng procedure is used in addressing the "marginal" issue.
In the New Haven component of the Hazardous \Waste Experinent, a discussion
of the existing state of environnental regulations and environnental
quality (air, water quality, etc.) preceded willingness to pay questions.
Hal f (44) of the New Haven respondents were given additional information,
viz., an estimate of the nonthly anbunt now paid by simlar (to the
respondents') households for the existing environmental state via higher
prices and taxes. Questions expressed by two hypotheses are of interest
for this experinent. First, are individuals cognizant of the existing
environmental state in offering bids for nmarginal changes (environnental
i nprovenents)? Evidence suggestive of such cognizance would follow from a
denmonstration that bids obtained wthout explicit discussions of the
environmental state (the SB values obtained in Al buquerque and Houston) are
not significantly different from those obtained with such discussions (the
SB val ue obtained from 44 New Haven respondents); i.e., with SB, the New
Haven starting bid and SBAH the Al buquerque (or Houston) starting bid,
cogni zance of the existing environmental state is suggested by "acceptance"
of the hypothesis SB SE,... O course, this hypothesis was tested above
in subsection C. 3 ang the %Iyi/pot hesis was "accepted.” W then have evidence
suggestive of individual awareness of the existing environmental state in
their fornulation of CV bids.

Secondly, are individuals' cognizant of their present expenditures for
the existing environnental state in their formulation of a CV bid?
Def i ni ng SBy (SB,) as the average starting bid by individuals who are (are
not) given estimates of their current expenditures for the environnental
state, an affirmative answer to this question is suggested by the followng
hypot hesi s:

H : SB, = SB (1.
o . 1 2
H, : SB] # SB, (

(ii) Study Results. Results from tests of hypotheses (1.27) and
(1.29) are sunmarized in Table 1.7. The null hypothesis is "accepted': CV
bids are seemingly unaffected by explicit information as to current outlays
for the existing environnental state.

(iii) Caveats/Comments. Results from the Hazardous Waste Experiment
are consistent with the proposition that CV values are appropriately
“marginal" in nature--in offering CV bids, individuals are cognizant of the
existing environnmental state and the income sacrifice required to maintain
that state. However nuch encouragenent one might draw from this
observation, it nust be recognized that a denmonstration that CV values are
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TABLE 1.7

TEST OF THE MARG NAL BI D

Average Value For Accept/ Rej ect
(Standard Devi ation) Hypot hesi s Sanpl e
Experi nent SB1 SB, SB1 = SB2 Si ze
The Hazardous Waste $13. 34 $17.52 Accept 88
Experi ment (17.22) (20.55)
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appropriately margi nal does not necessarily dimnish the commodity-
aggregation problem Thus, while 2 bid for an environmental inprovenent
may be a marginal valuation, the issue as to how individuals view the
mar gi nal environnental change--a narginal change in aggregative
“environnental quality" or the change represented by the CV

comodi ty-- remains as an open question.

E.2 Solicitation Mdes for Cbhtaining CV Measures

(i) Mtivation and Hypotheses. An important methodol ogical, or

| ogistical, issue for inplementation of the CVM concerns the solicitation
mode to be used in administering the CV instrument. Three obvious
alternatives exist: administering the CV instrument by nail, by going

door-to-door in selected nei ghborhoods (or to selected houses) and by the

i ntensive process by which pre-arranged appointnents are established with
sel ected househol ds; these nethods are referred to as nmail, extensive and
intensive methods (or solicitation nodes), respectively. Ones notivation
for interest in solicitation nodes is a practical one: cost; costs per
conpl eted instrunment are nmost often much lower for the mail nethod than for
the extensive nethod and npost expensive is the intensive nethod.

The central issue here is the question as to the existence of
rationale which would I ead one to prefer one solicitation nmode over
another; in other words, does one get different, or "better," results using
one nmethod over another and, if so, what might explain the differences?

The following nmethod is used in this study in efforts to address these
questions concerning solicitation nodes. In the Houston conponent of the
Hazar dous Waste Experinment, CV values for the Hazardous Waste commodity are
obtai ned using both the intensive and extensive nmethods. Defining PBE and
PB_ as CV val ues obtained from extensive and intensive nethods,
respectively, we then test the hypotheses:

H : PB_ = PB (1.
o] E 1

H, : PB; # PBI (

In the Ozone Experiment, CV neasures for the Ozone commbdity are obtained
using both the extensive and mail nethods. Defining Z, and Z as QOzone

bi ds obtai ned from extensive and mail nethods, respectively, Bhe fol I owi ng

hypot heses are tested:

. ee

HO
HA ° "E m
(ii) Study Results. Results from tests of hypotheses (1.30) - (1.33)
are given in Table 1.8. The null hypotheses (1.30) and (1.32) are
"accepted"-- there is no statistically significant difference between CV
values obtained from mail, extensive and intensive solicitation nodes.

(iii) Caveats/Comments. Sone potential for a fallacy of
conposi tion--a deductive "leap"--exists in any conclusion that the three
solicitation nodes yield identical results. Al three nodes were not used
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TABLE 1.8
TESTS OF HYPOTHESES CONCERNING SOLICITATION MODES

Mean Value of Bid Accept/Reject
(Standard Deviation) Hypothesis Sample
Experiment PB, PBg Zc Z. PBy = PB Zp = Size
The Hazardous Waste $17.06 $7.05 Accept 113
Experiment (22.40) (8.44)
Ozone Experiment See Chapter 5 Accept
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in a single experinent, in which case appeal to some form of transitivity
is required if one is to "conclude": | = E E=M ergo!l =M Qbviously,
the link PP_ = Z_ is missing for the appropriate deduction: PB_, = PB_, PB
=Z , Z_ = g . Eonetheless, the results of hypotheses (1.30) —1(1.33§ can
be viewed asmencouraging in their potential promise for considerable
flexibility in the investigators' choice of a solicitation node.

Finally, results reported in Table 1.9 nust be viewed within the
context of data concerning response/contact ratios which are given in Table
1.7.  These data suggest the potential for respondent biases in our CV
results as discussed above in A 4. The large percent of individuals
contacted by muil/tel ephone that did not participate in the study raises
questions not addressed in this study as systematisation biases in terns of
characteristics of individuals who do and do not participate. Wile the
response/ contact ratio for the Hazardous Wastes' extensive (door-to-door)
study is relatively higher--33 percent--underlying this ratio is the fact
that, in nmany of the socio-econonic neighborhoods included in the study,
the response rate is zero (see Table 4.3 in subsection V).

F.  CONCLUSI ONS

F.1 Review of Study Results

Havi ng discussed the nature of, and results from the
multi-facited experinments included in the Methods Devel opment Project, it
is now desirable to bring these many results together in an effort to
descri be what has been |earned about the CVM and the inplications of this
know edge for assessments of the CVMin terns of its potential as a nethod
for estimating benefits attributable to environnental inprovements. Before
giving attention to these inportant issues, it wll be useful to briefly
review what has been learned in the Project; thus, a brief statement of
these "lessons" follows.

1. Are CV values for environmental inprovenents consistent with those

derived from the Hedonic Property Value Method?

o Both the CV Method and the Hedonic Property Value Method produce
order of magnitude estimtes, not precise estimates, due to the
uncertainties inherent in each technique.

o Wthin this order of nmagnitude range CV and Hedonic Property
Val ue Methods give consistent benefit estinmates.

2. Are CV responses couched within the context of value as opposed to

attitudes?

o CV neasures are consistent with values fornulated within a
budget - constrai ned process of preference research.
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TABLE 1.9

RESPONSE/ CONTACT RATI OS FOR EXPERI MENTS

Nunber Nunber of Response/ Qont act
Experi nent of Contacts Responses Rati o
The Hazardous Waste
Experi ment
Extens:&’_ve1 75 25 .33
Intensive’ 1,147 92 .08
Qzone Experinment
Mai | Met hod - -- .03-.10°
-- .24-.56>

Ext ensi ve

l.Door-to-door contacts in Houston.
Tel ephone contacts in Houston.
Range of ratios in comunities surveyed.
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3.

in 2 out of 3 experiments, bid formulation in CV studies is
consistent with auction-like (demand penudrum) processes wherein
i ndi vidual s focus on nmaxinum willingness to pay only as

mar ket -entry costs rise.

| ower CV bids resulting from altered consunption sets are
consistent with axions from received theory; however, questions
remain as to the extent that altering the consunption set will
significantly effect CV bids.

househol d incone, and other household characteristics, are not
shown to be significant determnants of CV val ues.

CV bids are seeningly fornulated within a context where
individual s are cognizant of the existing environnental state as
wel | as present expenditures for maintaining that state; thus,
contingent values are seeningly "marginal" in nature.

Are contingent values appropriately commpdity-specific or may they

be attributable to sone nobre aggregative commodity?

(o}

4.

Commodi ty-specific bids for relatively disaggregated conmodities
are seemingly unaffected by the introduction of substitute goods
which are at the sane |evel of disaggregation.

However, bids for aggregate commodities (e.g., inprovenents in
national air quality or air and water quality) are not
significantly different from bids for disaggregate comodities,
whi ch suggests that commodity-specific bids may be attributable
to nore aggregative goods. This result is consistent with the
"mental accounts" notion.

Again supportive of the mental accounts notion, individuals
seemngly ignore non-environmental goods in their fornulation of
values for an environnental good.

Are bid changes in response to changes in environnental risk

consistent with those derived from Expected Wility Theory?

e]

Lower probabilities of hazardous waste containnment are not
associated with | ower CV values, which is inconsistent with
axi ons derived from Expected Utility Theory.

Hi gher (inplicit) damage probabilities are not associated with
hi gher CV val ues, which is inconsistent with axi ons derived from
Expected Utility Theory.

However, the credibility of these results is seriously weakened
by weakness in the design of CV instruments used in deriving data
for testing these hypotheses as well as by a myriad issues
related to individual perceptions of risk which are not addressed
in this study.
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5.  Are individual perceptions of, and offered value for, CV
commodities consi stent?

o Perception of values may be affected by scaling problens.

o Perception of values under uncertainty may be poor when
individuals fail to understand concepts of probability.

6. Are included variables sufficient for explaining bid-differences
across regions of the US.?

o I ncome-adj usted bids for the Hazardous VWste commodity are shown
to be invariant with respect to study |ocations.

7. Are CV neasures affected by choice of solicitation node?

o Significant differences in bids are not identified between those
derived by intensive and extensive nmpbdes and by extensive and
mai | nodes

F.2 Conclusions: The Substance of the Contingent Valuation Method

Based on study results summarized above, one i medi ately obvi ous
conclusion is suggested in ternms of the viability of CV values as neasures
of social benefits attributable to environmental inprovenents:
consi derably nore devel opmental research is required if the state of the
arts for the CVWMis to advance to the level where it may produce defensible
benefit estimates. However, while this conclusion follows fromthe
probl ens associated with CV values identified in this work, these problens
should not overshadow the positive findings reported in the study.

Looking to the positive side, results from validation studies (groups
1 and 2 above) provide a reasonably sound basis for concluding that CV
measures are couched within the context of value. The juxtaposition of
offered CV values to budget-related trade-offs, their responsiveness to
altered consunption sets and the auction-like process by which CV val ues
are re-defined and re-formulated in response to increasingly stringent
mar ket -entry conditions conbine to suggest that in formulating CV bids,
i ndividuals follow the process of preference research indicative of, or at
worst consistent with, intended behavior. Al else equal, these results
should increase the palatability of ones' acceptance of a CV value as a
meani ngful nmeasure of maximumwi | lingness to pay. Wile of interest in
their own right, conclusions as to the equality of CV bids across regions
and their insensitivity of solicitation nodes buttresses these argunents as
to the value-content of CV neasures.

However, if one accepts the value content of the CV neasure
unanswered is the starkly critical question posed by study results as to
what is being valued in the CV study. Study results provide good reason to
question the applicability of a studys' CV neasure of "value" to the
studys' specific comodity. Rather, the valuation may well apply to sone
nore aggregate commodity--sonme aggregate Commodity "account." To the
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extent that this commdity-aggregation issue is real--and, however casual
the research community's general reluctance to_add comodity-specific

val ues woul d suggest that it is real--inplications for questions requiring
research are inmediately apparent. First, we nmust understand, define and
delineate the aggregate commodity (or nental account) relevant for any
specific environmental improvenent. Secondly, experiments are required for
testing nmeans by which val ues which are appropriately attributed to the
aggregate comodity can be allocated to the disaggregated commodities which
are the "attributes" of the aggregate commodity.

A final problemof substantial substance identified in the study is
the perplexing role of individual perceptions in their fornulation of CV

val ues.
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CHAPTER |

THE NATI ONAL PARKS VI SIBILITY EXPERI MENT

A. VARIATIONS IN FRAM NG

A. 1 Introduction

The credibility of the contingent valuation approach hinges upon
the stability of bids offered for a nonmarket good. Stability, in turn,
depends on the extent to which the respondents are induced to research
their preferences. The depth of a respondents research into his/her
preferences depends on two critical factors: (1) how well the nonmarket
good is specified; and (2) the quality of the survey design.

As suggested previously, recently conpleted research inplies that
results between benefit estinmates for public goods derived from hedonic
net hods and those derived from contingent valuation nmethods (Brookshire, et
al., 1982; Cummings, et al., 1978) are approximtely equivalent. Two
criticisns of the contingent valuation technique have been raised. First
that respondents could casually bid any anount, without weighing the
opportunity costs inplicit in their bids; and second, the bids obtained may
possess an upward bi as because contingent val uation surveys heretofore have
sought bids for individual or single public goods in isolation, rather than
within an environnent in which other public goods may, realistically, have
to be purchased as well.

A third issue which has been raised is Randall's prediction that the
individual's initial bid, taken froma payment chart, may not fully capture
his maximum willingness to pay.

The goal of the experiment outlined in this section is investigation
of the relationship between bid stability and good specification, as well
as effectiveness of alternative nmethods for inducing "preference research".

An outline for the remainder of this section is as foll ows:
sub-section A 2 presents the survey design, sub-section A 3 reports on the
results of the survey, and finally, conclusions are given in sub-section
A 4.

A 2 Survey Design

The survey instrument is enployed to address a multiple set of
issues in the problem of valuing nonmarket goods. The survey was
structured into four sub-experinents. In each of these, bids were
solicited for the sane well-defined public good, visibility at the Grand




Canyon National Park. Specification of this good was assured by presenting
all respondents with the same set of photographs of known visibility levels
at particular sites as well as identical supplenmentary infornation.
Variable across the four sub-experinents were: (1) the presence of budget
constraints, (2) introduction of other well-defined public goods, (3)
addition of a vaguely defined public good, and (4) use of an iterative
procedure to elicit any differential between initial bid and the maxinmm
willingness to pay.

Common to all four surveys were the following steps. The surveys were
initiated with interviewers introducing thenselves and presenting the
purpose of the study. After an introduction, a brief explanation of the
causes of poor visibility was given. Next, photographs of the sites were
shown to the respondents. These photographs were arranged in five colums
representing visual air quality ranging from very poor in Colum A to very
good in Colum E with Colum C depicting the average level of air quality.
At this stage of the interview, data gathering began. Al four surveys
began with questions concerning frequency of the household' s past and
future park visitation. Beyond this point, divergence between the four
surveys occurs.

The First Experinent began by asking people how nuch they would be
willing to pay per nonth as an increase in their electric utility bills to
preserve the average level of air quality (Colum C) rather than having it
deteriorate to the level shown in Colum B. This initial bid was obtained
by handing the respondents a payment chart with different dollar amunts
listed and asking himher to select one of the figures. This bid is called
the initial willingness to pay bid. Now, to test Randall's hypothesis that
the initial bid does not fully capture Maxinmum willingness to pay,
participants were asked the follow ng question. "Suppose that with all
househol ds paying your initial bid, this anount of noney was insufficient
to permt preservation of visibility level C at the Gand Canyon, would you
be willing to pay one dollar nore?" |f the answer was positive, the
question was repeated. This process is iterated until the participant will
pay no nore, and the total bid thus obtained is terned the "maxi num
willingness to pay". To test whether the individual's true preferences
have been captured, we introduced into the consunmer's opportunity set, the
option of buying another familiar, hence well-defined, public good and
observed whether the tendency to buy quantities of this newy introduced
good nodifies the respondents maximum willingness to pay for visibility in
the Gand Canyon. Since this survey took place in the relatively snmoggy-
city of Denver, Colorado, we chose to introduce an inprovenent in air
quality in Denver as the other, famliar, well-defined public good. This
was acconplished by asking the respondents the followi ng question.

"Suppose that another surveyor came tonorrow and asked how much you woul d
be willing to pay to see air quality inproved in Denver, would you still be
willing to pay the maxi mum amount you have indicated for the Gand Canyon?"
If the respondent did not alter his previous bid, that fact may be taken as
evidence that his true preferences have been revealed. |f, on the other
hand, the individual's bid changes when this other public good (air quality
in Denver) is introduced, then this would inply that the dollar anount
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obt ai ned through the Bidding Game fails to correspond with his/her true
willingness to pay, i.e., the respondent's true preferences.

The Second Experinent differed fromthe First in tw respects. First
the question regarding the other well-defined public good, local air
quality, was deleted from the survey. Second, before the bidding process
began, the individual was confronted with his budget constraint. This was
acconpl i shed by (1) asking the household to reveal its nonthly net income
and (2) requiring this figure to be allocated between five categories:
housing/utilities, food, recreation/entertainnent, transportation, savings,
and finally other expenses. Only after giving this budget information was
t he respondent handed the paynent chart and asked to select his wllingness
to pay to preserve the average level of visibility in the Gand Canyon
through increases in his nmonthly electric utility bill. Once this figure
was obtained the iterative procedure was enployed to elicit his maximm
willingness to pay. At this point the individual was requested to indicate
whi ch of the expenditure categories would be decreased in order to finance
his contribution to the mai ntenance of present air quality at the Grand
Canyon. This introduction of a budget constraint was designed to confront
the individual with the opportunity costs entailed by his bid, and thus to
stinulate preference research. The latter is desirable because when the
i ndi vi dual undertakes substitution out of other commvodities and into air
quality at the Grand Canyon, he is brought to focus in a concrete way upon
his actual valuation of the public good

The Third Experiment differs fromthe Second in several ways. First
the budget constraint analysis was elininated. Second, rather than
introducing visibility at the Gand Canyon by itself as the public good to
be purchased, in this experiment the good offered consisted of the
wel | -defined conposite commodity made up, sinmultaneously, of visibility at
the Grand Canyon together with visibility at five other national parks in
the region, Zion, Bryce, Mesa Verde, den Canyon, and Canyonl ands Nationa
Parks.  Photographs of the various parks as well as of different pollution
| evel s were used to assure that this conposite public compdity was
well-defined in the mind of the bidder. The third difference was in the

introduction of an ill-defined public good, in addition to the Grand Canyon
whi ch included "all 36 of the 77 national parks in the U S. which are
threatened with significant visibility deterioration". The sinultaneous

ot her public good was introduced to observe whether the bid for preserving
visibility at the G and Canyon would be affected by the concurrent presence
of other well-defined public goods. The survey question was phrased as
follows: "how much extra would you be willing to pay, at nost, per month as
an increase in your electric utility bill to preserve current average
visibility as represented by the photographs in Colum C rather than have
the average deteriorate to that shown in Colum B. Please give two
separate bids, one for the Grand Canyon and one for the other regiona

parkl ands conbi ned". As before, the iterative procedure was enployed to
elicit the individual's maximum willingness to pay. The inclusion of al
other threatened parks in the nation was ainmed at focusing the respondent's
attention on the presence of the other vaguely defined public goods present
in his choice set with the goal of discovering what effects this mght have
on bids given for the Gand Canyon. This question was phrased: "assum ng
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you are willing to pay to see air quality preserved in all these other
areas, would you still be willing to pay the same anounts for the Gand
Canyon and for the regional parks you initially indicated?"

The Fourth Experinment was identical in all respects to the Third, with
one exception. It included initial bids sinmultaneously for the Gand
Canyon and for other well specified public goods, followed by a procedure
to elicit the respondent's maxinum willingness to pay, and finally it
offered a chance to revise these bids after the participant's attention had
been focused on the presence of air quality problems at remaining national
parks for which he night want to expend some portion of his budget as well.
The one difference in this experinent was the addition of the budget
constraint. As in the Second Experinent, the procedure here was to solicit
budget data before the bidding process was begun.

Each of the four experiments concluded by seeking the follow ng set of
soci oeconomi ¢ data: home zip code, place of residence (rural, suburban,
urban), education, age group, sex, size of household, whether the
respondent was the prinary income earner, and finally a note was nade if
additional information was used.

The survey was conducted in Denver, Colorado, during the sunmer of
1982. 172 interviews were conpleted, by five nale/fenale teans, each
equi pped with identical picture boards. Two census tracts were chosen
randomy from mddle income tracts in the 1970 census data, and every
househol d in these tracts were approached (see Table 2.1). The survey was
restricted to mddle incone fanmlies for two reasons. First, because tine
and financial resources were constrained, and second, due to the limted
sanple size, it was necessary to hold the incone variable constant, which
permtted conparison of results across all four sub-surveys conducted.
This restriction to mddle incone strata only requires qualification of any
experinental conclusions. Extension of the experinent across |ower and
hi gher income brackets as well as the expansion of the sanple size may
pernmt generalization of our conclusions.

A.3 Survey Results

This sub-section presents in summarized form the information
collected in the surveys described in the preceding section. Al values
are nmeans with their standard deviations in parentheses. Past and future
visitation for the different sites are shown in Table 2.2. Table 2.3
presents nonthly incone and its allocation into the six expenditure
categories mentioned above, which together with the bids are used to derive
income, cross, and own price elasticities. Presented in Table 2.4 are
initial and maximum bids for visibility in the Gand Canyon, with and
wi t hout budget constraint, in the various contexts of the different
conbi nations of other public goods. Included here are (1) the introduction
of well defined, sinultaneous other public goods as represented by
preservation of visibility at the four regional national parks, (2)

i nprovenent of air quality in the Denver metropolitan area, and (3) the
vaguely defined other public good, preservation of air quality throughout
the entire national park system Finally, Table 2.5 presents socioecononc
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TABLE 2.1

DESCRI PTION OF THE AREA SAMPLED FOR THE NATI ONAL PARK SURVEY

DENVER METROPOLI TAN AREA

conmuni ty/ Boundaries of Census b Mean c
Area the Sanple Tract % Black Income
Number
Denver West: Mnaco 68. 01 1% 17,774
North: Yale Ave.
Sout h: Hanpton Ave.
East: Syracuse
Denver West: [1-25 69. 01 . 05% 14,405
North: Evans
South: Yale Ave.
East: Quebec

qpefined in the maps of, Census tracts Denver, Col orado Standard
Area: 1970 census of Popul ati on and

Metropolitan statistical

Housi ng,

U S. Departnent

Publication PHC(1.)-56.

b
i bid.

From Table P-4

“From Table P-1 "General

i bid.

of Commer ce,

"I ncone Characteristics of

Bureau of the Census

the Popul ation:

Characteristics of the Popul ation:
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TABLE 2.2

PAST AND FUTURE VISITATION DAYS

PAST FUTURE PAST FUTURE PAST FUTURE PAST FUTURE PAST FUTURE
GRAND CANYON GRAND CANYON ZI10N ZION MESA VERDE MESA VERDE BRYCE BRYCE CANYON CANYON
Experiment 1 1.02 2.70
(2.40) (2.81)
Experiment 2 2.17 4.37
(3.31) (4.40)
Experiment 3 .94 2.94 .31 2.26 1.69 2.94 .31 1.69 .49 1.40
(2.68) (3.83) (1.08) (3.69) (3.09) (4.04) (1.11) (2.35) (1.34) (2.40)
Experiment 4 1.78 3.25 .67 1.50 1.69 3.08 .36 1.69 .49 1.04
(3.36) (2.97) (1.59) (2.16) (2.12) (3.77) (1.27) (2.55) (2.68) (3.53)

Experiment 1 = Base

Experiment 2 = Base

Experiment 3 = Base

Experiment 4 = Base

survey + Maximum Willingness to Pay + Denver
survey with budget constraint + Maximum Willingness to Pay
survey with other regional national parks + Maximum Willingness to Pay + all remaining national parks

survey with other regional national parks with budget constraint t Maximum Willingness to Pay + all

remaining national parks



TABLE 2.3

MONTHLY EXPENDITURES ($)

INCOME*
(MONTHLY) HOUSING FOOD REC. TRANSPORT SAVINGS OTHER
Experiment 2  1866.00 514.85 298.28  127.41 127.14 219.00 580.42
(682.72) (310.74) (146.19)  (111.49) (150.45) (202.74) (486.61)
Experiment 4  2372.50 573.97 306.95 172.50 129.16 430.69 765.05
(1034.15) (267.43) (141.59) (144.99) (89.98) (605.31) (710.65)

9

Experiment 2 = Base survey with Budget Constraint + Maximum Willingness to Pay

Experiment 4 = Base survey with other regional national parks with budget constraint + Maximum
Willingness to pay + all remaining national parks

*

numbers in parentheses are standard deviations
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TABLE 2.4

BIDS ($)
INITIAL* INITIAL MAX IMUM MAX IMUM NEW BID NEW BID
GRAND CANYON REGIONAL GRAND CANYON REGIONAL DENVER GRAND CANYON REGION
Experiment | 5.69 9.20 6.03
(7.21) (11.54) (7.58)
Experiment 2 6.77 10.39
(6.16) (10.02)
Experiment 3 5.21 5.53 8.31. 9.60 8.03 9.25
(6.18) (6.94) (10.43) (13.36) (10.43) (13.43)
Experiment 4 6.40 8.14 8.06 10.51 7.57 9.98
(9.07) (11.29) (9.61) (13.40) (9.19) (13.00)

Experiment
Experiment

Experiment

Experiment

Base survey + Maximum Willingness to Pay + Denver

Base survey with budget constraint + Maximum Willingness to Pay

Base survey with other regional national

remaining national

Base survey with other regional national
Willingness to Pay + all

parks

*numbers in parentheses are standard deviations

remaining national

parks + Maximum Willingness to Pay + all

parks with budget constraint + Maximum
parks



data which includes the nunber of respondents in each sub-survey,
education, age, famly size, income, and nonthly electric utility bills

Thi s subsection provides statistical answers to the questions which
motivated the study. Primary anong our objectives was to test the
credibility of the Bidding Gane technique through testing the stability of
peopl e' s hypothetical valuations of a public good in differing opportunity
environments.  Variable across these environments were both choice set and
budget constraint. A further question investigated was Randall's
hypothesis that initial bid will always fail to fully capture maxi num
willingness to pay. The appropriate statistical test for hypotheses in
whi ch the dependent variable is influenced sinultaneously by severa
i ndependent variables is the f-test. In the present instance we wish to
determ ne whether the bids are influenced by different conbinations of
vari ables, including budget constraint, well-defined simultaneous other
public good, vaguely defined other public goods, and iterative elicitation
of maxi mum willingness to pay, thus the f-test is enployed

The f-test procedure is as follows: (1) formulate H t he nul
hypothesis, that the means of two different experinents 8re equal; (2)
fornulate H,, the alternative hypothesis that the neans of two experinents
are unequalj (3) assuning B is true, the data for the two experinents are
pool ed. The pool ed bid dat8 becomes the i ndependent variable in the
restricted nmodel; (4) assuming H, is true, the data for the two experinents
shoul d remain separate, the unrestricted nodel is thus forned; (5) using
suns of squared errors, nunbers of observations, and the degrees of freedom
in both the restricted and unrestricted nodels, the f-statistics can be
calculated; (6) finally, if this f-statistic is smaller than the critica
f-val ue associated with the pre-selected | evel of significance, then the
nul | hypothesis cannot be rejected, otherwise the alternative hypothesis is
accept ed.

The first test inquires into whether there existed any significant
differences among initial bids obtained in the four experiments. The
f-statistic in this case was .217, f-critical was 2.60 with 95% confi dence
Thus, the null hypotheses (initial bids are equal) cannot be rejected

The second test conpares maxinum bids across the four experinents.
The calculated f-statistic was .479 and the f-critical with 95% confidence
is 2.60. Thus, the null hypothesis again cannot be rejected: there is no
significant difference among maxi mum bids across survey types.

Using the results of the first two tests, initial bids across the
four experiments are pooled, as can be the maxi num bids. These two
aggregate quantities are now tested for significant differences. Fornulate
Hthe pooled initial bid is equal to the pooled maxi mum bid. The
alternative hypothesis then is that these two quantities are unequal. The
f-statistic in this case was 9.646 and the f-critical with 95% confidence
was 3.84. Thus, the null hypothesis is rejected: the initial bid is not
equal to the maxinmm bid.
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TABLE 2.5

SOCIOECONOMIC DATA

# OF YEARS (X-1000)
RESPON. EDUC. ACE HH SIZE INCOME ELEC. BILL (%)
Experiment ! 64 15.09 41.89 3.38 37.38 57.34
(2.20) (12.91) (1.34) (16.14) (29.02)
Experiment 2 35 15.60 37.34 3.09 22.39 47.86
(1.99) (11.96) (1.42) (18.12)
Experiment 3 35 14.91 43.89 3.3 31.43 57.93
(2.13) (10.98) (1.43) (13.68) (27.39)
Experiment 4 36 15.83 38.25 3.00 28.47 53.61
(1.81) (12.28) (1.22) (29.10)

Experiment 1 =
Experiment 2 =

Experiment 3 =

Experiment 4 =

*
numbers

Base survey + Maximum Willingness to Pay + Denver

Willingness to Pay + all remaining national parks

Base survey with budget constraint + Maximum Willingness to Pay

Base survey with other regional national parks + Maximum

Base survey with other regional national parks with budget

constraint + Maximum Willingness to Pay + all remaining

national

parks

in parentheses are standard deviations
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The fourth test inquires whether the bids obtained for the Gand
Canyon under the introduction of the vaguely defined public good is
influenced by the presence of a budget constraint. The f-statistic in this
case was .044, f-critical was 3.84 with 95% confidence. Thus, the nul
hypot hesis cannot be rejected indicating that there exist no differences
bet ween bids obtained with and wi thout budget constraint. Using the result
of the fourth test we nmay pool bids for the Gand Canyon obtained with and
wi thout budget constraints. These bids were both nmade in the presence of
vaguely defined other public goods. The fifth test conpares this pooled
bi d agai nst the previously pooled maxi num bid. The f-statistic here was
.912 and f-critical was 3.84 with 95% confidence. Thus the null hypothesis
cannot be rejected, and we conclude that the introduction of a vaguely
defined other public good had no significant effect on the bids.

The sixth and final test investigates whether the previously pool ed
bid for the Grand Canyon was significantly affected by the introduction of
a well-defined public good, namely air quality in Denver. The f-statistic
in this case was 2.59 and the f-critical was 3.84 with 95% confidence
Again, the null hypothesis could not be rejected, and we conclude that the
introduction of this well-defined public good had no significant effect on
the bids.

In summary the bid was not affected by the introduction of
si mul taneous other well-defined public goods, vaguely defined other public
goods, or the budget constraint. The only variable which significantly
affected the bid was the iterative procedure to elicit the maxinmm
Wi llingness to pay. |In other words, the initial bid was not equal to the
maxi mum bi d.

A. 4 Concl usi on

Thi s experinment addressed three issues. The first of which was
the criticismthat due to the hypothetical nature of the bidding
transaction respondents could casually bid any amount without having to
wei gh the opportunity cost inplicit in their bids. This question was
tested by conparing the results obtained from two sub-surveys. One of
whi ch sought bids wi thout a budget constraint, the other first confronted
respondents with the limtations inplicit in their budgets, and only then
solicited bids. The results: "no statistically significant difference was
observed in this case. This stability of bids, i.e., invariance with
respect to the budget constraint has been rationalized as being due to the
fact that the Bublic good, visibility at the Gand Canyon, is
well-defined."”

The contingent valuation technique has al so been criticized for
seeking bids for public goods singly, in isolation froman environment in
whi ch the individual would realistically have to purchase many other public
goods at the same tinme. This criticismwas tested for validity.

Conbi nations of two famliar, hence well-defined, public goods, and one
vaguel y defined public good were introduced in an effort to perturb the bid
offered. Statistical testing showed no significant difference in these
additional goods. Again, this stability has been rationalized as stemming
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fromthe fact that visibility at the Gand Canyon was well-defined in the
m nds of the participants.

The third issue tested in this experinent was Randall's hypothesis
that the initial bid will fail to capture full maxinmm willingness to pay.
Initial bids were solicited, then an iterative procedure was enployed to
elicit maxinmum bids. Statistical testing of these two bids showed that the
maxi mum bid was significantly greater than the initial bid in all cases.

The Bi dding Game technique will be credible, first because the good is
wel | -defined, and secondly because of a sound survey design. These two
factors contribute to the inherent stability of all elicited bids. The
experiments which we have conducted have statistically borne out that the
bi d responses were not altered significantly when adding these additiona
constraints (as explained earlier in experiments 1-4).

B. COWPONENT VALUES

B.1 Introduction

Up to this point we have been using the Contingent Valuation
Techni que to obtain neasures of the value of preserving present visibility
level s at the Grand Canyon. The phrase "Preservation Val ue" has been
enmpl oyed to denote the value placed, via the bids, on the public good
Krutilla (1967) suggested that benefits of preserving an environmental good
can be sub-grouped into option benefits, existence
benefits, and bequest benefits; in addition to benefits in actual use

In this chapter the bids obtained for preservation of visibility at
the Grand Canyon are broken down into the above categories in an effort to
weigh their relative magnitudes. This will provide enpirical evidence on
the nonetary significance of these values to assist in the devel opnent of
environmental policy. Schulze, et. al. (1981) found that existence value
surprisingly swanped the user value. Al though this experinment was designed
differently from Schul ze, et al., but a conparison of the results obtained
in these studies is required

The remai nder of this section is structured as follows: The survey
design is presented in sub-section B.2. Sub-section B.3 reports the survey
results, and finally, sone concluding remarks are offered in sub-section
B. 4.

B.2 Survey Design

The Contingent Valuation Technique was utilized in this
experiment as it was throughout this paper. The theoretical construct of
this technique was fully explained in Chapters 2 and 4, thus this section
concentrates only on explaining the structure of the questionnaire used in
this study.

The "conmodity" to be considered here is visibility at the Gand
Canyon National Park. To collect information through the survey technique,
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the following steps were taken: the su.ncvey‘s was initiated with
interviewers introducing thenselves and presenting the purpose of the
study. After the introduction, a detailed description of the Gand Canyon
and the causes of poor visibility was given to each household interviewed.
The respondents were shown a display of Gand Canyon photographs. These
phot ographs represent five levels of visibility during norning and
afternoon hours |ooking east and west from Hopi Point at the Gand Canyon.
Col um A represented poor visibility; B, below average; C, average
visibility, D, above average and E, good visibility. in conparing colums
respondents could see the variety of air quality conditions and resulting
levels of visibility to be observed in the G and Canyon. The rows
represented the different vistas while standing at Hopi Point. The first
row represented the different visibility and air quality conditions |ooking
east, in the norning, Hopi Point. The second row represented norning
conditions looking west, and the third row represented the view |ooking
west in the afternoon fromthe sane point. Past and future visitation by

t he household for the site was obtai ned by asking: how many days have you
spent visiting the Grand Canyon National Park in the last 10 years? How
many days do you expect to spend visiting the Grand Canyon National Park in
the next 10 years? |In the next step, respondents were asked to state their
mexi mum wi I i ngness to pay in higher electric utility bills if the extra
noney col lected woul d be used for air pollution controls to preserve
current air quality and visibility levels at the Gand Canyon. W must
note, that this constitutes a direct attenpt to determine how nuch
preserving visibility at the Grand Canyon is worth to the household. In
other words, the household was asked to state willingness to pay by an
increase in their electric utility bill to preserve current average
visibility as represented in Colum C rather than have the average
deteriorate to that shown in Colum B.

If willingness to pay (WIP) was zero, individuals were asked to check
one of the following: (1) the air quality inprovements represented in the
colums were not significant, (2) the source of air pollution should be
required to pay the costs of inproving the air quality, or (3) other
(please specify). Then the conponent value questions were del eted and the
respondents were only asked a set of socioeconom ¢ questions.

If the WIP was positive, then the interviewers were asked to proceed
with the conponent value questions. This part of the survey was designed to
"breakdown" the Preservation Value Bid into its four possible conmponents.
Consequently there are four reasons why the individuals mght be willing to
preserve the environnmental quality.

a. The first reason you mght be willing to pay for preservation is
Actual User Value. That is, when you actually visit the Grand Canyon, you
woul d rather have air quality at "C' rather than at "B". Thus, you shoul d
be willing to pay sone anmobunt to preserve air quality for each day of their
own use if their recreation experience is inproved by air quality at "C'.

b. The second reason is Option of Use Value. Al though you m ght be
uncertain as to whether or not you will ever visit the Gand Canyon, you
mght be willing to pay to preserve your "Option of Use" to visit the

68



G and Canyon under conditions represented by "B'. Thus, you nay be willing
to pay an extra anount above User Value to insure good visibility at the
Gand Canyon if you decide to visit.

c. The third reason is called Existence Value. Whether or not you
ever visit the Grand Canyon, you are willing to pay solely to ensure the
exi stence of air quality conditions at the Grand Canyon for the benefit of
your generation as represented by "C' rather than those represented by "B".

d. The fourth reason is Bequest Value. This category is closely
related to Existence Value as defined above, however, in this case, you
must be willing to pay to preserve air quality conditions at the Grand
Canyon for the benefit of future generations.

In the last part of the Survey every respondent was asked a set of
soci oecononic variables in the following order: hone zip code, place of
residence (rural, suburban, urban ), educational level, age, sex, size of
househol d, whether the respondent was the prinmary inconme earner,
househol d's yearly incone, month%y electric bill, and finally, note if
additional information was used.

The Survey was conducted in Denver, Co. in the fall of 1981. 75
interviews were conpleted by three nale/female pairs each equipped wth
identical picture boards. These were equally divided into high, low, and
income famlies. the sanple were chosen in a random fashi on where incone
class variation was an inportant factor in determining the sanple areas.
Data from 1970 Census Tracts were used, and Table 2.6 describes, in detail,
the areas sanpled and provides sone relevant Census Tract information.

B.3 Survey Results

This section presents results obtained from information collected
in the survey described in the previous section. Al values are "nmeans"
with "standard deviations" in parentheses. Past and future visitation for
the Grand Canyon National Park is shown in Table 2.7. Anong all
respondents interviewed, 36.9 percent have visited the Gand Canyon, while
67 percent indicated they plan to visit the site sonetine in the future.

As was the case in previous experinents, past visitation had very little
influence on bids, while future visitation plans did have some influence on
bids for the Grand Canyon.

Table 2.8 presents the various socioecononic and denographic
characteristics of survey respondents. These variables are, nunber of
observations, |evel of education, age group, size of household, yearly
incone (gross), and nonthly electricity bill. Additional information not
included in Table 2.8 were (1) 64% of the respondents were primary incone
earners, and (2) that 55% of the respondents were male.

Survey respondents were asked how nmuch they would be willing to pay as
an increase in electric utility bills to prevent average visibility
deteriorating fromsituation "C' to situation "B". This "preservation
val ue" bid is paid whether or not the respondent actually uses the Grand
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TABLE 2.6

DESCRI PTI ON OF THE AREA SAMPLED FOR THE NATI ONAL PARK SURVEY
DENVER METROPQOLI TAN AREA

Census
Conmuni ty/ Tract a b Mean
Area Boundaries of the Sanple Number 7ZBlack Income

West: University Blvd.
Denver North: Al ameda 39.01 1 25, 892
South: M ssi ssi ppi
East: Col orado Bl vd.

West: Holly
Denver North: 23rd Street 40. 02 1 21, 000
Sout h: Col f ax
East: Quebec
West: Feder al
Denver North: 19th Street 8 9 4,142

South: 6th Street
East: River

8pefined in the maps of, Census Tracts Denver, Colorado Standard
Metropolitan Statistical Area: 1970 Census of Popul ati on and Housi ng

U S. Departnent of Conmmerce, Bureau of the Census, Publication PHC(1.)
- 56.

bFrom Table P-4, "Income Characteristics of the Popul ation:1970," ibid.

CFrom Table P- 1, "General Characteristics of the Popul ation:1970," ibid.
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TABLE 2.7

MEAN NUMBER OF DAYS FOR PAST AND FUTURE VI SI TATI ON

G and Canyon*

Past 10 years 2.41
(11. 40)
Next 10 years 4.35
(11.57)

*
nunbers in parentheses are standard
devi ati ons
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TABLE 2.8

SOCI OECONOM C  CHARACTERI STI CS

Nurmber of Educati on Age Househol d Incone  Electricity
Qos. (years) (years) size (yearly) (nont hly)
x$1000
Denver 75 14. 95 43.5 2.32 32.695 55. 33
(2.37) (14.62) (1.05) (21.74) (42.30)

*

nunbers in parentheses are standard deviations



Canyon. The preservation value bid and its break down into: (1) user

value, (2) pure existence value, (3) option value, and (4) bequest value is
shown in Table 2.9. O the respondents 67 percent are classified as users
while 33 percent are nonusers. Thus, the user value for the latter group
is zero. bequest value is the largest and the user value is the smallest
among these values. Schulze, et al. (1981) found that the user value is a
smal | portion of the preservation value. Qur experiment resulted in a user
value which is approximately 8 percent of the preservation val ue

Therefore, anong all these conponents, which sum up to the preservation
value, for the Gand Canyon, the user value is the least significant.

Finally, if an individual was not willing to pay (i.e., zero bid), he
was asked to check one of three reasons for a zero bid. They are: (1) the
air quality inprovenents represented in the colums were not significant,
(2) the source of air pollution should be required to pay the costs of
improving the air quality, and (3) other (please specify). Table 2.10
illustrates the zero bids by reason for all preservation value respondents.
A total of 16 individuals expressed a zero bid, and only two persons
indicated "not significant" as their reason for bidding zero. This snal
nunber indicates that visibility at the Gand Canyon shown by the
photographs is significant to the respondents.

B. 4 Concl usi on

The purpose of the experiment as developed in this chapter was to
devel op and apply the contingent valuation techniques in order to neasure

user, existence, option and bequest values. Schulze, et al., (1981) found
that the annual preservation value of the Grand Canyon, nationwi de,
approaches 3.5 billion dollars, but user value is on the order of tens of

mllions of dollars. Thus, user value is only a small fraction of
preservation val ue

The respondents in this survey were divided into two groups: (1)
non-users (participants who have never visited the site and have no future
plans to do so), and (2) users (respondents who do have future visitation
pl ans).

"User value" for non-users is, of course, zero. "User value" for
users is $0.62 for an air quality inprovenent from"B" to "C'. Brookshire,
et al. (1982) recorded $1.08 for the same air quality inprovenent, this
amount, however, included user and option va%ue. Thus, in our study, the
sum of option and user value would be $1.28. Therefore, the results of
this study are very close in conparison to those results determ ned by
Brookshire, et al. (1982).
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TABLE 2.9

PRESERVATI ON VALUE BID AND ITS COVPONENTS

Reason Bi d*
User Val ue .45
(1.04)
Option Val ue . 67
(1.66)
Exi stence Val ue 1.42
(3.63)
Bequest Val ue 2.54
(5. 25)

TOTAL
Preservation Value Bid 5.09

*

nunbers in parentheses are standard deviations
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TABLE 2.10

ZERO BIDS BY REASON AMONG PRESERVATI ON
VALUE RESPONDENTS

Not Significant Source should Gt her Tot al
Pay
Denver 2 5 9 16
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The actual survey is given in Appendix C

Addi tional information concerning the scientific basis of photographs,
cause of poor visibility, list of industrial facilities, and finally,
a map of the area was supplied upon request.

The Grand Canyon had 2,131,700 individual visits in 1979 or about

761, 300 household entrances, assumng one household equals one

carload. Using $1.08, the average househol d bid per visit to nmaintain
visibility at level C-the current sumrer average rather

than the poorer condition B, on the day of the visit--then $1.08

times 761,300 = $822,204. Using the $1.28 figure, the average
househol d bid for the sane air quality inmprovement, the result

is ($1.28) * (761,300) = $944,012. Here again is another evidence

for closeness in the results.

Also, the aggregate of these values can be obtained

Aggregate User Value = (mean user bid) * (number of visits)
Aggregate Option Value = (nean option bid) * (potentia
visits)
Aggregate Existence Value = (nmean existence bid) * (nunber of
househol ds)
Aggregat e Bequest Val ue = (nean bequest bid) * (nunber of
househol ds)
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CHAPTER 111

THE NATI ONAL WATER QUALI TY EXPERI MENT

A. | NTRODUCTI ON

The aggregate bid experinent to be discussed below is notivated by
both previously discussed experinents and raises the follow ng questions.
First, the disaggregate bid experinment focuses upon a specific,
wel | -defined conmmodity for a small geographic region. Gven the
difficulties of aggregating such a bid, a question of interest beconmes: is
it possible to obtain a defensible aggregate, or national, bid for such
comodi ties through the use of contingent valuation (CV)? Second, does the
potential for obtaining national, aggregate bids depend on how well the CV
commodity is defined? Specifically, can the aggregate commodity, "cleaning
up the nation's rivers" (or air) be valued utilizing the contingent
val uation nethod?

Thus, the primary purpose of the aggregate bid experiment is to
eval uate the usefulness of applying the contingent valuation nethod to
eval uating progranms that are described generally and, additionally, have no
uni que geographic anchor in the description of the program For instance,
the inprovenent could be described as an average increase in air or water
quality nation-wide. Such an approach is, of course, in direct contrast to
the disaggregate experiment whereby as many dinensions of the contingent. 1
val uation mechanism as possible are specified. Gven that Mtchell et al,
introduced the aggregate bid method as a means for estimating social
benefits attributable to inproving water quality in the nation's freshwater
| akes and streans, their work will serve as a point of departure for the
aggregate bid experiment reported here.

A.1 The Aggregate Bid Experinment and CV |nstrunent

The aggregate bid experiment involves the administering of a CV
instrument, described below, to respondents in Denver, Colorado, during the
period March 20-28, 1982. A conplete set of CV instrunents used in the
aggregate bid experiment is given in Appendix E to this report. The basic
structure of the CV instrument is as follows.

1. Following introductions and explanations of the purpose
of the study, the water quality problem was defined via
a water quality ladder (see Figure 3.1). The |adder
defines the comodity "water quality" from a level "unsafe
for drinking or boating”" to a level safe for all activities
(the current, average water quality level was described as
level Cin Figure 3.1). The basic survey format is the



Best Possible
Water Quality

10

0

Worst Possible
Water Quality

Figure 3.1

Water Quality Ladder
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x x X X

Safe Drinking Water

Safe for Swimming

Clean Enough for Game Fish, like Bass
Okay for Boating

Safe for Swimming
Clean Enough for Game Fish, like Bass
Okay for Boating

Clean Enough for Game Fish, like Bass
Okay for Boating

Okay for Boating

Safe—for—Swimming
S for—G Fieb—tike B
Okay—for—Beating



same as that used by Mtchell and Carson except that in
their study, the ladder describing water quality utilized
pi ctures whﬁreas water quality is verbally described in
this study.

At this point in the CV instrunent, the respondent has been introduced to
either a single comodity--i.e., water quality--or two different
comodities--air and water quality. The CV instruments were further
differentiated at this point by pursuing one of the follow ng procedures:

2. An inprovenment in water quality fromC to B is posited
coupled with a willingness to pay question. The respondent
was handed a paynent card to facilitate bidding.

3. A question is asked as to why the respondent bid zero if in
fact they did bid zero.

4. Finally, denographic data was collected for: zip code
rural, suburban or urban, education level, age, sex, and
size of household and prinmary incone earner.

A summary of denographic characteristics for participants in the
aggregate bid experiment are given in Table 3.1. Years of education
average 14.7, average age is 38.9 years and, as expected, there is an
i nverse relationship between the percent who are female (52 percent) and
the percent who are primary inconme earners (37 percent). Average sanple
size is 3.4 persons/household, and average nonthly, after tax, incone is
$1,633.50 (standard deviation: $815.64).

The average (standard deviation) bid for the posited inprovenent in
wat er quality was $6.50/ nonth ($8.48). This value, conparative to bids
obtained in the Mtchell study, will serve as our "baseline" bid against
which will be conpared effects of alternative changes in the CV instrunent
designed to induce "preference research" as explained above

B. ADDI NG A BUDGET CONSTRAI NT

In the aggregate bid experinment, the budget constraint is--as in the
policy bid experinent --introduced prior to eliciting the individuals bid
for inproved water quality. The itens included in the budget constraint
are the same as those used in the policy bid experinent. For reasons that
will be come apparent fromour anal yses of results, however, two different
nmet hods for introducing a budget constraint were used in this experinent:
a "budget constraint" and an "extended budget constraint." The "budget
constraint” nmethod is identical to that used in the disaggregate bid and
policy bid experinents. For the extended budget constraint nethod, a
payment card is not used. The respondent is sinply asked to rearrange
hi s/ her nonthly expenditure pattern (information for which is acquired
first) to reflect his/her maximumw | |ingness to pay for the posited
i nprovenent in water quality--the individual, |ooking at his current
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TABLE 3.1

DEMOGRAPHI C CHARACTERI STI CS FOR PARTI Cl PANTS
IN THE AGGREGATE BI D EXPERI MENT

Sampl e Si ze:

Aver age
Aver age
Per cent
Aver age
Prinary

Aver age

Years of Schooling:
Age (years):

Mal e:

Househol d Si ze:

I ncome Earners (percent):

Monthly (after-tax) |ncone:

80

217
14. 86
37. 22
56. 53
3.26
56. 04

$1764. 90



pattern of expenditures (Table 3.2a) fills out a new budget (Table 3.2b)
paynent card is not used. The respondent is sinply asked to rearrange

hi s/ her monthly expenditure pattern (information for which is acquired
first) to reflect his/her maximum willingness to pay for the posited

i nprovenent in water quality--the individual, l[ooking at his current
pattern of expenditures (Table 3.2a) fills out a new budget (Table 3.2b)
where water quality is included as a budget item Thus, we focus upon the
effects of two different budget constraints in understanding the
respondents “researching of preferences."”

Table 3.3 (discussed later) presents the nean bids and nmean income for
the surveys divided into two groups for conparison of the effect of a
budget constraint. Effects of introducing an additional public good upon a
bid for a single commodity will be discussed in Section C. Since we are
focusing in this section upon the effects of introducing a budget
constraint to a bid elicited in the absence of a budget constraint the
foll owing conparisons are relevant.

« Water Bid versus Water Bid with Budget Constraint
+ Water Bid versus Water Bid with Extended Budget Constraint
« Water bid with Budget Constraint versus Water Bid with

Ext ended Budget Constraint

Focusing on the comparisons of bids, nean bids range from $6.50 for
the national average inprovenent from C to B as described by the ladder in
sub-section A1, to $26.00 for a water quality bid obtained utilizing the
ext ended budget constraint (Table 3.3). Thus from a rank ordering
perspective, introduction of either type of budget constraint into the
survey format in order to induce respondents to research their
preferences woul d appear to increase the bids. Table 3.4 gives the
deviations from the mean of water bids.

Exam ning Table 3.5, the water quality bid is statistically different
utilizing a nmeans t-test from the bid obtained utilizing either alternative
budget constraint. Further, in conparing the results of the different type
budget constraints a statistical difference is also found

Thus in focusing individuals on trade-offs through the use of two
different budget constraints the stability of the original water bid is in
question except in one case. However, note that the bids did not decrease
but in fact increased. This is in contrast to the policy bid experiment.
where the introduction of a budget constraint |owered the unconstrained
original bids. A possible explanation for the case at hand is that the
introduction of the budget constraints only further confused respondents
who did not view the commodity as being well defined. However, at this
point no evidence is available to support this contention. The role of the
commodity in these results, however, w |l be discussed in nore detail in
| ater sections.

C.  ADDING OTHER PUBLIC GOODS
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TABLE 3.2

BUDGET SHEETS COVWPLETED BY RESPONDENTS |IN THE AGGREGATE BI D EXPERI MENT:
EXPANDED BUDGET CONSTRAINT METHOD

-a-

FI RST BUDGET | NFORVATI ON REQUESTED

Monthly After-Tax |ncome $

Al l ocation To:

Shelter (includes utilities) $
Food $
Recreation/ Entert ai nnment $
Savi ngs $
Qt her $
-b-

BUDGET | NFORVATI ON REQUESTED W TH W LLI NGNESS TO PAY QUESTI ON

Monthly After-Tax |ncone $

Al'l ocation To:

Shelter (includes utilities) $
Food $
I Inproved Water Quality / $
Recreation/ Entertai nment $
Savi ngs $
O her $
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TABLE 3.3

MEANS AND STANDARD DEVI ATI ONS (I N PARENTHESES) FOR THE WATER BI DS
BY TYPE OF CV | NSTRUMENT

Type of CV Instrunent

(Sanmple Size) Mean Bid Mean | ncone
Wt er 6. 50 1633. 50
(56) (8.48) (815. 64)
Wat er; Budget Constraint 13. 40 1646. 20
(25) (13.65) (667.97)
Water; Extended Budget Constraint 26. 00 2070. 00
(28) (26.29) (1116.91)
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TABLE 3.4

DEVI ATI ONS FROM THE MEAN BY CV | NSTRUMENT
(Mean = 13.38)

Type of CV Instrunent N Deviation fromthe Conparison G oup Mean

Wt er 54 -6.88
Water; Budget Constraint 25 0
Water; Extended
12. 62

Budget Constraint 28

84



TABLE 3.5

t- STATI STICS, DEGREES OF FREEDOM AND RESULTS OF THE HYPOTHESES TESTS
CONCERNI NG THE EQUALITY OF ALL POSSIBLE PRICE OF MEAN WATER BI DS
OBTAINED BY THE VARI QUS CV | NSTRUMENTS
(t-statistics are given in absolute values)*

Water;

Type of Water; Budget Extended Budget
CV Instrument Water Constraint Constraint
2.77 5.07
(79) (82)
Water = <s==ses-co=- Reject H Reject H_
2.15
Water; (59)
Budget Constraint ==-=~--=--ss—-——-~-o—co-o——a-o Reject H0

*

Let X; = nean bid fromthe i N ov instrunent t echni que

Then: in each cell we test
H: X; = xj (i#3)
H: X, = Xj (i#3)

for exanpl e, Ho: mean bid obtained from the water only CV instrument are
equal to mean bid obtained from the water; budget
constraint CV instrunent

Ha: they are not equal

The t-statistic is .48, the nunber of degrees of freedom are 110 and we
fail to reject HO.

The critical values for the t-statistic are:

2.58 - 99% | evel
1.96 - 95% | evel
1.65 - 90% | evel
1.29 - 80% | eve

X, - X.|
Z = t i i#j; where: n, = the size of sanple
S = + = i=1, ..., 6
4 nj X = pool ed sanple standard
devi ation
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For the aggregate bid experinent, the "other" public good introduced
as an alternative method for inducing "preference research" is air quality.
To examine the effects of introducing air quality as a comodity on a bid
for water quality, an air quality ladder (Figure 3.2) is introduced in
conjunction with the water quality |adder (see CV instrument in Appendix
E). Thus, in the policy bid experinment, the individuals maximm
willingness to pay for the public good of interest (inproved water quality)
is elicited within a context wherein the individual's attention is focused
on other environmental problens, the nmitigation of which could also involve
costs.

Table 3.6 presents the mean bid and inconme. Examining the nean bids
and i ncome for the effects of focusing individuals on other environnmental
problems, we see that all appear relatively equal; in applying a test of
means this result holds statistically. That is, whether air quality is
introduced into a water only or water; budget constraint or water; extended
budget constraint we fail to reject the null hypothesis that the bid for
wat er quality obtained without consideration of all other environmental 3
problens is equal to a bid obtained in the context of an air quality bid.
The critical value for 90 percent confidence level is 1.65 while the
t-values in order of the conparison in Table 3.6 are respectively .48
1.33, and .13. Thus adding a public good does not affect the bid
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Best Possible
Air Quality

10

0

Worst Possible
Air Quality

Figure 3.2

Air Quality Ladder

Good Visibility--See Distant Vistas Clearly

Safe, Unrestricted Outdoor Activity for
Aged & Those with Respiratory/Heart Disease

Safe for Vigorous Outdoor Activity--Jogging

No Long Run Premature Respiratory or Heart
Disease Caused

Good Visibility-See—SBistantstas—Eiearly
Safe, Unrestricted Outdoor Activity for
Aged & Those with Respiratory/Heart Disease

Safe for Vigorous Outdoor Activity--Jogging

No Long Run Premature Respiratory or Heart
Disease Caused

Safe, Unrestricted Outdoor Activity for
Aged & Those with Respiratory/Heart Disease

Safe for Vigorous Outdoor Activity--Jogging

No Long Run Premature Respiratory or
Heart Disease Caused

No Long Run Premature Respiratory or
Heart Disease Caused

87



TABLE 3.6

MEAN AND STANDARD DEVI ATI ONS (I N PARENTHESES) FOR THE
WATER BI DS BY TYPE OF CV | NSTRUMENT

Type of CV Instrunent

(Sampl e Size) Mean Bid Mean | ncome

Wat er 6.5 1633.5

(56) (8.48) (815. 64)

VWater and Ar 7.29 1623. 8

(56) (8.29) (728.54)

Water; Budget Constraint 13.2 1646. 2

(25) (13.65) (667.97)

Water; Extended Budget Constraint 26. 00 2070.0
(28) (26.29) (1116.91)

Water and Air; Extended Budget Constraint 24.9 2198. 3
(27) (36.48) (1284. 76)
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The use of verbal descriptions was adopted to facilitate consistency
with and "air quality l|adder" discussed bel ow.

For the structure of the test, see Table 3.5.
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CHAPTER 1V

TEE HAZARDOUS WASTE EXPERI MENT

A. | NTRODUCTI ON

In the ozone experiment, reported on in Chapter V, as well as in the
di saggregate bid experinents (Chapter I11), the commdity used in the
contingent valuation studies was relatively well defined. In the case
where environnental risk was directly at issue (the ozone experinent),
i ndi vidual exposure to ozone and the effects of such exposure could be
spelled out in considerable detail. |In these instances where exposure and
exposure effects were well defined, changes in contingent values
attributable to changes in environmental risk (ozone |evels) were
consistent, in qualitative terns, with those that would be predicted from
expected utility theory. Thus, while individual perceptions of risk
associated with exposure to ozone are not, per se, neasured in the ozone
experiment--derivation of such measures is argued repeatedly in this volune
as a vitally inportant next step in contingent valuation research--the
framng of questions and information in the CV instrunent seem to affect
risk perceptions in a manner consistent with received expected utility
theory. This observation may be inportant for future efforts to measure
and explain risk perceptions as they relate to environnental risk

There are nmany sources of environnental risk subject to regulation by
the EPA which involve considerable uncertainty as to both exposure and
exposure effects. One such source arises in the disposal of hazardous
wast es. In the case of hazardous waste disposal, we know of cases where
stored wastes have entered the environnment; we know of cases where
i ndi vidual s have been exposed to uncontained wastes; and we know of
i nstances where danmmges from such exposure have occurred (damages from
ingested wastes by animals are documented; debate renmmins as to actua
damages to hunans, an area which we do not explore here). Notwithstanding
these observations, we can specify with any degree of conclusiveness
neither the nature, or probability of human exposure to hazardous waste nor
the probability of damages that night attend such exposure. Thus, unlike
the case with the ozone experiment, changes in environmental risk cannot be
used as a commodity in a ?ontingent val uation study of regulations on
hazar dous waste disposal

If one wishes to use the contingent valuation method as a nmeans to
estimate benefits attributable to nore stringent EPA regul ations on
hazardous waste disposal (e.g., a total containment policy), one nust then
look to a CV comodity other than changes in environnmental risk. One way
of defining such a commodity is suggested in a recent work by Dr. Tal bot
Page. Page poses the follow ng dilema facing society when uncertainty



exists as to exposure and exposure effects associated with toxic
subst ances:

a. In the face of this uncertainty, we (the EPA) can regulate
"today" and accept the associated costs. In the future, as nore
informati on and know edge develops, we can find: (i) we were
justified in inposing the regulation--the "dangers" in fact
warranted the regulation and it's associated costs, or (ii) we
were wong, we overregul ated, the "dangers" to public health and
safety were not of an order of nmagnitude to justify the costs
incurred as a result of the regulation.

b. W cannot regulate today, rather, we wait for more information
In this case, we can later find that: (i) we were justified in
wai ting--the dangers were overstated and we correctly avoided the
(ex-post) unnecessary costs associated with regulation, or (ii)
we were wrong, our waiting has exacerbated the threat to health
and safety.

Page's dilemma may be interpreted in the followi ng way for our
purposes. The CV commodity is an action (or policy) which has the effect
of a hedge against uncertain risks to health and safety. In valuing this
action, an individual nust weigh certain costs against uncertain benefits
(avoi ded health/safety risks). O course, an EPA regulation on hazardous
waste disposal is such an action or policy; in what follows we then refer
to a "policy comodity" the contingent valuation for which is called a
"policy bid".

Whet her or not the use of an EPA policy can serve as a viable
commodity in a CV study is a question to be addressed in this chapter. The
CV commodity aside, what is really at issue here, of course, is the
viability of the CV method per se as a nmeans for deriving credible val ues
for an environmental good which cannot be defined with any degree of
specificness. Qur experiences with the CV nmethod to date have al nost
al ways involved commodities amenable to specific definitions. These
experiences lead us to anticipate the potential for frami ng-types of
probl ens (see chapters Vand Il) in attenpts to apply the CV nethod to
comuodi ti es such as hazardous waste di sposal which are |lacking in
specificity. O course, questions as to the extent to which the
specificity of the CV commodity might linmt application of the CV nethod
provide the raison d etre for the experiments conducted in this chapter.

In this chapter, our concern wth experinental approaches for val uing
environnmental commodities is extended to that class of commodities
involving uncertain environmental risks, where regul ations on hazardous
wast e disposal are used as a case study. The specific objective of this
inquiry is that of addressing the followi ng related questions. In cases
where the nature of environmental risk is uncertain, and, therefore,

i ndi vi dual perceptions of such risk are of paranount inportance, can
fram ng of the CV instrunent affect risk perceptions (subjective
probabilities)? Further, with changes in risk perceptions, are resulting
changes in policy bids consistent, in qualitative terns, with those
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predicted by established nodels of expected utility theory. Finally, do
changes in the framng of the CV instrument result in policy bid changes
that are consistent with changes deduced from received theory of value?

As in our earlier contingent valuation experinents with other
environmental comodities, we do not attenpt in this chapter to neasure
i ndi vi dual perceptions of risk associated with exposure and/or danages. W
recogni ze the inportance of such neasures. However, we al so recognize the
i nportance of heuristic inquiries designed to provide the insights and data
requisite for the fornulation of informed questions and hypot heses that
will be inmportant in efforts to neasure and explain risk perceptions as
they are relevant for valuing changes in environmental risk. Thus, our
study as to the potential viability of the policy bid approach proceeds
within this exploratory context wherein insights and data are acquired via
heuristic inquiry.

To the ends described above, the plan of our policy bid experinment
and, therefore, the balance of this chapter, is as follows. In Section B
we devel op and notivate hypot heses which are to be tested fromdata
obtained via a contingent valuation study based on the policy bid approach.
Hypot heses related to these sets of issues are discussed. First, based on
an expected utility nmodel, we derive hypotheses as to changes in policy
bids that should attend changes in subjective (perceived) probabilities
related to exposure to and exposure danmage from hazardous wastes (i.e., the
subj ective probability of hazardous waste contai nment and the subjective
probability of damage from rel eased, noncontained, wastes). Secondly, we
devel op hypot heses related to other aspects of individual preference
structures, concerning environnental risk. As in our other experinents
primary concern here is with the framing of wllingness to pay (WP)
questions and information as they might affect an individuals' process of
preference research in arriving at contingent values. Third, and finally,
hypot heses concerning interviewi ng and aggregati on problenms are di scussed.

In Section C, our hypotheses are summarized and a contingent val uation
instrunent is designed for obtaining data required for testing the
hypot heses. Results fromthe CV study and their applications to tests of
hypot heses, are given in Section D. Conclusions are offered in Section E

B. CONCEPTUAL AND METHODOLOG CAL | SSUES RELEVANT FOR EXPLORATORY
ASSESSMENTS OF THE POLI CY BI D APPROACH

B.1 Hypotheses Drawn from the Expected UWility Mde

Concern in the policy bid experiment is with a contingent
val uati on study wherein an EPA contai nment policy for hazardous waste
di sposal serves as the CV commodity. G ven the above-described
uncertainties surrounding the effects of such a policy, individua
perceptions of two types of risks (their subjective probabilities) nust
underlie contingent values obtained in the CV study: subjective
probabilities of waste containment with and w thout the EPA policy; and
subj ective probabilities of damages from noncontained wastes. Qur a priori
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expectations as to the behavior of policy bids as changes occur in these
subj ective probabilities may be derived from the follow ng expected utility
nmodel of decisionnmaking under conditions of uncertainty. (For an excellent
di scussion of the expected utility theoretical framework and its
application to hazardous waste disposal, see Desvousges and Smith, 1982).

We define our notation as follows:

Let P = the subjective probability of containment of toxic wastes;

I = the subjective probability of health damage if toxic
wastes are not contained,

Y = consumer incone;

D = level of health danage which the consumer believes wll
occur to himor herself if exposed to toxic wastes;.

UY,D) = gonsumer utility, an increasing function of incone
_UY > 0) and a decreasing function of the level of health
damage (UD < 0);
and B = consuners bid (wllingness to pay) for a governnent policy

to contain toxic wastes.

Presumably a consumer will have a subjective probability for containment of
toxi c wastes even with no governnent policy, which we denote P°. A
government policy to contain toxic wastes shoul d raise this perceived
probability to a higher level P". The willingness to pay for a waste
containment programis in actuality a bid to raise P fromP® to P, In the
survey described below we obtain two bids for two levels of P" which are
given to respondents by the interviewer as 50% and 100% W now develop a
model to predict the determinants of the bid, B.

The expected utility of a consumer where no governnment policy for
contai nment of toxic wastes has been undertaken is

P°U(Y,0) + (1-P°)[IIU(Y,D) + (1-M)U(U,0)]. (4.1)

The term P°U(Y,0) is the probability of containnent with no programtines
the utility in a state where health damage is zero (D=0). This is the
expected utility derived from the state wherein no release occurs and
consequently no health danage occurs. The term on the right-hand-side
wei ghted by (1-P°), the probability of a release, is the expected utility
in the state of the world where a release does occur.

However, it is not certain in this state that health damage nust oc-
cur. Rather, consuners believe that if a release occurs, health danmage of

level Dwill occur only with odds I. Health damage may be zero (D=0)
with odds (1-I) even though a release has occurred. Conponents of

expected utility in these two compound states are (1-P°)TU(Y,D), expected
93



utility where a release has occurred and health damages result, and
(1-P°) (1-M)Uu(Y,0), expected utility where a release has also occurred but
heal th damages do not result.

Expected utility where a government toxics gontainment policy has been
undertaken is identical to (4.1) above, except P~ replaces P° and income is
reduced fromY to Y-B so the consuner is paying $B to achieve
P® rather than P°. Thus we have

plu(y-B,0) + (1-pPl)[NU(Y-B,P) + (1-T)U(Y-B,0)] (4.2)

as a measure of a consumer's welfare where a toxics program has been

undert aken. If we set (4.2) equal to (4.1) and solve for B, we have the
mexi mum wi I I'i ngness to pay of a consumer for a containment policy wh}ch t he
consuner believes will increase the odds of containnent fromP° to P
Further, if we totally differentiate the resulting equation we can solve
for

U(Y-B,0) - [NU(Y-B,D) + (1-M)U(Y-B,0)]

3B/3p =

T (4.3)

P'U,(Y-B,0) + (1-P1){HUY(Y-B,5) + (l—H)UY(Y~B,O)]’

the rate of increase of the bid with an increase in probability of

contai nment.  The denom nator is sinply the expected nmarginal utility of
money, E(U,), i.e., the probability weighted marginal utility of money in
different States, which is clearly positive. The nunerator is the
difference between the utility in the state wherein no release occurs and
the expected utility wherein a release does occur. Cearly the individua
is better off in the state wherein no rel ease occurs so the nunerator is
positive. Thus, 38B/3P™> 0 and the bid should be larger for policies which
have a higher probability of containment.

Again, by totally differentiating the equation obtained by setting
(4.2) equal to (4.1) we can solve for

(l-Pl)[U(Y—B,ﬁ) - U(Y-B,0)] - (1-P°)[u(Y,D) - U(Y,0)]

i

3B/31 = - —
P UY(Y—B,O) + (1-P )(HUY(Y-B,D) + (I—H)UY(Y-B,O)]

s (4.4)

the change in the toxics policy bid resulting froman increase in the
perceived probability of health damage. Again the denomnator is the
expected nmarginal utility of noney and is positive. However, the nunerator
defies easy interpretation. |If the utility function is well behaved, a
techni que for approximting 3B/8l is to approximte the utility function
with a first order Taylor series expansion about Y and D=0 so

U(Y-B,D) ~ U(Y,C) ~ U,(Y,0)B + U (Y,0)D (4.5)
and
U, (¥-B,D) v U,(Y,0). (4.6)
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Substituting (4.5) and (4.6) into (4.4), we obtain

-} l
-— T o

3B/3N ~
Uy

Thus, as an approximtion 3R/3I > 0 since P1 >P° U. <0, D>0 and

U, > 0. This approximation is correct if D and B are sufficiently small so
that (4.5) and (4.6) are in fact good approximtions. In other words, an
increase i'n the perceived probability of health damage if a release has
occurred should raise the bid for a containnent policy according to the
expected utility mpdel of consumer behavior.

G ven the broad, exploratory scope intended for this study, we wish to
test the two qualitative hypotheses suggested by the anal yses given above
viz. that contingent values for the policy commodity rise as (i) the
perceived probability of containnment, (P) rises and/or as (ii) the
probability of damages (II) rises. Means for testing these hypotheses are
sketched as follows (greater detail is given below in Section IIl).

Before continuing, a nmajor point raised in Section | nust be stressed
An effort is not made in this study to neasure individual perceptions of
risk per se. Prior to initiating the study, the authors were well aware of
the inmportance of risk,perceptions for studies of behavioral responses to
events involving ri’sk. Vhat was (and, to some extent, renmins) not well
understood is how such perceptions, along wth other
preference-structure-rel ated behavior di scussed bel ow, might influence (in
a qualitative sense) contingent valuations offered by individuals. Thus
as repeatedly stressed throughout this report, the primary intent of this
study is that of exploring these issues--of amassing data which can provide
a basis for hypotheses formulations in |later phase efforts to directly
address the difficult problemof deriving quantitative neasures for
perceived risk

Returning now to the hypotheses stated above, the hypothesis
9B/3P > 0 is examined in the following nmanner. In eliciting the WIP
measure, individuals are told that the EPA containmept policy will totally
contain (100% contai nnent) hazardous wastes; i.e., P = 1. So long as
i ndi vidual perceptions of P with current disposal practices, P°, are less
than 1 (P° < 1), then we would expect a positive bid (call this bid MB for
"maxi num bid"). The individual is then asked to assune that the EPA policy
15 but 50% effective in assuring the containment of hazardous wastes--i.e.,
P" = 5. The resulting bid, FB ("fifty percent" bid) can be expected to
have the following relationship to MB depending on the individuals
perception of P°:

P° 2 .5 + FB = 03
P° < .5 > MB > FB > O.

Thus, if individuals perceive the probability of containnent without the
regul ation as 50% or better, nothing is gained by the regulation and a zero
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value would obtain for FB. If perception of this probability are less than
50% a positive value for FB woul d be expected; with !
9B/3P > 0, FB would be less than MB (associated with P~ = 1),

In terms of the second hypothesis, 3B/3l > 0, the following test is
used. W assune that one's perceptions of the probability of danmage from
hazardous wastes that are not contained is influenced by--detern ned
by--information (exanples) as to incidents wherein such damages have in
fact occurred. Thus, one set of study participants (set |I) are given very
little information in this regard. A second set of participants (set Il)
are given numerous exanples of danage instances. Denoting SB as an
individuals' "starting bid" (initial contingent valuation), we then conpare
SB. with SB,,. Gven our hypothesis drawn from expected utility theory
whérein we assune I; < T;ys we would expect SB, > SB;.

Thus, our inquiry as to the influence of perceived risk on contingent
val ues focuses on questions with one conmon theme: can risk perceptions be
"nmoved" by information--is information as to such things as contajnment and
danmage probabilities an effective determ nant of perceived risks?

B.2 Qher Issues Concerning Preference Structures

There are three sets of issues/questions concerning the structure
of individual preferences for environmental risk which are considered in
this study; given the nature of these issues, our approach is necessarily
heuristic. These issues concern instrunent framng and preference
research, environnental safety costs and contingent val ues, and denographic
vari abl es.

B.3 Instrunment Fram ng and Preference Research

As in our disaggregate bid experinment (Chapter I1), we wish to
address issues concerning the framng of WIP questions in the CV instrument
and the extent to which "fram ng" can affect the necessary process of an
i ndividuals' "preference research” if offered contingent values are to be
meani ngf ul . Fol | owi ng received theory of value, an individual, in choosing
an optimal, budget-constrained consunption set of goods and services, wll
exam ne all possible goods/services and their prices in arriving at an
"equi -marginal " position where the ratio of marginal utility (MJ) to price
(P) is equaled for all goods/services which are consuned, This is to say
that the trade-offs for MJP for all goods in the feasible set are
consi der ed.

The context of the CV study, when the policy commbdity is explained to
the individual, the effect may be that of introducing to the individuals'
feasible set of goods and services a new good--the individual has not
previously considered hazardous waste regul ations as a "good" in his/her

consunption set. If the WIP question is framed sinply as willingness to
pay for the described commodity, one may well inquire as to the extent to
whi ch the individual has, in fact, considered the trade-offs inplied by

hi s/ her offered valuation of the policy commodity; i.e., the individual nay

not, with this frame, consider the changes in his/her present
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consunption/savings pattern inplied by the contingent valuation, when one
assunes (as the CV methods supposes that they do) that the offered
valuation is in fact _paid. Therefore, we wish to inquire as to the effect
of different franmes for the WP question which relate to this preference
research process involving the exam nation of trade-offs.

An issue which is inextricably related to the above concerns the
question as to how individuals view any one, specific commodity. Received
theory suggests that individuals view, and value, each individual comodity
in their feasible consunption set. Thus, if an additional commdity is
added to this set, that commogity is valued inits ow right. However,
recent work by psychol ogi'sts,” suggest that individuals nmay view sone
commodity groups as a gestalt; i.e., individuals have "mental accounts”
wherein simlar comodities are grouped. Thus, as a sinplification, in
allocating income, rather than allocating $4.00 to a nmovie, $10.00 to a
night at the bar, etc., an individual may sinply allocate $14.00 to an
"entertai nment account”

The mental accounts notion has inportant inplications for our study.
[f individuals do indeed view goods within a mental account context, the
possibility exists that WP measures for our policy conmodity may well be
more appropriately interpreted as a value attributable to a broader
commodity (account): the individuals' "environnental safety account". The
framng issue would then be nost inportant--care must be taken to frame the
WP question in such a way as to focus attention one that one elenent in
the environnental safety account of interest, viz., hazardous waste
di sposal (as differentiated form health/safety risks from air pollution,
water pollution, etc.).

Before continuing, one should note that the nmental accounts notion
need not be necessarily at odds with the standard theory of value. The
mental accounts notion may describe no more than a convenient process by
whi ch an individual thinks of goods/services at one |evel of
abstraction--one sets aside, roughly, this amunt of noney for food
recreation, etc. Wen making actual expenditures, however, the
account -1 evel suballocation process nay well cross account lines. O
course, this is pure conjecture and the relevance of the nental account
notion remains as an open enpirical question at this point.

Three alternative framng experiments are conducted in this study in
an effort to gain insights as to the issues described above. These
experiments are described as follows.

(i) Weinquire as to the effect of framng the WIP question within a
context wherein trade-offs between the policy commdity and goods/services
in the individuals present consunption/savings pattern are made explicit.
To this end, one set of participants (group A) are asked the WP question
in the usual way--explicit trade-off information is not given. For a
second set (group B), prior to the WP question, individuals are asked to
reveal their nonthly income and how this income is now spent in various
expenditure/saving categories. The WP question is then asked, along with
the request that the individual indicate which expenditure category is to
be reduced in order to facilitate the offered bid. Wth SB as the initial

97



(starting) bid, we then test the heuristic hypothesis SBA = SBB in
inquiring as to the effect of this type of franing.

(i) When asked the WP question, individuals offer a WIP from a

payment card (described below). 1In an effort to induce individuals to give
depth to their consideration of this offered bid, a "bidding process" is
then used. Thus, given an initial, "starting" bid SB, the individual is

asked to suppose that, with all households paying SB, resulting income
woul d be insufficient to inmplement the proposed regul ation; under these
circunstances, the individual is asked if he/she would be willing to pay $1
more, then $2 nore, etc., until a maximum willingness to pay is obtained.
Denoting this latter, "maxinmm value (bid) as MB, we then test the
heuristic hypothesis MB = SB in examning the effects of an instrunent
frame which involves the bidding process.

(iii) Finally, we inquire as to the effects on contingent values for
our hazardous waste policy comodity of making explicit the potential
trade-offs with other environnental goods. Thus, cleaner air, cleaner
water, etc., might be obtained if individuals were willing to pay nore for
these items. An offer to "pay" for the hazardous waste policy nust then be
considered in this context. In obtaining MB, we assune, as one typically
does in a CV study, that these trade-offs are considered. This assunption
is tested by framing the WIP question within a context where these "other
environnental goods" trade-offs are made explicit. After obtaining M,
these trade-offs are described for the five environnmental goods (including
our hazardous waste disposal good) given in List 1, Table 4.1. Follow ng
this description, the individual is asked if he/she is still willing to pay
MB; if not, an adjusted bid OG ("other goods") is obtained. The effect of
framng the WP question with explicit consideration of other goods is then
tested with the heuristic hypothesis MB = OG

The OG question has inplications that extend hazard commodity
trade-offs, however. It relates to the nental accounts notion: is MB a
contingent value for our specific EPA policy on hazardous waste disposal or
one for (for exanple) an "environnental safety account"? Suppose that MB >
OG i.e., when presented with other goods, the individual |owers his/her
WP for our specific policy commodity. This observation could be
consistent with either standard value theory (nmore commodities over which
to allocate income results in less incone allocated to our specific
comodity) or the mental accounts notion (with attention focused on the
entire account, WP for one conponent --our policy conmmdity--is smaller).
Therefore, we exanmine the following, three heuristic hypotheses which are
relevant in these regards.

First, we inquire as to whether or not OG is sonewhat
"mechanical ly" derived by simply dividing MB by 5 (the nunber of other
VB
goods in List 1, Table 4.1), i.e., OG=5. |If equality holds, the
result would be weakly suggestive of the nental account notion. Most
VB
importantly, equality in OG =5 night raise serious questions as to
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TABLE 4.1

LI STS OF "OTHER PUBLI C GOODS" USED | N PRE- TEST PHASE

Goods Included In List

1 2
X X
X X
X X
X X
X X

X

X
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G her Public Goods

Regul ating facilities for permnent
di sposal of non-nuclear hazardous

wor ks

Regul ating facilities for tenporary
storage of non-nuclear hazardous
wor ks

Regul ating transportation of non-
nucl ear hazardous works

Regul ating sites for nuclear waste
di sposal

Regul ating transportation of nuclear
wor ks

Nati onal Defense

I mproving H ghway Safety



the extent to which OGis a thoughtful, reflective valuation, which is an
i mportant issue.

Secondly, in deriving OG one set of participants (group 1) are given
in List 1, Table 4.1, which includes only environnental goods. Another set
of participants is given in List 2, Table 4.1, which includes List 1's
envi ronmental goods arnd the nonenvironnental public goods: national defense
and i nproved highway sagety. Ceteris paribus, standard utility theory
woul d suggest 0G, > GG2 i'nasmuch as List 2 involves nore goods which are
introduced into Hhe consunption set. The mental accounts notion may inply
-7’1 = 0G,, inasnuch as national defense and highway safety are excluded
from the environnmental safety account. Thus, the heuristic hypothesis of
interest here is OG, = 0G,.

1 2
Third, and finally, as was the case in a recent study by Tolley and
Randal |, the sequence of obtaining contingent values--SB then M then

OG- -may bias the OG value. To test for such bias, the OG value is obtained
fromone group of participants in the sequenced manner described above--0G
is obtained after SB and MB. For a second group of participants, the
initial SB value is franmed within the "other goods" context. Prior to
eliciting the WIP, List 1 (Table 4.1) is discussed at some length and the
point is stressed that the WIP applies to but one of many EPA regul ations
related to environmental safety: a regulation on hazardous waste disposal
Denote the initial and maxi mum contingent val ues derived with this
question-frame as SB(OG and MB(OG, respectively. W test the heuristic
hypothesis MB(OG = OG  Equality can be taken to belie the existence of a
sequencing bias. MB(OG < OG nmay inply (i) the potential for a sequencing
bias and/or (ii) consistent with the nental accounts notion: the MB(OG
frame better assists individuals in "getting inside" the environnental risk
account.

B.4 Environnental Safety Costs and Contingent Val ues

A second set of issues related to preference structures concerns
the information set within which contingent values are derived. By this
reference is nmade to the fact that many EPA regul ations on environmenta
quality are now in place (including existing regulation on hazardous waste
di sposal) and that individuals are now paying for the existing state of
envi ronnental safety via higher taxes and higher prices for goods and
services. The EPA regul ations on hazardous waste disposal of interest here
represents a marginal change in EPA-provided safety vis-a-vis these many.
existing regulations. At issue is the question: is our CV neasure narginal
in this sense?

One nethod for gaining insights to this questionis to inquire as to
the extent that individuals are cognizant of the existing state of
envi ronnental safety regulations and the "price" that they are in fact now
paying for this state. [If such cognizance exists, or contingent value for
the total containnent policy of interest here is appropriately "marginal".
Thus, in experiments wherein measures for SB(OG and MB(OG) are derived,
estimates for the anmount that households in the participants' income class
now pay for environmental safety are given to one set of participants (and
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not gigsg,rto another set) prior to eliciting SE(OG --denote this Vﬁ{’;g’f
SB(0G) . W then test the heuristic hypothesis SB(OG = SB(0Q a
means for addressing this issue.

S a

B. 5 Denpgraphic Variables

In looking to the determinants of contingent values for our
policy comodity, we follow established practice in |ooking to the
potential effects on preferences nmanifested in such values of denographic
characteristics: incone, age, sex, education, race and famly size. In
passing, we intuitively note the potential inportance of famly size (in
this study, whether or not children under 18 are in the household) given
the potential health threats associated with the hazardous waste disposal
i ssue.

B. 6 Methodol ogi cal |ssues

Two sets of nethodol ogical issues are considered in the policy bid
experiment. The first concerns the choice of interview ng nethods. The
primary interview nethod used in this study is "intensive" in nature.

Appoi ntrents for in-home interviews are prearranged by tel ephone some days
before the interviewer visits the study participants home; typical
interviews last )% to 2% hours. This method is tinme consuming and costly.
G ven the necessary use of many visual aids (described in Section C) and
the length of the CV instrunment, however, the intensive nethod was

consi dered desirable at the design stage of this project.

In one such study area (Houston, Texas), however, we experimented with
the |ess expensive "extensive" method. Interviewers sinply went
door-to-door in preselected areas and requested individuals' participation
as a CV study interviewee. Using the subscripts T and D to denote val ues
drawn from the intensive, telephone-managed interviews and the extensive,
door-to-door interviews, respectively, we then test for any differences in
contingent values drawn form the two methods.

Thus, we test:

SB,, = SB
2t -
OGT = OGD

Secondly, we examine a methodol ogical issue of considerable inportance
for efforts to derive national benefits estimates by aggregating over
sanples drawn froma few regions in the U S. Here our interest is in the
extent to which variables included in regression equations are sufficient
to explain any differences in contingent values drawn from different cities
(regions). The question as to conparability of contingent values drawn
from three cities--A buquerque, New Mexico, Houston, Texas, and New Haven,
Connecticut --will be devel oped bel ow.

C.  STRUCTURE OF THE PCLICY BID CV STUDY
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C.1 Focus of the CV Study: Summary of Hypotheses

In assessing the potential viability of the policy bid approach
as a neans for obtaining contingent values for EPA regulations on hazardous
wast e disposal, argunents related to questions of particular inportance for
this assessment were devel oped above in Section B. These argunents
suggested testable hypotheses, tests of which constitute the primry focus
of this study. These hypotheses are summarized as follows (see notation,
Table 4.2).

C.2 Hypotheses Concerning Perceived Risks

L. Is the policy bid for an EPA policy that is 100% effective
in containing wastes (MB) the same as that for a policy
that is posited to be only 50% effective (FB)?

Hypot hesis 1: MB = FB

2. Is the policy bid for a 100% effective contai nnent policy
with "small" information-related perceptions as to the
probability of damages from uncontained wastes (SB ) the
same as that obtained with "larger" information-related
perceptions of such probabilities (SBH)?

Hypot hesi s 2: SBI = SBII

C.3 Hypot heses Concerning Preference Structures

3. Does framng the WIP question within the context of explicit
budget trade-offs affect the policy bid? (Subscripts A and
B denote values from groups without and with budget
information, respectively).
Hypot hesis 3: SBA = SBB

4, Does framing the WP question within a "bidding" process
elicit focus on trade-offs, thereby resulting in adjusted
policy bids?

Hypothesis 4: SE = MB

5. Does the explicit considerations of other (environmental)
goods affect the policy bid?
Hypothesis 5: M + OG

6. Is the "other goods" bid, OG sinply the maxinum bid
(MB) divided by 5?
MB
Hypot hesis 6: OG = 5

7. Is the "other goods" bhid with only environnental goods
(OGI) the sane as that obtained when environnental and
nonenvi ronnental goods are considered (OGZ)?

Hypot hesis 7: OGl = OG2

8. Does the sequence of introducing other goods affect the
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SB

FB =

MB(OG), SB(0OO)

SB(0G)

Al :

AG

SX

EN:

Subscri pts:

COsT

(b)

TABLE 4.2
NOTATI ON
initial starting bids taken from paynment card--100%
contai nment policy

“maxi nun' bid obtained fromthe bidding process--100%
cont ai nment policy

val ue obtai ned when EPA policy is posited as but 50%
effective in containing hazardous wastes

contingent value for 100% effective containment policy
when "ot her goods" are introduced

OGl’ only environnental goods introduced (list 2,
Table 6.1)

0G2: envi ronnental non-environmental goods introduced
(list 2, Table 6.1)

MB and SB val ues obtai ned when "ot her goods" are
introduced prior to the WP question

the SB(OG bid when participant is given estimte of
how nuch he/ she now pays for environnmental safety

average annual househol d incone
participants use

race (white angl o-saxon, hispanic, black)
sex (nmale, fenale)

children under 18 in household (yes, no)

education (years of school)

I. Il: denotes values drawn from participant groups
who are not (I) and are (I1) given information
related to probabilities of damages from
un-cont ai ned hazardous wastes

A. B: denotes groups who are not (A) and who are (B)
given explicit budget information
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policy bid?
Hypothesis 8. MB(OG = OG

9. I's the policy bid a "marginal" valuation;, does cost
information affect the policy Ebg:f,
Hypothesis 9: SE(OG) = SB(0G)

10. What denographic variables (average annual incone, age,
race, sex, children and education) significantly affect
the policy bid?

For the equation:

MB = Clo + alAI + 0‘.2AG + G.BRC + a4SX + C!SCN + OtGEN

Hypot hesi s 10: a; = 0, i=0,1,. . ., 6

C.4 Hypotheses Concerning Methodol ogical |ssues

11. Is there a difference between policy bids obtained fromthe
intensive, prearranged interview nethod (SB., MB., 0G.)
and those obtained with the extensive, door=to-door mgt hod
(SB, MB_, 0G.)
Hyplo)thesgs 111:) SB,, = SB
D T
M.BD = MB,r
OGD = OGT
12, Is there a significant difference between policy bids obtained

in A buquerque (Q, Houston (H), and New Haven (N)?
Hypothesis 12: SB, = SB
MBQ N

= MB
Q- N
0G4 = OGy
SB(0G) = SB,
SB(0G)y = SBy

Hypotheses 1 - 12 are to be tested using regression techniques. For
hypothesis 3, for exanple, the regression equation takes the form

SB=ao+a1D+aY+U (4.7)
where the dependent variable SB is represented by an (n+n) x 1 vector
containing the n starting bids for group A and the mstarting bids for
group B, Dis a dummy variable represented by an (n+m x 1 vector of n
zeros and m ones denoting whether the observation was drawn from group A or
group B, Y is the respondents income, U is a random di sturbance, and the az
are parameters. The paraneter o, is interpreted as the incone adjusted
"group effect” on SB. That is, if the |east squares estinmate, «,. Lf a

is not statistically different from zero, then one accepts thei’llypotheSIS
SB, =SB, If e, is significantly different fromzero, D significantly
af%ects %he average bid and one rejects the hypothesis SBA = SBB.
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Thus, for each hypothesis which conpares one WP value (W.: e.g., SB
MB or OG with angther (U.z\, , the hypothesis that IS statisti cail y tested is
Ho: . = 0. If t is the t-statistic for %ys t, is the critical value for
t, thén, for each hypothesis:

t, 2t *>reject H - reject W, =W_,
t <t~ accept H  + accept W Wz.
c o 1 2

C.5 The CV Instrunent

The structure of the CV instrument used in this study is
described as follows. Gven the length of the interview, a nunber of
exhibits are used as visual aids to assist the interviewee's understanding
of conversations (exhibits and figures used and referred to below are given
in Appendix D).

L Following introductions and explanation of the purpose of the
study, hazardous wastes are defined (exhibit 1).

2. The pervasiveness of processes which generate hazardous wastes
is explained (such wastes result from the production of many
of the goods that we commonly consunme, (exhibit 2).

3. The volume of wastes generated each year is nentioned (exhibit
3).

4, The disposition of these hazardous wastes is described, with
enmphasis on those wastes that are permanently disposed
(exhibit 4); for group Il, pictures of these disposal nethods

are also shown (figures 1-4).

5. Attention is narrowed to the issue of the pernanent |and
di sposal of hazardous wastes; in what follows, we ignore
probl ens associated with treatnment, tenporary storage,
transportation and, particularly, nuclear wastes (exhibits
5 and 6).

6. Ve then describe potential threats to public health and
safety associated with the disposal of hazardous wastes
(exhibit 7). Goup Il is given a description of such hazards
acconpani ed by examples (exhibits 7-A through 7-F).

7. Attention is then focused on the uncertainty surrounding the
hazardous waste disposal issue; uncertainty as to the kinds
of wastes that can safely be allowed to enter the environment
as well as quantities that can be released without toxic
accunul ations is described (exhibit 8).

8. Gven these uncertainties, the regulate-don't regulate
dichotony is presented (exhibits 9 and 10).

9. The possible effects associated with the regul ate-don't
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regul ate dichotony--Page's "horns of the dilemm"--are
then described (exhibit 11).

10. Gven this context for uncertainty surrounding the need for
and effects fromthe regulation of waste disposal, a total
contai nment policy (to be in effect for 10 years) is
expl ained and the individual is asked for a maxi num
willingness to pay to have the EPA policy initiated; the
initial valuation or "bid" is chosen from a payment chart
(exhibits 12 and 13).

11, Following the initial bid, we posit the case where, with
all househol ds paying this amunt, the paynents are
insufficient to accommdate the regulation--"would you be
willing to pay $1.00 nore per nmonth?" This bidding process
is continued until a maximum willingness to pay is determ ned

12. Uncertainty as to the effectiveness of the containment policy
per se is then introduced. A maxinum willingness to pay
(following the procedure in 11) is then elicited under the
assunption that the probability is but 50 percent that the
containment policy will in fact prevent hazardous wastes
from entering the environment (exhibit 14).

13.  Attention is then returned to the containment policy that is
100 percent effective (exhibit 12), and the individual is
rem nded of his/her bid of $X to see this policy inplenented
We then discuss other simlar sources of environnental risk
(exhibit 15), EPA regulations which could result in higher
costs to the individual (via, e.g., passed on higher costs
for goods and services). Gven that wllingness to pay
questions simlar to those asked here could well be raised
concerning regulations related to itens such as those in
exhibit 15, the individual is asked if he/she would stil
be willing to pay the $X bid; if not, a maximm wllingness
to pay for the containnent policy for hazardous waste
di sposal is elicited.

14, The interview terminates with responses to denographic
questi ons:

Annual househol d incone

Sex

Age

Race

Educati on

Children living at home (18 and under)

These 14 steps given above, along with the exhibits in Appendix D
describe the basic CV instrument given to group A study participants in
Al buquer que and Houston (roughly, half of the participants in these
cities). For group B participants in these cities, the followi ng
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information and questions are added to the basic CV instrunent. Prior to
eliciting the WIP neasure in step 10, the individual is asked his/her
monthly, after-tax incone and how this incone is allocated anobng the
following categories (see exhibit 16).

Annual after-tax income $
a. Shelter (including utilities) $
b. Food S
c. Recreation/entertainment $
d.  Savings $
e. Oher $

The individual's bid is then elicited (step 10), along with the question:
from which category, a-e, would you reduce expenditures in order to pay for
the proposed EPA policy?

For reasons detailed in Section B, the CV instrunent used in New Haven
was nodified vis-a-vis those described above. These nodifications are
descri bed as follows.

(1) prior to step 10 (the WP question), other environnental
goods/regul ations are di scussed (exhibit 16)--we now pay for these existing
environnmental regul ations.

(2) for half of the participants, stress is given to the fact that we
are interested in making nore restrictive only one of these many

envi ronnental regul ations: hazardous waste disposal (exhibit 19). Step
10--the WIP question--is then used.

(3) for the other half of the participants, prior to (2), above, the
participant is given an estimate of how nmuch he/she now pays for
environnmental regulations (exhibit 17).

Referring to the basic CV instrunent (steps 1-14, exhibits 1-15), this
instrument represents the end product of pretests conducted in Al buquerque
N.M, during the period Septenber 1-Novenber 31, 1981. Mjor findings from
the pretest, reflected in the basic CV instrument, were as foll ows.

1 Initially, "starting bids" of $1.00 and $5.00 per month were
given individuals at step 10--the WP question. Seemingly individuals
associ ated starting bids with the actual cost of inplenmenting a containment
policy and final WIP val uations tended to cluster around the starting bid
(either $1.00 or $5.00)--i.e., we encountered obvious "starting point
bias".® This problemis corrected with the use of the paynent card
exhibit 13, wherein individuals choose their own initial valuation.

2. Concern with nucl ear waste di sposal was pervasive in pretest
interviews. Therefore, the exclusion of nuclear waste issues in this study
is stressed in exhibit 6.

3. The regulation was posited as being in effect (exhibit 12) for 5
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and 10 years. Resulting WP valuations were found to be invariant to 5 or
10 years. Therefore, the 10-year horizon was uniformy adopted.

C.6 Inplementing the CV Instrunent

As the reader can now appreciate, the CV instrunment is |engthy
and considerable information nust be comunicated to the study participant.
If the interviewee is to conprehend the WP questions, time is required for
the interviewee to ask clarifying questions, repetitions, etc., and the
interviewer nust be sensitive to whether or not the interviewee is
following the conversation. As an aside, participants were generally very
interested in the discussion and interview averaged sone 1% to 2% hours.

Refl ecting these considerations, the decision was nmade to conduct
interviews on a prearranged, appointnment basis. This is the say that
i ndividuals were called at their hones and asked to participate in the
study (see telephone script, exhibit 20). For those who agree to
participate in the study, specific appointments were made and a "rem nder"”
call was made at a later time. In Al buquerque and New Haven, phone nunbers
were taken from area phone books via a standard random nunmber generator.

The techni que used for draw ng tel ephone nunbers in Houston differed
from the above. For Houston, the Research Triangle Institute, (RTI)
sel ected survey areas which, based on census data, were to provide a
stratified, representative sanple of the Houston popul ation (see Appendi x
E). The tel ephone exchanges for these areas were then used to formthe
pool of telephone nunbers from which nunbers to be called were selected via
the random nunber generator. It must be recognized that for any particular
denogr aphi c/ econonic area identified by RTI, its telephone exchange will in
most cases include populations outside of the RTI area.

Finally, after conpletion of the appointnent-arranged CV study in
Houston, an effort was made to elicit participation in the CV study in 75
househol ds on a door-to-door basis. In other words, if A, is the percent
of the Houston sanple which, according to the RTI samplin% met hod, shoul d
cone fromarea i, interviewers wuld enter area i and go from house to
house for A,(75) houses, conducting the CV study in those househol ds which
were willing to participate.

Success ratios for tel ephone-arranged appointnments as well as for
participation rates in the Houston door-to-door studies are given in Table
4. 3; denographic characteristics of study participants are given in Table
4.4,

D. STUDY RESULTS

D.1 The Data

As described above, the policy bid experinment was conducted in
three locations: Al buquerque, New Mexico (Decenber 1, 1981 to Mgrch 1,
1982); Houston, Texas (Septenmber 15, 1982 to Decenber 15, 1982)7; and New
Haven, Connecticut (January 1, 1983 to March 15, 1983); data from
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TABLE 4.3
CONTACTS AND PARTI CI PATI ON RATES |IN THREE STUDY AREAS

A A bugquerque

Number of Contacts

Nunber of Agreeing to Participate
Tel ephone Exchange Tel ephone Contacts in study
24X 69 3
25X 81 9
26X 132 15
28X - 29X 258 21
34X 66 6
76X 15 0
82X 78 7
84X - 86X 33 4
87X 42 2
88X 72 6
89X 57 3
Tot al 903 76
B. New Haven
28X 201 21
24X 133 7
39X 257 23
38X 110 8
4XX 244 10
56X 24 1
78X 116 9
17X 166 10
86X 12 1
93X 18 0
Tot al 1,281 90

(Table 4.3 continued)
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Table 4.3 (continued)

C. HOUSTON
Door -t 0- Door Tel ephone  Appoi nt ment s
* Number  of Number of Househol ds Nunber
t el ephone Door -t o- Door WIlling to Participate of Appoi nt ment s

RTI AREA prefix visits in CV Study Calls Made

21- 04064 22X 2 0 35 02

465

21-11396 69X 3 0 63 4

21-12782 92X 2 0 47 4

21- 15498 52X 2 0 31 3

21- 18159 64X 3 0 39 5

21- 27619 73X 3 0 49 3

21- 45424 78X 3 0 63 1

72X

21- 47548 77X 30 16 397 38

21- 55790 86X 2 0 55 4

21- 67008 462 3 2 60 4

22- 15010 469 5 4 70 0

22- 17395 472 2 1 59 5

22- 22272 471 1 0 34 0

22-27095 498 6 1 50 5

22- 34099 336 3 0 42 6

22- 34570 258 6 0 53 8

Tot al 75 24 1, 147 92

*

The letter X indicates all 3rd-digit nunbers
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TABLE 4.4

DEMOGRAPHI C CHARACTERI STIC OF PCLICY BI D EXPERI MENT PARTI Cl PANTS

Aver age Percent of Participants:
Sanpl e Annual Aver age , Avergge Non- Wth Children
AREA Size | ncone Educati on Age Wite Femal e [ n Househol d
(000) (Years) (Years)
Al buquer que 74 $27. 4 15.5 42.1 26% 35% 28%
(14.8) (2.4) (15.8)
Houst on
I nt ensi ve 89 44.9 14.1 41. 6 9 33 51
(32.2) (2.4) (12.5)
Ext ensi ve 24 23.5 14.8 32.0 4 54 25
(13.0) (2.5) (8.4)
New Haven
Set 1 44 30.2 15.0 45.0 5 41 50
(15.9) (2.8) (15.6)
Set 2 44 30.8 15.7 39.1 7 48 59
(17.2) (2.2) (11.6)

*

Standard deviations given in parentheses.



interviews in these areas are given in Appendix F. The nunber of

househol ds that ultimately participated in the CV study is: Al buquerque,
76; Houston (prearranged interviews), 90; Houston (door-to-door), 27; New
Haven, 90.

As with nost studies of this type, results may be influenced by
"outliers"--i.e., a fewextremely high or |ow values which, if included in
the data set, nmay bias analyses. One nethod for eliminatirfg outliers is
suggested in recent works by Desvousges, Smith and others.
essence of this method is to elimnate any observation fromthe sample
that has a disproportionately large effect on the estimated val ues
4,, 61, or &3 . As applied in the present setting, the term
"éisproportionately large" was defined to be 30% In other words, if
after elimnating the ith observation fromthe regression, either
&;, &,, or &, changed by 30% or nore as conpared with the val ues
obtained in the sanple, the ith observation was discarded. As shown, in
the following table, however, few observations were treated as outliers.

ORI GI NAL ADJUSTED
AREA SAMPLE S| ZE SAMPLE SI ZE

Al buquer que, total

Goup A 44 42

Goup B 32 32
Houst on, total

Goup A 46 45

Goup B 43 43
Houst on, door-to-door, total 27 27
New Haven, total

Goup ! 45 44

Goup 2 45 44

D.2 Average Measure for WP

Average, incone-adjusted neasures for WIP drawn fromthe 3-city
study are given in Table 4.5. Values given are for: the initial 'starting
(or payment card) bid", SB; the "maxi num bid" (which results fromthe
bidding process), MB; the 'fifty-percent bid" (WP when the EPA policy is
posited as being but 50% effective), FB; and the "other goods bid" (WP
when ot her public goods are discussed), OG Sets 1 and 2, for New Haven,
refer to groups of participants who are not (set 1) and who are (set 2)
given information as to their present outlays for environmental quality.
Al New Haven participants are given budget information. For Houston,
"intensive" and "extensive" refers to prearranged appointment and
door-to-door interview ng nmethods, respectively. Attention is now turned
to an analysis of these data.

D.3 Affecting Ri sk Percentions in Contingent Valuations
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Data in Tables 4.5 and 4.6 are relevant for hypotheses 1 and 2
concerning risk perceptions. In Table 4.6, the relevant t-statistic is
less than the critical t for all cities in which case we fail to reject the
hypothesis a, = 0, which inplies that we accept (fail to reject) the
hypot hesi s = FB in all cases. Thus, contrary to the result consistent
wi th hypotheses drawn from our expected utility model (MB > FB), the
posited reduction from 100% to 50% in the probability of containment does
not result in a significantly lower bid--MB = FB, i.e., the bid is
unaffected, in a statistical sense.

This apparent inconsistency between axions drawn from expected utility
theory and our survey results extends to perceptions regarding probability
of damage as seen fromdata in Table 4.7. Again, we fail to reject the
hypot hesis SB, = SR 7 increase in information-related perceptions of
the probability of cIIamages does not, in contrast to hypotheses drawn from
an expected utility theory nodel, result in an increase in the bid for 100%

cont ai nnent .

Qoviously, one nust interpret these results with caution. These
findings may be viewed as indicative of any one or combination of the
following explanations. First, the expected utility theory nodel (EU)
fails in explaining behavior under conditions of uncertainty in this case.
Secondly, our CV instrument fails in acconplishing its' intended purpose:
affecting individual risk perceptions. In ternms of containnment
probabilities (P in the EU nodel), the fact the MB is significantly greater
than zero--that individuals are willing to pay for a 100% contai nment
pol i cy--supports the EU hypothesis 8B/3P > 0. In asking individuals to
assume that the policy is but 50% effective, the MB = FB finding may
reflect things other than 3B/3P = 0. For exanple, individuals may have
perceived our 100% effectiveness statenment as incorrect--around 50% is the
best that one would expect. In the case of damage probabilities, it could
wel | be the case that such perceptions are independent of information
and/or sinply that our framng of information failed to affect perceptions
of damage probabilities.

In any of these cases, results in Tables 4.6-4.7 raise questions which
require consideration as to the power of our EU nodels for situations
involving environmental risk and, nost inportantly, the franing of
questions/information used to affect perceptions of environnental risk.
However, although not statistically significant, the sign of each of the
rel evant a« coefficients is consistent with EU hypot heses devel oped earlier.

D.4 Instrument Framng and Preference Structures

Data in Tables 4.8, 4.9 and 4.10 are relevant for our efforts to
exanmine the effects of changes in the framework of WP questions on
contingent values, as the framework might affect the individual's focus on
trade-offs. Consistent with results in the disaggregate bid experinment
(Chapter 1), data in Table 4.8 supports the hypothesis that framing the
WP question within the context of explicit budget information does not_
affect the contingent valuation; it would seem that, in offering the
contingent valuation, individuals are cognizant of inplied private
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AREA

Al buquer que

Houst on
| nt ensi ve

Ext ensi ve

New Haven
Set 1

Set 2

TABLE 4.5

AVERAGE | NCOME- ADJUSTED VALUES FCR PCLI CY BI DS

IN THE THREE-CITY EXPERI MENT

AVERAGE VALUE (standard deviation)

(dol lars per nonth)

FOR:

SB MB FB oG
$13. 90 $21. 32 $16. 78 $14. 20
(17.23) (26.37) (24. 69) (23.01)
17. 06 29. 62 20. 37 17.15
(22. 40) (42.84) (40.97) (23.78)
7.05 10. 92 9. 70 8. 63
(8. 44) (14.50) (14. 20) (14.14)
13.34 25. 84 22.09 n. a.
(17.22) (31.34) (31.96)
17.52 31.85 25. 16 n. a.
(20. 55) (36. 36) (35.94)
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TABLE 4.6

TEST OF HYPOTHESIS MB = FB

For Regression Bid = ay + alD + ozzY:

Coefficient Value Critical

AREA for ¢ t-statistic to (90%

Al buquer que -4.55 -1.092 + 1.645

Houst on -9.36 -1.622 t 1.645

New Haven -5.22 -1.043 t 1.645
TABLE 4.7

TEST OF HYPOTHESI S SBI = SBII

Coefficient Value

AREA for oy t-statistic critical-t

Al buquer que (N=24) 2.18 0.23 +1.721
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TABLE 4.8

TEST OF HYPOTHESI S SB s SBB

Coefficient Value

AREA for o t-statistic critical-t
Al buquer que 0. 60 0. 146 * 1.668
Houst on 6. 47 1. 607 + 1.665
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TABLE 4.9

TEST OF HYPOTHESIS SB = MB

Coefficient Value

AREA for ) t-statistic critical-t
Al buquer que 7.43 2.058 + 1.645
Houst on 12. 70 2.790 + 1.645
New Haven 13.42 3. 297 + 1.645
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TABLE 4.10

TEST OF HYPOTHESIS MB = OG

Coefficient Value

AREA for ol t-statistic
Al buquer que -7.13 -1.779
Houst on -12.92 -2.718
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goods/ savings trade-offs (or, one might with to argue, they do not reflect
on such trade-offs with or without explicit consideration of budget
i nformation).

The bidding process significantly affects contingent values as is seen
fromdata in Table 4.9. This result is in contrast to that found in
Chapter Il's disaggregate bid experiment. O course, a different CV
commodity is involved in the disaggregate bid experinment and conflicting
results may reflect differences in the specificity of the comodities.
Further, one nmust be cautious in attributing the finding that the bidding
process affects contingent values to the asserted cause:
individuals' are induced to focus on relevant trade-offs. The finding nay
be indicative of other behavioral responses; e.g., the interviewe, when
asked ". . . would you pay x-dollars nmore . . ." (see step 11 in the CV
instrument), may feel that an adjusted bid is somehow "expected" fromhim
or her.

From Table 4.10, we find that framng the WIP question within the
context of other (environnmental) goods results in a significant reduction
in the contingent valuation--when attention is focused on trade-offs
bet ween our policy comodity (hazardous waste regul ati ons) and ot her
possible regulations affecting environmental safety, the contingent
valuation for hazardous waste regulations is adjusted downward. O course,
this result is consistent with standard value theory as well as with the
notion of mental accounts.

For reasons devel oped in Section B, we extend our analysis of how
consideration of other goods affects the contingent valuation of one,
specific good. First, we ask if the other goods-adjusted bid is sinply a
mechani cal adjustment of the MB value; i.e., is OG sinply MB divided by the
nunber of other goods discussed in the CV instrunment (5, see Table 4.1,

List 1). That such is not the case is suggested by data in Table 4.11.

The average value for OGis significantly lower than M3/ 5, a finding that
is consistent with the argunment that, in considering trade-offs between the
hazardous waste commodity and ot her environnental commodities, the
individuals mental preference research process vis-a-vis these trade-offs
is discerning process.

Results given in Table 4.12 are striking in their possible
inconsistency with value theory and their consistency with the nental
accounts notion. Data described above suggests that the introduction of
ot her environnental goods affects the contingent valuation (Table 4.10) and
that such efforts reflect sone degree of thoughtful differentiation between
several environnental goods (Table 4.11). Wen still nmore "other goods"
are introduced, but goods which are_not related to environnmental safety,
the contingent valuation for the environnmental good is unaffected. All
el se equal, value theory would lead us to expect a change in the contingent
val uation as income is to be allocated over an expanded consunption set, in
contrast to the result given in Table 4.12. The result is consistent
either with the nental accounts notion, or with a rather extrene
separability for environnmental from other goods in consunmers utility
functions.
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TABLE 4.11

3

TEST OF HYPOTHESIS OG = 5

Coefficient Value

AREA for ) t-statistic critical-t
Al buquer que -9.93 - 3. 657 + 1.645
Houst on -11.05 -4, 375 * 1.645
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TABLE 4.12

TEST OF HYPOTHESI S 0G, = 0G

1 2
Coefficient Value o
AREA for & t-statistic critical-t
Al buquer que (N=50) 5. 67 0.741 + 1.684
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There are, of course, a nunmber of possible explanations for the
apparent inconsistency between Table 4.12 results and value theory.
I ndividuals may be sated in these non-environnental goods at present, fixed
outlays for the goods (equilibrium equi-marginal conditions would be at
i ssue here, however). They may feel that they can affect environnental
goods but not the other goods. A weakness in the CV instrunent in terns of
affecting perceptions of the "other goods" may be an issue. At worst, we
must conclude that Table 4.12 results raise questions as to how individuals
assess val ues across heterogeneous groups of goods and that this issue
warrants attention in future research. In this latter regard, it would be
useful to extend this type of experiment to include many different types of
goods- cl asses (possible mental accounts) in efforts to define the limts of
"account" itenms (if, indeed, they are relevant) or further explore
separability issues.

We next inquire as to the potential for a 'sequence bias" in obtaining
other goods-adjusted contingent values. In the New Haven experinent, other
environmental goods are introduced prior to the initial WP question as
opposed to being introduced after the derivation of SB and MB val ues in
Al buquerque and Houston. At issue is the question: is the maximum bid
obtained within the cost of other goods derived in New Haven (MB(OQ) the
sane as the "sequenced", other goods bid derived in Al buquerque and Houston
(OG values)? Data in Table 4.13 present mxed results. As the 90%
confi dence level, the hypothesis MB(OQ :=J31£%>= 0) is accepted (one
fails to reject the hypothesis) for the Albuquerque experinment but is
rejected in the Houston experinent. However, the failure to reject the
hypot hesis in the Al buquerque is nmarginal: one rejects the hypothesis at a
slightly |l ower, 87.5% confidence |evel. Thus, the results supportive of the
possibility of something of a sequencing bias in the OG contingent value

Acceptance of the hypothesis that new Haven-type bids are
significantly different (lower) than OG bids obtained in Al buquerque and
Houst on need not necessarily inply a "bias", however. Assune that
i ndividuals do, in fact, consider goods within the context of sonething
like a mental account. From our earlier analyses, we would interpret M
(in Al buquerque and Houston) as a value relevant for an 'environnenta
safety” account and we then later, ask the individual to consider MB within
the context of other environmental (we later "remnmind" the individual--cal
to his/her attention--of (to) these trade-offs). The individual nust
perceive the inplicit enphasis on the fact that the hazardous waste
regulation is one of many existing and potentially altered environnmenta
regulations. While a "different" contingent valuation for the hazardous-
waste regulation results, this relevant perception may be very different
from that obtained in the New Haven experiment. In the New Haven
experiment, the interviewer makes this enphasis explicit (see exhibits 16
and 19 used in New Haven). Thus, it may be the case that bid differences
between the two experinents reflect differences in the individuals'
preference research process relevant for getting "inside" the environnenta
safety account as opposed to a Randall-type sequencing bias per se

The next issue related to preference structures addressed in this work
concerns the extent to which contingent values for our policy commodity
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MB(OG in New Haven
Compared Wth OG
Val ue In:

Al buquer que

Houst on

TABLE 4.13

TEST OF HYPOTHESIS MB(OG = OG

Coefficient Value

for ) t-statistic critical-t
-8.82 -1.596 + 1.645
+ 1.554
(87.5%
-16.28 -3.697 + 1.645
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reflect an individuals' general awareness of what he/she is actually paying
for environnmental quality/safety at the present tinme. As discussed above
this issue is inportant for several reasons. In honey terns, if, in
offering a contingent valuation, an individual fails to consider the w de
range of existing regulations in place and what he/she now pays for the
present environmental safety "state", the offered value may be meaningl ess
at that later moment when he/she does consider the existing state. More
formally, our interest is in valuing what is in fact a marginal change in
the state of environmental safety and contingent values must be
correspondingly "marginal" in nature.

In the New Haven experinent, half of the study participants (45) were
given an estimate for the ampunt that simlar (in terms of gross annua
i ncome) househol ds now pay, in terms of taxes and higher prices for
purchased goods and services, for the existing state of environnental
regul ations; the other half, of course, do not receive this infornation.
The resulting contingent values are conpared in Table 4.14: contingent
values are seemngly unaffected by cost information. It would then appear
that, in offering contingent values for our policy Commdity, individuals
may be, in general terms, cognizant of the existing state of environmenta
regul ations and the cost of maintaining this state

In closing our anal yses of issues related to preference structures and
their inplications for contingent valuations of environnental safety, we
inquire as to the effects of denobgraphic characteristics of individuals on
this contingent valuation of our policy comodity. Results relevant for
this issue are given in Table 4.15. As noted above, in the equation used
for testing hypotheses involving bid conparison (equation 4.7), income is
the only dempgraphic variable included. Further, in all cases the
coefficient on the income variable (a,) is statistically significant (the
t-statistic is well above the critica % t at a 90% confidence level). Wen
an additional five dempbgraphic variables are included in our equation,

m xed results are obtained (Table 4.15). Income remains as a significant
determ nant of the MB contingent value in the A buquerque and Houston
experiments. In the Al buquerque experinent, contingent values are not

significantly deternined by other denographic variables. However, in the
Houston experinent, the participants sex as well as their incone is a
significant determnant of the contingent valuation. Since the variable
for sex in Table 4.15 is zero-one--zero for females, 1 for

mal es-- contingent valuations for the hazardous waste regulation are
significantly higher for females than for nales.

When Al buquerque and Houston data are pooled, two results are of
interest. First, in the test as to differences between the regression
equation with and without the pooled date, the f-statistic (99% confidence
level) is f6 126 = 2.8; the calculated f-statistic is F = 1.97, in which
case one fails go reject the hypothesis that the equations are different.
This inplies that the MB value drawn in Houston is not significantly
different fromthe MB value drawn in Al buquerque. Secondly, and of
rel evance to our discussion above, income and sex are significant
determ nants of the contingent valuation of the hazardous waste regul ation
with the pooled Al buquerque/Houston data set.
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TABLE 4.14

TEST OF HYPOTHESI S SB(0G) = sB(0G)“°°F

Coefficient Value
AREA for & t-statistic

New Haven 4.04 1.013

125

critical-t

+ 1.665



9¢t

TABLE 4.15

TEST OF HYPOTHESES OF DEMOGRAPHIC VARIABLE EFFECTS

ON CONTINGENT VALUES (MB-values)

Coefficient Value (t-statistic) for Variables:

AREA (critical-t) Income Adge Race sex Children Education
Albuquerque (1.684) .7(1.943) -.4(-1.400) -9.6(-1.015) -3.4(-0.354) -6.7(-0.733) 2.9(1.512)
Houston (1.66) .7(4.851) -.2(-0.446) 5.2(0.363) -16.0(1.845) -0.2(-0.022) .2(0.131)
New Haven (1.665) .1(0.432) -.1(-0.208) 4.0(0.248) -3.4(-0.486) 22.4(2.836) .8(0.529)
Pooled Albuquerque-

Houston (1.665) .7(5.765) -.3(-1.223) -6.2(-.790) -11.5(-1.779) -2.6(-.413) 1.6(1.286)
Pooled Albuquerque-

New Haven (1.665) .3(1.779) .03(.188) 1.2(.174) .05(.011) 5.2(1.000) 1.3(1.245)
Pooled Houston-

New Haven (1.665) .3(2.813) .1(.301) 11.7(1.271) -1.7(-.305) 4.5(.830) -.4(-.435)



In the New Haven experiment, incone is not a significant determn nant
of the bid when other denpgraphic variables are added to equation
(4.7)--the existence of children in the participants household is the only
variable that is statistically significant in explaining the contingent
valuation. Wth the zero-one variable D gives zero's for no children, 1
for the existence of children in the household, the positive coefficient on
the "children" variable indicates that contingent values for the hazardous
waste regul ation are significantly higher in households with children than
in no-children househol ds.

As in the case of pooled Al buquerque/Houston data, f-tests for
regression equations with and without pooled data suggest no significant
difference between data sets. The f-statistic (99% confidence |evel)
rel evant for conparing the New Haven/ Al buquerque (Houston) regression is
f6 125.= 2.96 (fﬁ-l 4 2.925); the calculated f-statistic is F =1.8726 (F
= 0.%%9). With péoged data, only income is significant in deternming the
policy bid in Al buquerque/ New Haven and Houston/ New Haven. Thus, the case
for treating sex as an inportant determ nant of the policy bid is weakened
when pooled data are considered.

Al of the above points to the potential inportance of incone, sex and
children in determining individual preferences related to regulations which
affect environmental risk.

D.5 Results Concerning Methodol ogical |ssues

The final set of issues considered in this chapter concern
interviewing nethods and aggregation issues. Results fromthe Houston
experi ment whi ch conpares contingent val ues obtained fromintensive and
extensive (door-to-door) interviewi ng nethods are reported in Table 4.16
In terms of starting, maxinum and other goods bids for the hazardous waste
regulation there is no statistical difference in bids obtained formthe two
interviewing methods. This result is particularly interesting within the
context of experiments with data gathering methods conducted as a part of
the ozone study reported in Chapter V. In that experinent, little
statistical difference was found between contingent values derived from
mai | surveys and those derived form extensive, door-to-door interviews. In
terns of costs per CV response, those from mail surveys are less costly
than those from extensive nmethods which, in turn, are | ess costly than
those derived from intensive methods. Thus, to the extent that results
fromthe hazardous waste and ozone experinments are in sone sense
“transitive", |ower-cost mail survey techniques may be viable for future CV
studi es concerning hazardous waste regulations. At this point, however,
our data limt conclusions to the finding that, in the case of hazardous
waste regulations, the lower cost extensive nethod yields results
comparable to those derived form the intensive method

In terns of the aggregation issue, results form tests of hypotheses
concerning the conparability of contingent values obtained in our 3-city
study are given in Table 4.17. As seen in Table 4.17, there is no
statistical difference between incone-adjusted bids obtained in A buquerque
and Houston (conparisons with New Haven val ues were di scussed above; see
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Houst on

TABLE 4.16

TEST OF HYPOTHESES RELATED TO VALUES FROM | NTENSI VE
AND EXTENSI VE | NTERVI EW NG METHODS

Val ue of e Coefficient (t-statistic) For Hypothesis:

SBD = SBT MBD = MBT OGD = OGT

(critical-t = 1.661)

-2.24(-0.535) -5. 48(- 0. 661) -2.39(-0. 479)
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HYPOTHESI S
SBQ = SBH
MBQ = MDH
OGQ = OGH

TABLE 4. 17

TEST OF HYPOTHESES RELATED TO BI D DI FFERENCES
BETWEEN CI Tl ES

Coefficient Value

for o T-statistic
-3.04 -1.005
-2.04 -0. 369
-2.04 -0.545
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Table 4.13). This conclusion is supported by analyses described above
wherein, using pooled Al buquerque/Houston data, bids adjusted for inconme
and sex were not found to differ between the two cities.

E.  CONCLUSI ONS

The central questions addressed in the policy bid experiment concern
the viability of the policy bid approach to neasuring benefits associated
with nonspecific, highly uncertain environnmental risk, the effects of
instrument framing on risk perceptions and other ideas related to
preference structures and, nore generally, the structure of major research
probl ens which nust be resolved in future research if the policy bid
approach is to be used to generate estimates of national/regional benefits
attributable to EPA regulations on hazardous waste disposal

Subject to the caveats discussed below, results fromthis initial
expl anatory research concerning the policy bid approach suggest, in the
authors' view, considerable promise for the viability of this approach in
applying the contingent valuation nethod. Lack of specificity in the CV
comodity per se does not appear to introduce the magnitude of distortions
that one might have expected a priori--although specificity-related
problens exist as noted below In this regard, the stability and
comparability of policy bids across different regions and across different
instruments, is encouraging (Tables 4.15 and 4.17). Study-participants
seemngly grasp the substance of the policy commodity as well as the
"marginal" nature of the comodity vis-a-vis the existing state of
environmental regulations (Table 4.14). Further, the effects of changes in
instrument framing are, in some cases, consistent with axiomatic behavior
predicted by received theory as well as with results obtained fromCV
studies involving nore specific environmental commodities (Table 4.8).
Finally, lack of specificity in the policy commodity seem ngly does not
imply the need, as initially expected, for extensive, time-consumning
intensive interview ng nethods.

A nunber of issues remmin for further research, however. The npst
important of these, as we know at the outset, of course, is the need for
measures of risk perception and changes in risk perceptions that are
elicited in contingent valuation settings. This is to say that we need the
capability of neasuring perceptions of risk in the pre-commopdity state as
wel |l as the perceptions that attend the policy bid offer. One conclusion
fromthis experiment is made forcibly: we nust understand the determinants
of risk perceptions if the policy bid approach is to be made operational
The framing of risk changes used in this study, was not affective. Neither
variations in the probability of containnent nor (indirectly, via
information) in the probability of damages resulted in significant changes
in policy bids predicted by our expected utility nodel. These results
could suggest problems with the expected utility framework. Mre |ikely,
however, is the possibility that our a priori hypotheses as to determnants
of perceived risk were faulty and/or or instrument frane failed to
adequately communi cate changes in risk. Thus, since individuals'
perceptions of the "50% effectiveness" assunption may have been sonething
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other than a AP; considerable attention in further research nust be given
to how one communicates incremental changes in risk; policy bids for 100%
contai nment were, of course, consistent with expected utility theory.

Aside from but relevant for, the risk perception issue, the question
as to how individual s perceive the non-specific comodity in the contingent
val uation process remains as an inportant issue. Here reference is made to
the "nmental accounts" notion: does the policy bid apply, as intended, to
the specific policy comodity or to something |like an environnental safety
account? Qur results show that individuals adjust their bids downward when
the policy commdity is valued within the context of other environnmenta
goods (Table 4.10) and that such adjustments are seemingly discerning in
nature (Table 4.11); our results are mxed in terms of the potential for a
sequencing bias in this adjustnent (Table 4.13). However, policy bids
adj usted for trade-offs with other environmental goods are the same as
those adjusted for trade-offs with environnmental _and non-environmenta
goods--individuals seemngly ignore non-environnental public goods in
adj usting their contingent valuation for an environnmental good (Table
4,12). Qoviously, results from one experiment in this regard does not nake
the case for the mental accounts notion; the case is made, however, for the
need for further inquiry in this area. If bids reflect an individuals'
“dunping" of an entire "account", we nust understand why. Potentially
troubl esone fram ng questions would then arise as to how one induces
individuals to consider one conponent in this account. Qur efforts in this
regard (Table 4.13) produce mxed results: enphasis on the marginal change
in the environnental safety state represented by our specific policy
commodity resulted in bids that were simlar to those obtained without this
enphasi s.

Finally, the effects of our commodity's |ack of specificity is seenin
the sensitivity of bids to instrument framing. Simlar to results obtained
in the Disaggregate Bid Experinent, couching the WIP question within the
context of explicit budget information, thereby calling explicit attention
to trade-offs between the policy comodity and other private goods/savings,
does not affect the policy bid (Table 4.8). Unlike the disaggregate bid
experinment involving a nore specific good, however, both the bidding
process and the introduction of other goods results in significant changes
in the policy bid (Tables 4.9 and 4.10). When the bid changes with each
change in framng, one sinply does not have a value which can be
interpreted as a preference researched bid: still nore changes in framng
may result in still nore adjustments in the bid. Further research is
clearly required which focuses on the devel opment of CV instrument the
results in bids which are reasonably insensitive to changes in framng. In
closing this chapter, we note a curious result from the research relevant
for this framng issue. Wiile bids do indeed change as the frame of the
contingent valuation changes, bid changes are affectively simlar in each
of the three cities studied in this experinment.
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REFERENCES

In the ozone experinent, changes in environnental risk are directly
related to an EPA policy on ozone levels: lower ozone levels directly
imply lesser exposure (risk) and, therefore, exposure danmges.

See T. Page, 1981.

See our earlier work in Cummings, et al., April, 1981, Chapter 8; see
also, Slovic, et al., 1983.

That such is the case is suggested by Slovic, et al., 1983.
See Kahneman and Tversky, 1982,

0G, = 0G, «wuld obtain in cases where individuals choose to allocate
no nore income to national defense and highway safety.

See Tolley and Randall, 1983.
See Schul ze, et al., My, 1981.

Funding for initiating the Houston/New Haven phase of the study was
del ayed from March to Septenber, 1982.

Desvousges, et al., 1982; their method draws on work reported in
Belsley, et al., 1980.
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CHAPTER V

THE OZONE EXPERI MENT

A. | NTRODUCTI ON

The ozone experiment developed in this chapter was undertaken to
satisfy a variety of objectives.

First, benefits of reducing anbient ozone concentrations are poorly
understood apart from the overall value of reducing photochem cal air
pol lution. Thus, devel opment of a methodol ogy for using the contingent
val uation technique for valuing reductions in ozone exposure to househol ds
was one objective.

Second, the contingent valuation approach has been applied using nai
surveys in some instances and interview surveying in other instances.
However, the conparability of the two approaches has never been
established. W acconplish that objective by enploying both mail and
interview surveying in valuing ozone reductions in six sanple comunities
in the Los Angeles area. Overall, although response rates are
substantially lower for the mail surveys, the two approaches give very
simlar results. This is quite surprising since we deliberately did no
follow ups to increase the response rate for the mail surveys because we
were interested in detecting non-response bias. This possible lack of
apparent bias has a nunmber of inportant inplications. For exanple, the
Bi shop and Heberlein study (1979) used mail surveys, but included actua
dol I ar payments for obtaining some bids. This study is inportant because
it includes actual, as well as hypothetical attenpts to repurchase hunting
permts. However, the applicability of the results of this study have been
limted because mail surveys nmight have differed substantially in bidding
outcomes from interview surveys. Also, if mail surveys are valid,
surveying for benefits of national environnental prograns could be
undertaken at a greatly reduced cost conpared to in person interviews. Qur
results as presented in Section C suggest that further research in this
area is warranted. W originally expected to reject mail surveying for
bi ddi ng games as conplex as the one used in this study.

The third objective was to obtain a better understanding of
environmental preferences and how those preferences mght affect the
| ocation decisions of individuals. As we show in Sections B and C
respectively, the theoretical and enpirical |inkages between survey
responses and hedonic property values have not been explored, yet, this is
a rich area for future research.

The fourth objective was to explore the consistency of daily bids for
air quality levels with annual bids for a positively desired change in the
frequency distribution of occurrence of those air quality levels. If



annual bids (as perhaps capitalized in the property value study discussed
below) are consistent with daily bids, as we show in Section E, then people
are plausibly perceiving both the inpact of daily changes in air quality on
annual air quality, and of daily bids on annual bids, correctly. Also,
this consistency, as shown in Section B, inplies that individuals' utility
functions are roughly separable over time in air quality.

Finally, the fifth objective was to attenpt to validate the contingent
val uation approach for ozone by conparison with a property value study,
which we present in Section D. The property value study has been plagued
by problems of multicollinearity. Distance to beach and the air quality
variables of interest, ozone proxying for sub-clinical health effects and
TSP (or extinction coefficient) proxying for aesthetic-visibility effects,
are all highly collinear in the Los Angeles area. A variety of techniques
were enployed to attenpt to solve this problem The technique which
appears to give the nost stable results is the principal conponents
approach. The precise economic-statistical inplications of this approach
are not well understood, so our results should be interpreted with caution.
However, the objective of obtaining a health vs. aesthetics valuation split
using a hedonic property value study is extrenmely inportant both for
policy, since existing regulations are primarily health based, and to allow
a conparison with the survey approach for valuing ozone. This conparison,
which is quite favorable, is made in Section E

B. THEORETICAL ISSUES IN | NTERPRETING DAILY BIDS FOR AR PCOLLUTI ON
CONTRCL

Two issues are of concern in analyzing individual daily bids for ozone
reducti on.

First, individuals will likely have very different tastes wth respect
to air pollution control. In a previous study (see Brookshire, Schulze, et
al., 1982; and Schul ze, et al., 1983) where individuals were allowed to bid
for differing levels of pollution abatement for the Gand Canyon, sone
i ndi vidual s had concave bid functions for reductions in air pollution
willingness to pay increased at a decreasing rate for better air quality)
whil e others had convex bid functions (willingness to pay increased at an
increasing rate for better air quality). The latter.case is usually

considered to be "pathological" in that nonconvex indifference curves are
implied for individuals with convex bid functions. However, this case is
not entirely inplausible for environmental comodities. |f individuals

value a pristine environnent very highly, but feel that a somewhat polluted
environnent is just as bad as a very polluted environment, then they wll
bid little for inprovenents in air quality to levels below pristine, but
bid relatively |arge amounts to achieve pristine air quality. W analyze
this type of behavior below, focusing on developing a sinple neasure of
tastes to reflect the convexity of bid and indifference curves for

anal yzing the frequency of occurrence of individuals with what we will term
"nonconvex environmental preferences" after the shape of the inplied
indifference curve. In addition, we show that with a well defined hedonic
property value nmarket for air quality, individuals wth nonconvex
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preferences should cluster in the |east and nost polluted areas avail able
and not be found in moderately polluted areas, Later, we exanmine this
prediction in terns of the occurrence of nonconvex preferences as estinmated
from our surveys conducted in a highly polluted versus a noderately

pol luted area of Los Angeles County. W also conpare the frequency of
occurrence of nonconvex preferences as obtained frommil versus interview
surveys to test for relative bias in sanpling between the two approaches.

The second issue is the validity of obtaining daily bids for air
quality inprovenents. Daily bids greatly sinplify survey design, clarity
and specificity, but inply a degree of separability over tine which may not
be entirely realistic. For exanple, an individual nay wish to have clean
air nmostly on the day of a planned tennis gane and care less if other days
during the week are polluted. The validity of enmploying uniform daily bids
for air quality inprovenents is evaluated below with a theoretical node
specifying the degree of separability of utility functions which would be
necessary to justify this approach.

To explore these issues, the follow ng notation will be used

Let
t =tinme in days (t=1, 2, 3, ...);
Pt = level of air pollution on day t;
Rt = reduction in pollution on day t;
Yy = consumer incone;
y, = consunption on day t;

and BEt: daily bid for air pollution reduction.

To evaluate nonconvex preferences, time will initially be deleted from
the analysis. Thus, consuner utility is taken to be a function of incone
and pol [ ution.

U(y,P) (5.1)

where the partial derivative U_ is positive and U, is negative. |If the
initial pollution level is P°,Ythe observed pol lution I evel is given by

P =P° -R (5.2)

where Ris the reduction in air pollution associated with the policy or
standard to be valued. The bid, or willingness to pay for pollution
reduction, denoted B, can then be defined using a conpensating variation-
measure by the followi ng equation

U(y°,P°) = U(y°- B, P°- R). (5.3)

The initial income and pollution levels y° and P° respectively give utility
on the left-hand-side of (5.3) which is set equal to the utility on the
right-hand-side determined by the new incone |evel (which is reduced by the
bid for pollution control to y°-B) and the new pollution level (which is

| owered by the reduction in pollution to P°-R). Thus the maxi num
willingness to pay for pollution control is B.
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Margi nal willingness to pay can be obtained by totally differentiating
(5.3) and solving for 3B/3R which yields:

oB/3R = ~U_/U_ > 0.
oB/a o' Yy (5.4)
This expression is strictly positive given our assunptions on the signs of

U and U . To obtain the curvature of the bid function inplied by (5.4)
wlth respect to pollution reduction, R we take 3(3B/3R)/3R to obtain

2 U U
a];:pP‘PoU- (5.5)
3R U ()< P

y y

The usual assunption would be that the bid curve would increase at a
decreasing rate in R so the expression in (5.5 would be negative. This
woul d be true if U_ <0 and U, <0 (or U__ > 0 and sufficiently small)
given that U > 0 BRd U < 0. YBuder these’Bssumptions the indifference
curve between y and R h8s the usual shape for positively desired
commodities as shown in Figure 5.1 and the bid curve appears as shown in
Figure 5.2. However, as indicated above, there is sone evidence that bid
curves for sone individuals may increase at an increasing rate. This wll
occur if U >0and U _ >0 for U_ < 0 and lu| sufficiently small).
Figures 5.8Pand 5.4 sh¥% the indif¥Brence and bill curves respectively for
the case of nonconvex preferences. Note also that the arrowin Figure 5.3
denotes the direction of preference, i.e., that y and R are desired
conmodi ti es.

To test for nonconvex preferences anmong our respondents, we estinate
i ndi vidual bid curves as a function of pollution reduction using the
follow ng functional form

B = kR" (5. 6)

where k and n are estinated ag sepgrate paraneters for each respondent.
Gven this functional form "8 R/3R takes the form

[

R
3°B/3R% = kn(n-1)R"2

v A
[ NeNe
M
33 3
v i A

1
0
1.
Thus, if the estimated parameter n is larger than unity for an individua
respondent, we have an indication that the individual has nonconvex
preferences as defined above. Further, we can treat n as a taste paraneter
reflecting the shape of respondents' indifference curves and plot frequency
distributions of n anong subsanples to see how tastes are distributed

bet ween our mail versus door-to-door surveys and how tastes are distributed
spatially as well.

This last point deserves further elaboration. Qur previous research
suggests that a well defined property value gradient for air pollution
exists in the Los Angeles area. This inplies that the cost of a hone or
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Figure 5.1: Convex Indifference Curve

y
= 10p
Uy <0
I
0
Figure 5.2: Concave Bid Function
B
- -Up
= Uy >0
0 R
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Figure 5.3: Concave Indifference Curve

Figure 5.4: Convex Benefit Function

L=
<
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apartment varies with air pollution level. \Were we denote this cost as
C(P) where C(P) < 0, consuners will choose a pollution "location" where
they maximze utility,

U(y° - C(P)s P)s (5 8)

over choice of P. The first order condition for maximzation of (5.8)
implies

U
5= = €' () (5.9)
y

or that the slope of the indifference curve as shown in Figure 5.1 should
lie tangent to the rent gradient which has a slope of C (P). The solution
to this problemis shown graphically in Figure 5.5 for the case of nornm
preferences where P = P° - R is substituted into (9) above yielding

18]
ﬁR = C'(P°-R). (5. 10)
y

In Figure 5.5, R = 0 represents the worst air quality available in the
region, where the air pollution reduction is zero. The vertical line at
R denotes the best air quality available in the region, where the air
pgifution is reduced to the maxi num extent possible. The cost of housing,
C(P°-R), is subtracted fromthe horizontal line y°~-y°, representing initia
income before housing cost is subtracted, yielding the net income curve
y°-C(P°-R). The indifference curve denoted | is tangent to the net incone

curve where pollution reduction is R* and the individual chooses to live at
a pollution level P = P°-R*. The individual has chosen to reduce pollution
by living in a less polluted area, but to pay a higher cost for housing
than woul d have obtained in the nost polluted area. Individuals wth
convex preferences would presunably have solutions like that shown in
Figure 5.5 with tangencies distributed between R = 0 and R However,

i ndividuals with nonconvex preferences will likely locate 8ﬁfy at R=0 or
at R as shown in Figure 5.6. Thus, for exanple, an individual with a

prefgggnce direction A (and associ ated nonconvex indifference curves) would
have a corner solution and |locate at point a, an area of maximm pollution.
An individual with preference direction B would al so have a corner sol ution
but locate at point b, an area of |east pollution.

Thus, we have as a theoretical prediction that individuals with
nonconvex preferences for air quality should cluster in the nost and | east
pol luted areas and that such individuals should be poorly represented in
moderately polluted area. W test this prediction by exanining the
relative frequency of occurrence of nonconvex preferences (as indicated by
n's greater than unity) in heavily versus noderately polluted areas in and
around Los Angeles. Qur enpirical results presented in a follow ng section
show remarkable consistency with this prediction.
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Figure 5.5
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Figure 5.6
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The second theoretical consideration is that of uniform daily bids.
In general, utility over tinme can be specified as

U(YI’yz, . . . yT; Pl’ Pz’ - . .9 PT) (5.1”

a function of expenditures on day t, y._, and pollution on day t, P_, for
all days over the planning horizon from t = 1tot =T. If individuals

coul d hypothetically purchase a reduction in air pollution on day t equa
to Rt by paying a cost ct(Rt) then the budget constraint woul d be

T
y - Zlyt -z Ct(Rt) (5.12)
t=

where we ignore the role of conpound interest or assune the planning
horizon is very short. Substituting P_ = P°_ - R into (5.11) where P°t is
the initial pollution level before reductiofs & are pur chased, the
consuner optimzation problemis to choose Y. and Rtto maxi m ze (5.11)
subject to (5.12). Where A is the Lagrange multiplIer on (5.12) and L
denotes the relevant Lagrangian, first order conditions are:

aL/ayt = Uy -A=20 (5.13)
t
and
= - - 1 <
aL/aRt Up Act £ 0. (5.14)
t
Combi ning these we obtain (for noncorner solutions)
U
-—E£-= c,' (5.15)
iy £ - :

The left-hand-side of (5.15) is effectively identical to the narginal bid
B/OR defined earlier as aB/3R = - U_/U_in (5.4) above. In both versions,
the nunerator is the marginal disutgligy of pollution while the denom nator
is the marginal utility of money (X here is the shadow price on the budget
constraint (5.12)). However, in this case 3B/3R is a fairly conplicated
expression since

Up (yl"..’ YT; Pl,...gPT)
- 5.16
3R ) (5. 16)

and as can readily be seen, the marginal disutility of pollution depends on
expenditure levels over tine, the date t, and on pollution |evels over

time. In terns of daily bids, A is, nost likely, practically fixed.
However, daily marginal bids nay well depend on whether the particul ar day
is one on which high expenditures are planned, a | ong weekend occurs, or

nei ghboring days are polluted or clear. This level of complexity would
make surveying for bids difficult if not infeasible.
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Thus, the approach taken has been to ask for an average daily bid
Anot her justification would be to assume that the utility function is
separable as foll ows:

T
U= uly seans vp) = tiln(pt) (5.17)

so utility derived from daily expenditures, u(y,,..., y.., is separable
fromthe disutility derived on any day from pollution, S(P) . Further,
disutility from pollution on day t, D{(P ) is separable from disutility on
any other day t', D(P_.). but the disutglity function D(P) is the same for
every day. In this case, narginal daily bids are of the form

D'(pt)

3B/3R = — (5.18)

where P_ = P°t - R . Except for some mnor interdependence through effects
on the marginal utility of noney, A, this inplies separability of daily bid
functions for air pollution control. This sinplicity is of great use in
survey design and also eases the task of calculating total benefits of
changing the frequency distribution of occurrence of air pollution |evels,
which is the actual effect of air pollution control prograns. However, as
we have tried to point out above, the assunptions to allow this
sinplification are extrene indeed

C.  THE CONTI NGENT VALUATI ON APPROACH

C.1 The Sanple Pl an

To provide a broad range of values for potentially relevant
variables, six survey areas were selected that varied in peak ozone
concentrations as well as in denographic characteristics.

The survey areas are in: La Canada and El Mnte (in the Wst San
Gabriel Valley); Canoga Park and Encino (in the San Fernando Valley); and
[rvine and Newport Beach (in North Coastal Orange County).

Figure 5.7 shows the location of the survey areas in the South Coast Air
Basin (SOCAB). The illustration also shows the nunber of Stage | Ozone
Epi sodes during 1981 in the SOCAB.

It can be seen that La Canada and El Monte had approxinately 50 such
epi sodes during 1981, the San Fernando Valley comunities had about 10 such
days and in Orange County, Irvine had 5 and Newport Beach 0 Stage One
Epi sodes. There is year-to-year variation in air quality measures apart
fromlong-run trends but these figures provide a rough measure to indicate
the diversity of ozone levels in the survey areas. Al so shown on Figure
5.7 are typical daytime wind patterns. These winds are largely responsible
for the intra-basin novement of airborne em ssions.
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Figure 5.7: Sanple Areas,

Nunmber of State One Ozone Episodes

in 1981 and Daytime Summer Wnd Patterns in the
South Coast Air Basin

.
| 1 l 1 I 1 mph

sty Bt

ERAT - TR T iy T
b “’\gi S h“ iti.j !!' R H rl;.’ /nu,nuu . - ?( '8\‘; . ‘ ', .\ ’ \1l J
;8 A . P - K W
‘,.f?.n.n [w’ ‘IJH ‘t{n{, B ‘ i. g )“.,‘z ‘
2 ... niuuv' it uqmm)mumnmmmu uunmmum-mmumm nfmmtlnwnmn"nh{n:u‘u:g gy
d - ?(\) "" \.;(n\ }"‘34
v o2

o ':'2'
| ""Y‘iﬁn . Newport g"' S
IJ‘ !

0 nfmw'- 3‘“. 2t m lu mn \b J‘

,.., 55 il - { ‘ .
w’! Y A |,} rl \5\.

R / . 1 .1‘}

Pz e [N, P P, il o} '~'n'~"‘m;' .Y BN ’.L"' B ), ,-'nl o
mptr " i "'*‘ [‘-‘e “~ & m"':", \‘J)- ",':‘\n‘l e "'\‘f‘."‘}‘ ‘/‘;,_'\! u‘u‘nﬂ( nuhnnhl\n unf'ht ,,
SCAQMD ;. : »-.3' ';‘ R ‘.’\ \\“(.p. . }%&kﬂw’ 3/ A ﬁ:' » J,{&l&w
AR M()Nll()::ING 5_‘ 3 et iy o Yo~ r) 9"2 AN ‘,d-f--.f‘"l/ ;1 ﬁ'cg‘“ﬁ: A
NETWOR n rCLoR YA ? ; $or i) il
p> 'f , )I ,)k‘“ ;¥ ¢ - 3? o m"&:‘\‘h‘\\;‘lgll‘ ’/ Ly ‘%hllu
ARY e Ny wEhe . 0
10820 SOCAB BOUNDARY La Canada Irvine | SR "" \ ‘.lfé(. ?'.)‘\‘@‘."" -r’
A MR IR B C A
®  AIR MONITORING STATION E1 Monté f& ‘.\/ “l";/)/‘ .')‘ 3 i g
. w nf10-15 Arrentin il ’ ""s?.#,‘,?f/'{ ) N4
¥ . s .
N

g 4 Jﬁu EXY ‘f' e N ,.'
0. n n?\ mmmqﬂ i “.:.J
\“.)/Il \ // Q \\\ AN S'.

it )'

i ¢ ‘ Vi t‘t! Q '[' ‘.‘I' 4
mph * ) } E(\‘s \) )s\' \a .% " ' ;:\ w ) .1) "}‘
.& N |_; ‘-\ '\ L .

@ Air monitoring discontinued at this site.
wp Typical Summer Daytime Ocean Winds

* Communities Surveyed

«~~=~|n 10-day intervals.
wemeeee ‘I 20-day Intervals.

* Source: "Season and Diurnal Variation in Air
Quality in California®s South Coast Air
Basin" 1981 Summary of Air Quality in
the South Coast Air Basin of California"”
Both published by South Coast Air Quality
Management District



Various denographic traits of the survey areas are presented in Table
5. 1.

When reviewing these traits, it should be kept in mind that no attenpt
was made to select a random sanple of SOCAB residents. Rather, the intent
was to provide sanple communities which would provide the w de range of
val ues sought in air quality and denographic measures

This sanpling technique is appropriate since the experiment was not an
attenpt to estimate aggregate benefits of ozone reduction across the SOCAB.

As can be seen, there is considerable variation anong the sanple areas
in nmost characteristics. Mean household inconme (in 1979) ranged from
$14,213 to $65,738. Further, within each air quality area there was
variation in 1979 nean incone: $14,213 and $65,738 in San Gabriel Valley;
$16,028 and $58,675 in San Fernando Valley and $32,096 and $43,528 in
Orange County. The desirability of |ow ozone levels made it virtually
impossible to identify a neighborhood with high air quality and |ow
i ncomes.

There was similar variation in other denographic variables: average
nunber of persons per household varied within each air quality area
al though the variation was less in the San Fernando Valley.

The San Fernando Valley survey areas also showed relatively little
variation in the fraction of the population that was nmore than 64 years
old. In both these cases in which the San Fernando Valley showed
relatively little variation, though, the values were internediate. That
is, there was no indication that the comunities selected for any air
quality area were extrene (except for the areas selected for extrene high
or low ozone |evels).

Wthin these broadly varied communities it mght be possible to
di scern meani ngful patterns in response rates or values of responses. The
results are discussed in sub-sections C.3 and C. 4 of this chapter.

C.2 Survey Design

Desi gn Consi derati ons

Survey-based bidding to estinmate the value of nonmarket
goods has been shown (Brookshire, et al., 1982) to be capable of producing
estinates consistent with alternative evaluation techniques. Reliability
in such estimates requires, however, that the object of the bid be a
wel | - defined and understandabl e good and that the paynent vehicle be
pl ausi bl e.

These are not trivial requirements in the case of basin-w de reduction
of ozone concentrations.

Ozone is known to be amobng the nost |ethal of gases (National Research
Council of the Rational Acadeny of Sciences, 1977) Even at the very |ow
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TABLE 5.1

U.S. CENSUS INFORMATION FOR SAMPLE AREAS*

Census No. of Mean % > 64 % Mean Travel

Community Tract No. Population Avg. Persons Households Income Years White Time to Work
La Cafada 4607 4903 3.03 1616 65,738 1.1 96.2 21 min.
El Monte 4334 9175 3.43 2673 14,213 7.1 72.7 21 min.
Canoga Park 1345 5645 2.40 2352 16,028 8.7 72.9 20 min.
Encino 1396 4319 2.60 1681 58,675 9.3 94.4 30 min.
Irvine 525.04 4340 3.16 1375 32,096 2.3 82.2 23 min.
Newport Beach 630.01 7528 2.25 3347 43,528 11.4 97.0 19 min.

*Source: 1980 Census.



concentrations (0 - 50 parts per hundred nillion) seen in SOCAB ozone has
been shown to have significant effects on human health and confort.

Qzone, however, exists as one of many irritants in photochem cal snog.
The effects of ozone in conbination with these other pollutants is poorly
understood. Even the effects of pure ozone have been difficult to exam ne:
ethical and logistical difficulties inhibit the study of long-term
intermttent exposure on human subjects while effects on experinental
animals vary considerably anmobng species.

The easily-identified effects of ozone exposure appear to be
reversible, but are not always easily explained. |In addition, sone of the
nost common effects of snbg (such as eye irritation) are typically caused
by conponents other than ozone.

QOzone is produced when certain em ssions (o0zone precursors) are
exposed to sunlight. |In SOCAB daytime on-shore breezes nove these
compounds inland during the exposure period, resulting in higher ozone
concentrations further inland (see Figure 5.7) with peak concentrations
during late norning and afternoon (Hoggan et al.) Because of nore intense
solar radiation ozone, concentration tends to be higher in sumer than
W nter.

The distribution of ozone concentrations within SOCAB varies wth
daily wind patterns, other meteorological phenomena and the |evel of human
activity which produces ozone precursors. The issue of ozone reduction then
is the issue of a probabilistic reduction of exposure to an agent with
probabilistic effects.

Early consideration was given to the use of a downward shift in the
annual distribution of daily maxi mum ozone concentrations as a bid object.
Wil e such a shift has the advantage of being the likely result of any
feasible ozone reduction policy, it could not be presented in a manner
suitable for a mail survey to the general population.

A specified ozone reduction on a specific day is nore easily
conmprehensi bl e but gives the choice of the day special significance.
Peopl e might reasonably have very different preferences anong weekends,
hol i days and ot her days and m ght even feel strongly about different
weekends during any summer nonth.

A bid object was finally selected which was intended to be fully
enough specified to elicit conparable responses from a w de range of
i ndi vidual s, but which avoided arbitrary specification of detail.

Identification of the good to be bid upon was acconplished by
referring to a nenorable day and using ozone levels on that day to define
the base level for bids to reduce ozone concentration on an unspecified
summer day.

Selection of the "nenorable" day was straightforward: the summer of
1982 was one of generally |low ozone levels, with a sharp increase just
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before and during the Labor Day weekend (see Figures 5.8-5.10). This |ast
maj or hol i day of the summer was also the tine of a major outdoor concert
(the US Festival). The coincidence of a severe deterioration in air
quality and an entertai nment spectacle caused wi despread news coverage of
bot h.

No such fortuitous event presented itself to aid in the designation of
a payment vehicle.

A fee placed on the enission of ozone precursors woul d involve at
| east noderately intrusive nmonitoring of private vehicle use. A payment
vehicle with substantial inconvenience would cause respondents' desire to
avoi d the inconvenience to mask their willingness to pay for ozone
reduction.

The nost workabl e paynent mechani sm seened to be a generalized price
increase with special attention drawn to increased operating costs for
vehi cl es.

The specification of a good to be bid upon and the designation of a
payment mechani sm constitute the core of the experiment. The bid questions
were suppl emented with a nunmber of other questions designed to provide
informati on about the respondent.

The Survey |nstrunent

Separate (but similar) instrunents were designed for each air
quality area surveyed (San Gabriel Valley, San Fernando Valley, North
Coastal Orange County).

Mail and Interview surveys differed only in that the Interview
i nstrunment included mechanical instructions to the interviewer to ensure a
uni form survey procedure. The survey instrunents are included in Appendix
A

Each survey instrument begins with a prol ogue which identifies the
research team but not the sponsor. This is followed by a review of ozone
effects and recent conditions in the survey area. After focusing attention
on Labor Day weekend, 1982 (see sub-section C. 2) the respondent is asked
whet her he (or she) or any family nember experienced any of the described
effects of ozone exposure. For each survey area the reference day is
different because the ozone peak occurred on different days in different
parts of the SOCAB. The questions for the San Gabriel Valley are

1. Didyou or any of the menbers of your immediate famly
experience any of the "ozone-induced" effects described above on
Thursday, Septenber 2?

Yes No (Pl ease Check)

2. If you answered yes, which of these synptons did you notice?
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Figure 5.8
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Figure 5.9
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Figure 5.10
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Your sel f Fam |y Menber
Synpt om

Decreased Vision

Mre frequent asthnma attacks

Cough, Chest disconfort

Q her (please nane)

Following this, the payment nmechanismis introduced and a bid is
solicited for specified reductions in ozone levels from the designated
peak. Three bids are solicited in the San Gabriel Valley, two in the San
Fernando Valley and one in Orange County. Questions from the San Gabri el
Val l ey are:

3. What is the nost your household would be willing to pay to reduce the
daily high ozone reading on that day from VERY POOR to POOR? Please circle
your answer.

$ .00 $2.00 $4.00 $6.00 $8.00 $11.00 $15.00  $35.00
$ .50 $2.50 $4.50 $6.50 $8.50 $12.00  $20.00  $50.00
$1.00 $3.00 $5.00 $7.00 $9.00 $13.00  $25.00  $75.00
$1.50 $3.50 $5.50 $7.50 $10.00 $14.00 $30.00  $100.00

4. What is the nobst your household would be willing to pay to reduce
the daily high ozone level on that day from VERY POOR to FAIR?

Pl ease circle your answer.

$ .00 $2.00 $4.00 $6.00 $8.00 $11.00  $15.00  $35.00
$ .50 $2.50 $4.50 $6.50 $8.50  $12.00  $20.00  $50.00
$1.00 $3.00 $5.00 $7.00 $9.00 $13.00 $25.00  $75.00
$1.50 $3.50 $5.50 $7.50 $10.00 $14.00  $30.00  $100.00

5. What is the nost your household would be willing to pay to reduce
the daily high ozone level on that day from VERY POOR to GOOD?

Pl ease circle your answer.

$ .00 $2.00 $4.00 $6.00 $8.00 $11.00 $15.00 $35.00
$ .50 $2.50 $4.50 $6.50 $8.50 $12.00 $20.00  $50.00
$1.00 $3.00 $5.00 $7.00 $9.00 $13.00 $25.00 $75.00
$1.50 $3.50 $5.50 $7.50 $10.00 $14.00 $30.00  $100.00

Imedi ately following the bid(s), the respondent is asked why they bid zero
if they did.

The respondents are then asked the extent of their outdoor activities
and how or if they change their behavior when ozone levels rise.
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The survey is concluded with a series of denpgraphic questions.
Included in the series is a question asking whether or not air quality was
considered in residential choice

Survey Procedures - Mi

Execution of the nmail survey was acconplished obtaining current
street address tel ephone directories for each survey area. These
documents, available from the local telephone utility, contain listed
t el ephone service custoners arranged by street address rather than
al phabetically in each service area. From these were taken residential
addresses within the preselected survey area. An initial goal of 500
nmailings in each area was nodified to accommbdat e somewhat fewer than
anticipated customers with listed nunbers in sone of the areas.

The surveys were nmiled during the first week of Decenber, 1982. Al
responses received before January 15, 1983 were included in the sanple if
they were conpleted. Four responses not included in the sanple were
received between January 15 and February 15, 1983

A series of nechanical and procedural errors resulted in a very snal
mailing to El Mnte in Decenber, 1982. To renmedy this tw additiona
mailings were required. The response rates were nearly identical in al
three nmailings. The results are treated as one group because of the smal
nunbers in each mailing response

No followup mailings or telephone calls were attenpted. This
strategy was adopted to exami ne the potential of a | ow cost contingent
val uation of environmental anenities. Such a device, if workable, would be
useful in the conduct of policy research regarding national or regiona
rather than local anenities.

A possi bl e extension of this approach could include a second mailing
to increase response rates. Such an effort would have to be very carefully
structured, though, since it would involve either the sacrifice of
respondent anonymity or the possibility of dual responses from sone
r espondent s.

Survey Procedures - Interview

A field supervisor was retained in Los Angeles to recruit and
manage interviewers and to review conpleted interview forns prior to their
shipment to Laramie. The supervisor is an individual experienced in, anbng
other things, hiring and training interviewers and managi ng fieldwrk. He
has consi derabl e experience and has successfully conpleted simlar
assignments for other research groups. Interviewers were selected
principally on the basis of successful experience in simlar survey
efforts. Other relevant criteria were availability of dependable
transportation, perceived ability to deal effectively with at |east one of
the sanple populations and interview ng skills.
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A nmenber of the project teamtraveled to Los Angeles to conduct a
training session with the field supervisor and interviewers. The training
session provided an opportunity for personal interaction with the
interviewers as well as describing project objectives

The session provided information to interviewers regarding the concept
of benefit neasurement, a review of previous related efforts and nock
interviews. The interviewers were remnded not to provide additiona
information to respondents about the research sponsors or its applications.

The training session was a valuable part of the survey effort with
i nterviewers gaining an understandi ng of the significance of the interview
process as a part of benefits assessnent.

Interviews were conducted during December 7-18, 1982, during the late
morning and afternoon. Interviews were conducted on weekends, as well as
weekdays to provide a full range of potential respondents.

Each interviewer was provided with a list of residents who had been
sent mail surveys and a street map of the survey area. They were
instructed to include all portions of the survey area in their attenpts
whil e avoi ding residences to which a survey form had been nailed. In two
of the survey areas (Canoga Park and Newport Beach) the interviewers were
obliged to survey in adjacent areas of simlar appearance to conplete the
desired nunber of interviews.

C. 3 Survey Results

There was considerable variation in response rates anong the five
survey areas. Table 5.2 presents response information for both interview
and mail survey efforts.

The interview response rate for resident contacts (those attenpts when
an adult-resident canme to the door) varied from24%in Canoga Park to 56%
in La Canada. There is of course no conparable rate for the mil survey.

Survey response rates are plotted agai nst mean househol d i ncome in
Figure 5.11. The nost obvious pattern that emerges is that the contact
response rate for interviews was in all cases higher than the mail response
rate. This is hardly surprising. There is no consistent pattern within
either the mail or interview groups. The Orange County communities had the
hi ghest nmil response rates but were in the mddle of the income range for
the communities.

Wthin air quality areas, the higher incone communities had | ower mai
response rates in Orange County and the San Fernando Valley, but higher in
the San Gabriel Valley. The San Fernando Valley interview effort reversed
this, with the higher income comunity having a higher response rate. The
San Gabriel Valley commnities had the highest response rates.
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TABLE 5.2: RESPONSE RATES AND RELATED INFORMATION

A B C D E F G
Reason for Refusal
Total Resident Refusals Do Not Consider Too Busy Other No
Attempts Answered Ozone to be a Reason
Door Problem Given
El Monte 54 44 14 2 4 7 1
La Cafiada 58 32 8 5 2 1
Communities Canoga Park 175 90 65 6 26 29 a4
Surveyed by Encino 80 33 14 6 7 1
Interview Irvine 55 36 1 1 7 1 2
Newport Beach 94 46 20 14 2 4
El Monte 519
La Cafiada 401
Communities Canoga Park 295
Surveyed by Encino 616
Vail Irvine 383
Newport Beach 408

(Table 5.2, continued)
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Table 5.2 (continued)

H 1 J K 1 M
Flawed Completed Cross Non- Net Contact
Surveys Surveys Response Protest Response Response
Rate Surveys Rate Rate
{1zA) (K=A) (K:B)
El Monte 2 28 .52 23 -43 .52
La Cafiada 4 20 .34 18 .31 .56
Communities Canoga Park 1 24 14 22 =13 -24
Surveyed by Encino 5 19 .24 15 .19 .45
Interview Irvine 1 24 .43 18 .32 .50
Newport Beach 1 25 .27 18 .19 .39
EI Monte 1 15 03 11 02
La Caiiada 6 37 .09 32 .08
Communities Canoga_Park 15 22 .07 20 07
Surveyed by Encino 23 04 19 03
Mail Irvine 60 .16 53 .14
Newport Beach 18 52 .13 42 .10




Response Rate (percent)

55

50

45

40

35

30

25

20

15

10

ey

{ MJint Ien Dun Bt B e ¢

Tty

LA ZLAN B S AN UL S A B

Figure 5.11:

Response Rates and |ncone

for Survey Areas

* Orange County

¥ San fFernando Valley

[l San Gabriel Valley

INTERVIEW RESPONSE

J MAIL RESPONSE

3
{

.

20 30

Mean Househol d

157

| ncone,

T

T

40 50 60

1979 ( x $1000)



In short, neither nmean household income nor air quality within a
survey area has an obvious relationship to response rates for either nai
or interview surveys.

The net response rate (percentage of survey attenpts resulting in
conpl eted surveys that did not protest the fairness of a
pol [ ution-reduction charge) was as mght be expected, higher for the
interview survey than for the mail survey.

Responses to survey questions are summarized in Table 5.3. The
responses are grouped by air quality area

The responses to question 7 are scaled as 1, 2, and 3 respectively for
Rarely, Cccasionally and Often and sumred for each respondent. This
produces an index of outdoor activity with a potential range of 0-24.

Apart fromthe bids (which are exami ned nore closely below) there
appears to be a remarkable simlarity between nail and interview
respondents in each air quality area. Mean years in current residence (#9)
and nmean years in the Los Angel es area (#10) are very close for
both mail and interview sanples. Ml respondents tend to he somewhat
ol der (#15) and nore educated (#14) than interview respondents and are mnuch
more likely to be nmale (#16). This difference presunably reflects the fact
that interviews were conducted on weekday afternoons as well as evenings
and weekends.

Apart fromthese responses, no clear pattern energes to differentiate
mai |l and interview respondents across air quality areas: San Gabriel
Valley (SG numil respondents noticed ozone-induced synptons nore often but
had |ower mean bids; in the San Fernando Valley (SF) mail respondents in
Enci no noticed ozone-induced effects | ess often and bad higher nean bids
whi | e Canoga Park residents noticed the effects nore often and had higher
mean bids. Orange County (OR) nmil respondents noticed the effects |ess
often and had |ower nean bids. Mean income was |ower for nail respondents
in SG higher in SF and OR

C.4 Analysis of the Data

The survey results are exam ned through three different
techniques in an attenpt to discern nmeaningful patterns in respondents
bi ds.

Tables 5.4-5.6 report the results of linear regression nodels of each
bid level. That is, the bid of each specified ozone reduction is entered
as the dependent variable in the regression. The bid is "explained" by the
sel ection of independent variables: household income (INC), education (ED),
an index of outdoor activities (ACT), and either years in current residence
(YH or years in the Los Angeles area (YLA). A separate equation is
calculated for interview and mail respondents in each air quality area.
Wil e these Eauations have limted explanatory power, as neasured by each
equation's R% some of the results do warrant commrent
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TABLE 5.3

Question #. 1 3 4 5 7 9 10 11
Community Symptom CBID BBID ABID Activity Years in Years in Consider
% Yes ®) ®) ®) (Index) House (Yrs) L.A  (Yrs) Alr Quality,
Mean Mean Mean Mean Mean Mean (% Yes)
(SD) (SD) (SD) (SD) (SD) (SD) (CD)
La Cafiada
Interview 16.7 15.92 16.92 24 .75 8.06 11.83 27.56
N=18 - (31.18) (31.05) (36.08) (5.05) (9.62) (16.92) 55.6
Mai l 46.9 .70 T3.66 20.97 7.00 TZ.03 78.56
N-32 - (18.59 (19.83) (26.24) (4-33) (10.09) (19.45) 40.6
El Monte
Interview 21.7 3.61 5.17 11.30 3.09 10.00 26.17 17.4
N=23 : (7.32) (9.50) (25.24) (3.41) (9.72) ar. 14 i
Mail 63.6 1 82 S. /3 15.86 6.36 11.82 23.82 9.1
N=11 - (2.05) (2.90) (28.71) (4.99) (12.67) (15.32) -
Canoga Park
Interview 27.3 4.82 8.59 7.77 5.64 18.77 13.6
N=22 ) (6.40) (14.01) (6.18) (5.63) (10.18) )
Mail 30.0 7.53 7.75 5.40 4.45 19.75 40.0
N=20 - (22.15) (22.10) (2.52) (3.36) (16.28) -
Encino
Interview 2.57 3.23 4.27 8.27 21.73 6.7
N=15 60.0 4.17) 4.79) (3.86) (8.07) (14.34) -
Mail 8.18 12271 721 T10.37 24 TT 26.3
N=19 31.6 (12.84) (22.48) (4.10) (8.04) (18.19) :
Irvine
Interview 16.08 4.22 4.67 24.28
N=18 38.9 (31.37) (3.19) (2.97) (17.75) 94.4
Mail 4.46 9.04 4.79 1402
N=53 22-6 (5.58) (4.00) (3.23) (13.26) 1.7
Newport Beach
Interview 38.9 9.83 7.22 12.33 20.50 72 2
N=18 B (25.63) (4.49) (6.61) (11.76) )
Mail 4.77 6.55 12.81 31.67
73.
N=42 19-0 (15.41) (3.62) (8.79) (19.74) 3-8
(Table 5.3, continued)
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Table 5.3 (continued)

Question #: 12 14 15 16 17 18 19 20 21
Community Info Education Age Gender Household Size Primary Residence Own or Income
Index (Years) (Years) % Male (Persons) Earner (% Detached) Rent ($000)
Mean Mean Mean Mean % (% Own)
(SD) D) (5D) (SD) (SD) (SD) (D)
La Canadg
T AR g @l me gy wr weo  we @R
e (o e (o) 83 (Ls5) 87 100-0 %8 Gse7y
El _Monte_
e o0y &.08) (13.53) 43-5 .70 65.2 87.0 %6-5 (0.49)
" (19) (62) (21.02) %4 .00 63-5 i °3-6 (11.53)
Canoga Pa_lrk
gt p&n FoR) G635 54.5 %) 40.9 7.3 31.8 (ﬁf gg)
Mail 1.35 15.00 36.70 90.0 2.10 75.0 250 250 28.30
N=20 (.88) (2.29) (11.24) (1.45) (20.26)
Encino i
I n_tﬁi\llgew (56) (68) (16-61) 1090 (1-30) 207 % -3 (20.5%)
" 1o %% oD (Aié: Z‘Z) 68.4 (i'.gf) 63.2 42.1 52-6 Gron)
Irvine )
In_tﬁzr\lléew () (159 (2.62) 38-9 (0% 38-9 100- 8-9 Gr11)
T I &% oo w1 wme ow
Newport I_Beach
e (56) @8y asen 383 (20 16-7 100- 944 (16.9)
"o (s9) @ G100y 87 (o 92.9 81.0 87 %




TABLE 5.4

REGRESSION RESULTS FOR BID ESTIMATES
SAN GABRIEL VALLEY SURVEY

R CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)
CBID
INTERVIEWER RESPONSES:
9.01 .30 -40.23 -.23 .05 3.48 1.93
(21.93) (-2.13) (-1.57) (.16) (2.18) (2.41)
9.01 .31 -43.82 -.24 .12 3.55 1.98
(21.93) (-2.28) (-1.64) (.66) (2.24) (2.51)
MAIL RESPONSES:
7.69 .30 -27.32 .19 .65 .62 1.29
(16.38) (-1.55) (1.57) (2.98) (.47) (2.38)
7.69 .25 -37.57 .08 .31 1.64 1.08
(16.38) (-1.95) (.62) (2.37) (1.20) (1.96)
BBI1D
INTERVIEW RESPONSES:
10.33 .33 -37.52 -.26 .03 3.36 2.27
(22.23) (-2.00) (-1.82) (.10) (2.13) (2.86)
10.33 .34 -41.28 -.27 .12 3.43 2.33
(22.23) (-2.15) (-1.89) (.65) (2.18) (2.99)
MAIL RESPONSES:
11.12 .31 -23.83 -30 .66 .37 1.12
(17.64) (-1.26) (2.30) (2.83) (.26) (1.93)
11.12 .21 -29.04 .20 .21 1.25 .84
(17.64) (-1.36) (1.45) (1.44) (.82) (1.38)
RBID
INTERVIEW RESPONSES:
17.21 .24 -.29 -.12 -.17 AT 3.32
(30.81) (-.01) (-.56) (--36) (.20) (2.83)
17.21 .24 -.26 -.12 -.06 .45 3.36
(30.81) (-.01) (-.56) (-.24) (.19) (2.89)
MAIL RESPONSES:
19.66 .15 -5.21 .42 .52 -.19 .34
(26.64) (-.16) (1.93) (1.3 (-.08) (.36)
19.66 .12 -8.50 .35 .15 .48 211
(26.64) (-.25) (1.56) (.64) (.20) (.12)
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REGRESSION RESULTS FOR BID ESTIMATES

TABLE 5.5

SAN FERNANDO VALLEY SURVEY

z CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)
BBID
INTERVIEW RESPONSES:
3.90 .12 .29 -.01 -.04 .16 .32
(5.65) (.04) (-.19) -.31 (.26) (1.76)
3.90 .13 1.12 -.02 -.05 .17 .33
(5.65) (.15) (0.33) (-.64) (.27 (1.83)
MAIL RESPONSES:
7.26 .04 -7.84 -.02 .42 .69 .31
(17.85) (-.32) (-.11) (.85) (.42) (.33)
7.43 .06 16.92 -.04 .23 1.09 .59
(18.07) (-.63) (-.26) (1.79) (.62) (.62)
ABID
INTERVIEW RESPONSES:
6.42 1 -2.37 -.10 -.12 .70 -49
(11.43) (-.16) (-.84) (-.42) (.55) (1.32)
6.42 A1 -1.76 -1 -.06 .71 .50
(11.43) (-.11) (-.96) (-.37) (.56) (1.35)
MAIL RESPONSES:
9.66 .06 -21.02 .04 .45 1.55 .29
(22.34) (-.69) (.23) (.72) (.75) (.24
9.86 .08 -31.82 .01 .27 2.02 .56
(22.61) (-.951 (.06) (1.15) (.93) (.47)
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REGRESSION RESULTS FOR BID ESTIMATES

TABLE 5.6

ORANGE COUNTY SURVEY

R CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)

ABID

INTERVIEW RESPONSES:
10.83 .26 24.30 -.22 -.88 -.19 3.43
(25.49) (.57) (-.78) (-1.14) (-.37) (2.61)
13.53 .19 92.95 .009 .20 -7.09 3.35
(29.50) (2.01) (.03) (.56) (-2.22) (2-09)

MAIL RESPONSES:
4.60 .01 -5.35 .03 .0009 .52 -.02
(10.99) (-.47) (.49) (.006) (.72) (-.06)
4.60 .02 -8.94 .02 .06 .67 .05
(10.99) (-.77) (.33) (.86) (.91) (.15)
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The outdoor activity index (ACT) is the only variable that has even
nodest statistical significance in nost of the equations. This finding is
not startling; it even provides npdest confort that a variable so closely
tied to outdoor air quality is not generally irrelevant. A noteworthy
feature of ACT's pattern is that the sign of the coefficient is positive
wherever it has even nodest significance (the exception in fact has t =
-.06).

In each air quality area the t-statistic is higher for ACT in the
interview sanple than for the mail sanple. This difference is nost extreme
in Orange County.

The Orange County sanples also show the npst extreme difference in
magnitude for the estimated coefficient of ACT. In SGthe mail and
interview ACT coefficients diverge with the degree of ozone reduction.
That is, the ACT coefficients for CBID are conparable in both forms of the
equation. The differences are greater for BBID and extreme for ABID.

The coefficients for ACT are all roughly conparable in the SF sanples.

The Orange County mail and interview equations differ to an extent
that is disturbing. This is especially so since the two Oange County
comunities were nore simlar than those in other air quality areas and had
much higher nail response rates.

The nost extreme difference between the nmail and interview responses
(Table 5.3) were in ABID (with nmail lower) and percentage of respondents
who were household primary earners (mail lower). This latter difference
was seen in SG and SF also, but mail respondent bids were generally higher.

This consistency, with typical expectations, is not shown in other
variables. ED, for instance, shows npderate statistical significance with
positive coefficients in SG but in SF has statistical significance in only
one equation, when the coefficient is negative.

This general inconsistency of sign and statistical significance
suggests that considerable subtlety will be necessary to provide
expl anation of ozone reduction bids.

To determine the influence of "outliers" on the regression estinates,
a technique devel oped by Belsley, Kuh and Wl sch (1980) (B-K-W and
previously applied by Desvousges, Smith and MGvney (1982) (DS M was
adopted. The B-K-Wstatistic, DFBETA, neasures the effect of an individual
observation on the estimated coefficients in a regression nodel.

It is estimated by Equation:
(XTX)-lx Te
DFBETA = b - b(i) =

i-h
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where h, is Xy (XTX)‘lxiT and the e,, are the ordinary |east squares
residuals. s

Following D-S-M #30 percent in any coefficient was taken as the
standard for defining an outlier. The nunber of outliers detected was
quite small: 1 each in 2 of the 12 SG equations; 1 each in 2 of the eight
SF equations; and 1, 3 and 4 in 3 of the four OR equations. The
re-estimated equations, with outliers remved, are presented in Tables
5.7-5.9. These revised equations differ substantially only in the constant
term ,which was in all cases the term associated with a |arge DFBETA.

An examination of the difference between the mail and interview
sanples is presented in Table 5.10. The mean and standard deviation of
each sanple bid is presented for the conplete sanple and for the sanple
with outliers renoved from each of the two regressions. For each pair of
mail and interview bid sanples, Student's t is calculated. This statistic
tests the hypothesis that the two sanples are drawn from the sane
popul ation, with the difference in the means being a result of variation in
t he popul ati on.

In no case can this hypothesis be rejected at the .05 | evel, and even
at the .10 level the hypothesis can be rejected only in Orange County.

This result is remarkable for a number of reasons. The |arge
difference in response rates might have been suspected of being an
indication of mail respondent self-selection and thereby causing sanple
bias. This possibility seemed especially troubling given the inherent
conplexity of both the substantive nmaterial and the survey instrunent.

The interview respondents, with interviewers available to explain the
material, had a less rigorous experience. This conplexity my have
substantially contributed to the self-selection of mail respondents with
hi gher mean education than interview respondents. The mail respondents had
mean years of education at |east one year higher than interview respondents
in all comunities except Newport Beach, which had the highest interview
respondent education level, 15.78 years.

The nmean bids have a large standard deviation in all comunities at
all levels. This is to be expected for valuation of a public good

Private goods, the benefits of which can be appropriated exclusively
by one user, have large variations in quantity purchased at a price that is
uniform for all buyers. Denand estinmation is acconplished by estimating
i ntended, desired or potential purchases by different individuals at
varying prices.

Public goods cannot, by definition, be made available in different
anounts to separate users; they are available in the sane amount to al
users, as is air quality in a given area

The estimation of "demand" in this case is acconplished by estimating
the prices different users would be willing to pay for a given amunt of
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REGRESSION RESULTS FOR BID ESTIMATES

TABLE 5.7

(With Outliers Removed)
SAN GABRIEL VALLEY SURVEY

Rz CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)
CBID
INTERVIEWER RESPONSES:
11.25 .29 -46.77 -.24 .05 3.90 2.04
(24.41) (-1.98) (-1.41) (.09) (2.02) (1.99)
10.31 .31 -50.39 -.25 .15 3.88 2.18
(23.52) (-2.24) (-1.59) (.74) (2.17) (2.33)
MAIL RESPONSES:
8.15 .33 -29.10 .19 .73 .73 1.22
(16.90) (-1.60) (1.56) (3.16) (.52) (2.05)
7.90 .26 -43.62 .05 .33 2.12 .99
(16.94) (-2.01) (.37) (2.32) (1.34) (1.62)
BBI1D
INTERVIEW RESPONSES:
12.86 .32 -43.16 -.28 .02 3.72 2.38
(24.63) (-1.84) (-1.62) (.05) (1.95) (2.35)
11.80 .34 -47.44 -.29 .15 3.71 2.54
(23.78) (-2.13) (-1.82) (.73) (2.10) (2.74)
MAIL RESPONSES:
11.33 .36 -24.83 .30 .79 .33 1.16
(18.14) (-1.30) (2.33) (3.27) (.23) (1.85)
11.08 .23 -31.28 .19 .26 1.34 .83
(18.23) (-1.31) (1.25) (1.64) (.71 (1.23)
AB 1D
INTERVIEW RESPONSES:
21.59 .19 2.10 -.12 -.31 .44 3.25
(33.67) (.06) (-.47) (-.42) (.15) (2.16)
19.81 =21 -.19 -.12 -.06 .40 3.41
(32.68) (-.01) (-.50) (-.21) (.15) (2.45)
MAIL RESPONSES:
20.33 .19 -10.66 .42 .67 .26 .08
(27.37) (-.33) 1.90) (1.61) (.10) (.08)
20.08 .15 -4.58 .39 .21 .21 -.21
(27.51) (-.12) (1.63) (.87) (.07 (-.20)
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REGRESSION RESULTS FOR BID ESTIMATES

TABLE 5.8

(With Outliers Removed)
SAN FERNANDO VALLEY SURVEY

R CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)
BBID
INTERVIEW RESPONSES:
3.90 .12 -29 -.01 -.04 .16 .32
(5.65) (0D (-.19) (--31) (.26) (1-76)
3.90 .13 1.12 -.02 -.05 .17 .33
(5.65) (.15) (-.33) (.64) (.27) (1.83)
MAIL RESPONSES:
7.26 .04 -7.84 -.02 .42 .69 .31
(17.85) (-.32) (-.11) (.85) (.42) (.33)
7.43 .06 16.92 -.04 .23 1.09 .59
(18.07) (-.63) (--26) (1.19) (.62) (.62)
ABID
INTERVIEW RESPONSES:
6.42 A1 -2.37 -.10 -.12 .70 .49
(11.43) (-.16) (-.84) (-.42) (.55) (1.32)
6.42 -1 -1.76 0.11 -.06 .71 -50
111.43) (-.11) (-.96) (-.37) (.56) (1.35)
MAIL RESPONSES:
9.66 -06 -21.02 .04 .45 1.55 .29
(22.34) (-.69) (.23) (.72) (.75) (.24)
9.86 .08 -31.82 .01 .27 2.02 .56
(22.61) (-.95) (.06) (1.15) (.93) (.47)
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TABLE 5.9

REGRESSION RESULTS FOR BID ESTIMATES
(With Outliers Removed)
ORANGE COUNTY SURVEY

r2 CONST INC YH YLA ED ACT
Mean Beta Coefficients
(Standard Deviation) (t-Statistic)
IABID
INTERVIEW RESPONSES:
10.83 .26 24.30 -.22 -.88 -.19 3.43
(25.49) (.57 (-.78) (-1.14) (-3 (2.61)
13.53 .19 92.95 .009 .20 ~7.09 3.35
(29.50) (2.01) (.03) (.56) (-2.22) (2.09)
MAIL RESPONSES:
4.60 .01 -5.35 .03 .009 .52 -.02
(10.99) (--47) (.49) (.006) 72 (-.06)
4.60 .02 -8.94 .02 .06 .67 .05
(10.99) (-.771) (.33) (.86) (.91 (.15)
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TABLE 5.10

t-TESTS FOR DIFFERENCES BETWEEN MAIL AND INTERVIEW SAMPLES

Years in House Years in L.A.
Outliers Removed Outliers Removed
San Mean t- Mean t- Mean t-
Gabriel N (Stan. Dev.) Stat N (Stan. Dev.) Stat N (Stan. Dev.) Stat
CBID
Interview 41 9.01 34 10.60 32 11.25
) (21.93) (23.81) (24.41)
Mail 43 7.69 .31 4 7.76 .59 4 8.00 .64
(16.38) (16.76) (16.71)
BBID
Interview 41 10.33 34 12.13 32 12.86
(22.23) (24.05) (24.63)
Mail 43 11.17 -.18 41 11.29 17 41 11.54 .26
(17.65) (18:05) (17.96)
JABID
Interview 41 17.21 34 20.37 32 21.59
(30.81) (33.01) (33.67)
Mail 43 19.67 -.39 41 20.20 .02 41 20.44 .16
(26.65) (27.18) (27.04)
San
Fernando
BBID
Interview 37 3.91 37 3.91 37 3.91
(5.65) (5.65) (5.65)
Mail 39 7.85 -1.30 38 8.03 -1.33 39 7.84 -1.30
(17.99) (18.19) (17.99)
ABID
Interview 37 6.42 37 6.42 37 6.42
: (11.43) (11.43) (11.43)
Mail 39 9.92 -.87 38 10.13 -.91 39 9.92 -.87
(22.10) (22.36) (22.10)
Orange
County
ABID
Interview 36 12.96 33 13.53 32 10.83
(28.41) (29.50) (25.49)
Mail 95 4.66 -1.72* | 95 4.60 -1.70* 94 4.65 1.33
(10.99) (10.99) (11.04)

*Reject Ho at .10 level
ot =1y

Hy s g # 1y
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the good. Since there is variation in individual preferences, one would
expect large variation in this bid estimate just as one woul d expect |arge
variation in quantity estimates for a private good at a particular price

The third technique applied to the data exam nes changes in individual
bi ds over ozone-reduction intervals rather than aggregating individual bids
for a specific reduction.

In this effort an equation of the form

is estimated, where B, is a household's bid for the ith ozone-reduction
interval, R, is the réduction and A and n are coefficients to be esti mated.
(See Sectiofi B for an exanination of theoretical aspects of this bid
equation).

For each respondent there are three observations in the San Gabriel
Valley (fromDto C, fromDto B and fromD to A) and two in the San
Fernando Valley (fromCto B and fromCto A). Wth only one bid per
respondent, an estinate of the equations in Orange County would be
meani ngl ess.

To estimate the equations, the ozone reductions were taken to be from
the midpoint of the reference interval to the nmidpoint of succeeding
intervals. That is, R1 in SGis from38.75 pphm (the midpoint of D as
depicted), to 27.5 pphm (the nidpoint of C, or a reduction of 11.25
Simlarly in SGis 17.75 (fromD to the mdpoint of B, 14.5) and R3 is
32.25 (38.75 to 6.5).

In SF, bids begin at the midpoint of C (27.5) so that R is a
reduction of 6.5 and R2 is 21.

The results of these efforts are presented in Figures 5.12-5.13. The
vertical axis is nunber of respondents in each category. The bar to the
left of the origin shows the nunmber of respondents who bid zero at al
level s (This does not include "protest zeroes").

The nunbers to the right of the origin are values of n.

The distribution of values for n of respondents has a pronounced
pattern: In the intermediate ozone level area sanpled (SF) the range stops
at approximately 1.0 except for one observation. Al three observation in
the 1.0-1.1 range actually have estimated values for n of 1.026. In the
hi gh ozone level area sanpled (SG estinmated values for n continue beyond
unity ranging beyond 15.

The termnation, at approximately 1.0 exists in both interview and
mail sanples in the San Fernando Valley (with the one exception); the
continuation of the range in the San Gabriel Valley |ikew se exists in both
sanpl es.
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As shown in Section B, values for this coefficient less than unity are
consi stent with the concave preference functions typically assumed by
econom sts to exist. Values greater than unity indicate increasing
marginal utility of ozone reduction. |Individuals for whomn > 1 would be
expected to |locate thenmselves in areas of extreme air quality (whether high
or low) unless there were a conpelling preference unrelated to price and
ozone levels in residential choice (a desire to be near one's job or one's
chil dhood nei ghborhood for exanple).

This statenent warrants sone further el aboration, since it seems to
suggest the existence of "extremists" who are little concerned with which
extreme they choose

A coherent description of the preferences of an individual with n > 1
woul d include the observation that such an individual places a relatively
hi gh value on preservation of air purity at a very high level. This person
woul d place a | esser value on preservation of air purity if air quality had
already been significantly degraded

Conversely, a relatively Ilow value would be placed on an incrementa
i nprovenent in air quality unless the increment would "restore" pristine
air. Each succeeding increment would have higher value. The fina
increment would have a higher value than any preceding inprovenent.

This person, with non-convex preferences, is to be contrasted with the
typi cal person found in economnm ¢ anal ysis who places ever snaller value on
succeeding increnents in availability of any good. The inprovenment that
brings air quality to a pristine state froma slightly inpaired condition
woul d be valued | ess than a sinmilar inprovenent in seriously degraded air
This parallels the expectation that a given ration of food would be val ued
nore if a person had been deprived of food than if the same person were
near full satiation.

Individuals with convex (i.e., "nornal") preferences nmay have very
different tastes regarding air quality. Sonme nay place very high val ues on
cleaner air and others may regard air quality as insignificant relative to
all other considerations in residential location. The convex indifference
curve shown as Figure 5.1 inplies only that successive inprovenents in air
qual ity have values that are |less than earlier inprovenents. These early
i mprovenents nmay have very high as well as very |ow val ues.

These "normal" individuals can "purchase" a conbination of air quality
and ot her goods by choosing a location along the pollution-rent gradient
depicted in Figure 5.5

Individuals wth non-convex preferences, though, would not be inclined
to choose any internediate level of air quality.

If, froma location with [owest air quality, such person were wlling
to "purchase" a small inmprovement (by noving to an area with slightly
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hi gher air quality), he or she would be willing to purchase nore since each
successive inprovement has higher value

Wth such a preference system a person would be inclined to choose
the highest possible air quality. If the premium for this |level, though,
were deemed to exceed the value, the second choice would not be sone
internediate air quality location, but an area with low air quality.

These individuals differ from those with convex preferences not
(necessarily) in the strength of their preferences for clean air as opposed
to other goods but in the relative assessment of the value of inprovenents
inair quality.

Thus we night find as neighbors in a |owpollution area one person
with convex preferences who places a very high value on a small initia
i mprovenent and very small val ue on succeeding inprovements and anot her
person who places very snmall values on any inprovenment in air quality
unless it brings pristine air.

The former would be little inconvenienced if local air were slightly
degraded. The latter would protest vigorously or nove

Similarly, a high pollution area mght contain some people who would
make substantial sacrifices for a small inprovement in air quality (but
| ess than the housing-cost differential of such an area) and others who
woul d make essentially no sacrifice unless it would bring pristine air.

These are of course the extreme cases. The inportant point is that
persons wi th non-convex preferences would not generally locate in areas of
internediate air quality. The individuals are, of course, concerned with
whi ch extreme they choose.

San Fernando Val |l ey respondents had, with one exception, convex
preferences. San Gabriel Valley respondents included a nunber of people
wi th non-convex preferences.

This distribution of preferences is that inplied by the theoretica
devel opment in Section B. A very small number of individuals with
non- convex preferences woul d be expected in intermediate air quality areas
of other communities to exist with simlar anenities differing only in air
quality.

The Los Angeles area, with its very diverse nmix of neighborhoods would
be expected to offer very high or very lowair quality locations with
anenities sinmlar to the San Fernando Valley comunities in this study.

I ndeed, one suspects alnost any conceivable amenity nix could be found

The agreenment between the pattern inplied by a theoretica

consi deration of |ocation choice and the estimated values of n in high and
internediate ozone level comunities is rather dramatic.
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The coefficient n can be thought of as a variable reflecting tastes.
That it appears to be significant in residential choice suggests that
exam nation of other variables reflecting tastes might be fruitful

The activity index, ACT, used in regression nodels can al so plausibly
be interpreted as a taste variable. Gven the broader range of "tastes",
as neasured by n, extent in the San Gabriel Valley than in the San Fernando
Valley, one mght expect a taste variable to have nore significance in SG
than in SF. This is so in the mail sanmple, but not in the interview
sanpl e. In fact, in SF and OR regressions ACT carries substantially nore
significance in interview than mail sanples.

A greater relative inportance of taste in explaining bids is, however,
suggested by the nmuch larger coefficients for ACT in SGand OR than in SF
in cases where the coefficient has even a low level of statistica
significance.

Qpportunities for further research are indicated by the apparent
conplexity of the patterns involving survey response, respondent |ocation
decisions and other characteristics and bid |evels.

D. THE PROPERTY VALUE APPROACH

D.1 Introduction

Previous research efforts have found survey results to be
generally consistent with the hedonic housing value approach (Brookshire,
et al., 1982), a hedonic wage analysis (Cunmings, et al., 1982) and the
recreation-based travel cost method (Desvousges, et al., 1982). In
addition, surveys have been found to be internally consistent and
conpatible with demand theory (Schulze, et al., 1981). However, the debate
over the validity of survey results continues in spite of these previous
successes.

The purpose of the research reported in this sectionis to add to the
literature concerning the validity of surveys designed to ascertain the
val ue of environnental goods. This is acconplished by undertaking a
detailed analysis of the relationship between housing values and ozone
concentrations in the South Coast Air Basin. The objective was to devel op
an ozone based rent differential to conpare to the survey results presented
in the previous section. This is in accord with the theoretical treatnent
in Brookshire, et al. (1982).

The research described herein enconpasses two separate but related
housing value studies. First, the housing value anal ysis was conducted in
Los Angeles County. Second, the study area was expanded to include the
remai nder of the South Coast Air Basin (Orange County, Riverside County,
San Bernardino County). This was done to overcome enpirical difficulties
The research was directed at determ ning whet her housebol ds actually pay
for cleaner air in the formof higher housing values for hones in clean air
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communities and if this willingness to pay was conparable to the
hypothetical wllingness to pay expressed in the survey instrunent

Val uation of reductions in urban air pollution concentrations based
upon housing value differentials is the nost common form of the hedonic
price procedure as devel oped by Rosen (1974), the basis of which is
Lancaster's (1966) consunption theory. This procedure assumes that access
to environmental (dis)anenities is capitalized in property values. This
assunption is based on the prenise that households are willing to pay a
premium for an otherwi se identical hone |located in a clean air area versus
that located in a polluted area

Among public goods which have been val ued using the hedoni c housing
approach are air pollution (Anderson and Crocker, 1971; Harrison and
Rubi nfel d, 1978), social infrastructure (Cunmmings, 1978) and other
community characteristics such as noise level (Nelson, 1979) and ethnic
conmposition (Schnare, 1976).

The hedoni ¢ approach for assessing the benefits of environnenta
improvenent is generally viewed as a nultistage procedure (see Rosen, 1974
Freeman, 1979). The initial step is to estinate the hedonic price gradient
whi ch expl ains home sale price as a function of the house's structura
characteristics as well as the characteristics of the community and
nei ghborhood in which it is located, The second step is to deternmine'the
inplicit price of environnental change by differentiating the hedonic rent
gradient with respect to the variable of interest. Subsequent steps
include estination of the inverse demand curve and integration to obtain
benefit estinmates.

The hedoni c procedure as outlined above was generally well-received by
the econonics profession until just recently. However, a nunber of
aut hors, including Brown and Rosen (1982), Mendel sohn (1981), and Pal nqui st
(1982) have criticized the approach as not possessing sufficient
information to identify the (inverse) demand curve in the subsequent steps.
For this reason the nethodol ogy enpl oyed here is to follow Brookshire, et
al. (1982) and conduct the validation test using the rent differentia
(second step) rather than actual benefit estimates.

Elimnation of the theoretical problemof direct benefit estimation in
the hedonic format does not, however, elimnate all potential difficulties
Estinmation of the hedonic price gradient nust be conpleted within the
confines of the data. Problenms which generally arise in housing val ue
studies are nisspecification and multicollinearity. The latter is
especially problematical in this study. So much so that a large portion of
the research reported herein is directed at attenpting to solve this
probl em

The central point is that the conpletion of a housing value study is
not without theoretical and enpirical difficulties. In this case the
estimation problenms are such that it is difficult to delineate explicitly
the relationship between ozone concentrations and housing values. However,
an estimated relationship between ozone and home sale price is obtained
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through the use of principal conponents analysis. In the next section this
relationship is used to test the validity of the survey results.
Prelimnary indications are that surveys provide reasonabl e val ues for
ozone reductions.

This section is organized as follows. In the follow ng sub-section a
di scussion of the characteristics of the data is presented. Sub-section
D. 3 describes the enpirical procedure and the base enpirical results for
Los Angeles County. As is described these results are beset with
mul ticollinearity. Thus, a variety of solutions to this problem wth
associated results, are presented in sub-section D.4. None of the
solutions described in this section provide a satisfactory outcone.
However, in sub-sections D.5 and D.6, two solutions which yield the
expected relationship between home sale price and ozone concentrations are
described.  Sub-section D.7 offers summary remarks.

D.2 Data Specifics

The hypothesis to be tested is whether or not ozone
concentrations are a significant deternminant of housing sale price. The
study area is first Los Angeles County and then the entire South Coast Air
Basin, and is specifically confined to single famly residences. Thus, not
considered is the inpact of ozone concentrations upon other structures
(multiple famly dwellings, mobile hones, commercial, etc.) or other
ownership types (rental leasing, etc.). Therefore, within our sanple, this
research asks if households will pay a premumin the form of higher
housi ng val ues for hones |ocated in clean air areas and what is the
magni tude of that wllingness to pay.

The data base was constructed to enable the testing of hypotheses
concerning the inpact of ozone differences on housing sale price. The
dependent variable in the entire arfalysis is the sale price of owner
occupied single fam |y residences.” The independent variable set consists
of variables which correspond to three levels of aggregation: house,
nei ghbor hood, and comunity. Table 5.11 describes further the data
enmpl oyed in the study.

The housing characteristic data, obtained fromthe Market Data Center
(a conputerized appraisal service centered in Los Angeles), pertains to
homes sold in the 1978-79 tine period and contains igformation On nearly
every inportant structural and/or quality attribute. 't shoul d be
enphasi zed that housing data of such quality (e.g., micro level of detail
and over time) is rarely available for studies of this nature. Usually
out dated data which are overly aggregate and not collected on a regul ar
basis (for instance census tract averages only in census years) are
empl oyed. These data yield functions relevant for the "census tract"
household but are only marginally relevant at the household (micro) Ievel.
Further, it is inperative that the rent differential is calculated at the
househol d |evel for conparison with the survey results.

The initial enpirical analysis was confined to Los Angeles County for
the 1978-79 period. The Mrket Data Center provided conputer data tapes
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TABLE 5.11

VARIABLES USED IN ANALYSIS OF HOUSING MARKET FOR 1978-79

Variable Definition (assumed effect on housing sale price) Units Source
Dependent:
Sale Price Sale price of owner occupied single family ($100) Market Data Center

Independent-Housing:

Sale Date

Age
Bathrooms
Living Area
Pool

Fireplaces

Independent-Neighborhood:

Distance to Beach
Age Composition

Ethnic Composition
Time to Work

View

Independent-Community:

School Quality

Population Density

Pollution (TSP)

Pollution (03)

residences

Month the home was sold (positive)

Age of home (negative)
Number of bathrooms (positive)
Square Feet of Living Area (positive)
1 if pool, 0 if no pool (positive)

Number of fireplaces (positive)

Miles to nearest beach (negative)
Percent Greater than 62 in Census Tract
(positive)

Percent White in Census Tract
(positive)

Average time to Employment from Census
Tract (negative)

1 if view present, 0 if not
(positive)

Community®"s 12th grade math score
(positive)
Population per square mile in surrounding
community (negative)

Total Suspended Particulates (negative)

Ozone Concentrations (hegative)

January 1978 = 1
December 1979 = 24
Years

Number

Square Feet

0 = no pool

1 = pool

Number

Miles

Percent

Percent
Persons/square mile

U /m3, Annual Geometric
Agerage PPHM,
Annual Arithmetic

Average of daily maximum

Market Data Center
Market Data Center
Market Data Center

Market Data Center

Market Data Center
Market Data Center

Calculated

1980 Census
1980 Census
1980 Census

Market Data Center

California Assessment
Program (1979)

1980 Census, Thomas
Brothers Grid Maps

California Air
Resources Board




listing all hones sold in Los Angeles County during this period. The
nunber of entries was unmanageably large (approxinmtely 50,000
observations) so the data set was reduced in size using a random nunber
mat ching system  Thus, for the basic econometric work the nunber of
randomy chosen observations was 5,921. Subsequent enpirical analysis
exam ned a region extended to include the other South Coast Air Basin
counties. Again, a sanple of approxinmately 5,000 observations was used

In addition to the imediate characteristics of a home, other
variables which could significantly affect its sale price are those that
reflect the condition of the neighborhood and community in which it is
| ocated. Such variables include, school quality, ethnic conposition,
proximty to enploynent, distance to the beach, and nmeasures of |oca
popul ation density. In order to capture these inpacts and to isolate the
i ndependent influence of |ocation vis-a-vis ozone differences, these
variables were included in the econonetric nodeling.

The data base assenbled for the housing value study is appropriate to
test the hypothesis outlined above for two reasons. First, the housing
characteristic data is extrenely detailed at the household |evel of
aggregation and extensive in that a relatively large nunmber of observations
are considered. Second, a variety of neighborhood and comunity variables
whi ch enable the isolation of ozone variation on housing values have been
i ncl uded

D.3 Enpirical Results - Single Equation Mdel for Los Angel es County

The underlying structure of the initial hypothesis test is a
single equation enpirical nodel which attenpts to explain the variation in
sal e grices of homes located in Los Angeles County for the years 1978,
1979.” The estimated coefficients of these hedonic equations specify the
effect a change in a particular independent variable has on sale price. In
reference to the ozone variable, this procedure allows one to focus on its
significance while separating out the influence of other extraneous
variables. Therefore, this analysis yields two outputs concerning the
relationship of ozone differentials to housing price. The relative
significance of location variations is determned and the estimated
coefficient pertaining to location inplicitly measures its nonetary value
at the margin.

The estimated hedonic price gradient that best fits the data is
presented in Table 5.12. A nunber of aspects of the equation are worth
noting. First, both ozone and suspended particulate concentrations are
included in the equation. The particulate nmeasure is used as a proxy for
the aesthetic conponent of air quality while ozone concentrations
inplicitly nmeasure the health effects. Second, the nonlinear specification
utilized is a significant inprovenent over linear forms. As Rosen (1974)
pointed out, this is to be expected since consumers cannot always arbitrage
by dividing and repackagi ng bundl es of housing attributes. Third,
approximately .82 of the variation in home sale price is explained by the
variation in the independent variable set. Fourth, with the exception of
the time to work and percent old variables, all coefficients are
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TABLE 5. 12

ESTI MATED HEDONI C EQUATION (SEM -LOG) FOR LOS ANGELES COUNTY.
DEPENDENT VARI ABLE = in (HOME SALE PRICE IN HUNDREDS OF 1978 DOLLARS

Vari abl es Coefficient t-statistic

Site Specific Characteristics:

Sal es Date 1664 * 10~ 30.91
Age of Hone -.22998 * 10"2 -12.01
Square Feet of Living Area .3221 * 10_3 42. 77
Nunber of Bathroons L9720 * 10_1 14. 43
Nunber of Fireplaces 8774 * 10:; 15.61
Pool .9977 * 10 12. 02
Vi ew . 1390 14. 26

Community Characteristics:

School Quality 1674 * 107 2.28
Popul ation Density 1192+ 107 -7.75
% Whi t e 8583 * 1072 46. 41
% Greater THan 62 Years Ol d _.2182 *+ 1073 .. 36
Pol lution (TSP) 1148 ¢ 1071 -32. 67
Pol I ution (Czone) 1011 ¢ 107 7.30
Location Characteristics:
Time to Enpl oynment _.5349 * 107> -.53
Distance to the Beach - 1475 * 107t -15.84
Const ant 6. 4380 147. 45

R- Squar ed .82

Nunmber of Cbservations 5921
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significantly different from zero at the one percent |evel and possess the
expected relationship to home sale price. However, the npst noteworthy
aspect of the hedonic equation is that the ozone variable is positively
related to hone sale price.

The explanation for this unexpected result is found through
exam nation of the correlation coefficient matrix. This indicates that
ozone concentrations and distance to beach are highly collinear, with a
sinmple correlation coefficient of .896. \Wereas a high sinple correlation
coefficient warrants concern, it is not sufficient to claimcollinearity
as the cause of the problemwith the ozone variable. However, the degree
of harnful collinearity can be somewhat determined through a rule of thunb
suggested by Klein. This rule indicates that multicollinearity would be
- 5

2 ‘ < .
regarded as a problemonly if R HSP < R x where R usp 'S the nultiple
correlation of hone sale price versus the independent variable set and

R2 is the multiple correlation between ozone and the rest of the

i nd%pendent variables. In this case the Klein criterion is satisfied

si nce RZHSP = .82 and sz = .83. Thus, the degree of collinearity in
the data i s indeed harmful; preventing the estination of an accurate

rel ationship between ozone and hone sale price.

In Los Angeles County the collinearity is especially problematical for
the variables distance to beach and ozone for two reasons. First, the
prevailing daytinme wind patterns are essentially perpendicular o the beach
nmeani ng as one noves inland air pollution in general increases. Secondl vy,
the chemical reaction which causes ozone formation requires tine and hence
di stance fromthe original discharge locations. Thus, the prevailing w nd
patterns plus the large stock of upwind pollutants yield significant
increases in ozone concentrations as one noves inland from the beach areas.
Each variable is then measuring exactly the sane inpact upon home sale
price.

Finally, it should be noted that the collinearity problemin Los

Angel es County is stable across both functional form and randomy drawn
sanples. To justify the forner statement a variety of functional forns,
which allow for variation in both dependent and independent variables, were
estimated. Further, a nunmber of random sanples were drawn of varying size,
including the limting case of including all observations. In no instance
was the collinearity between distance to beach and ozone concentrations
broken. G ven then that the collinearity could not be reduced through
functional form or random sanpling, a variety of other approaches were
attenpted. These are the subject of the next section.

D.4 Aternative Solutions to Multicollinearity

Gven the multicollinearity between variables and the associ at ed
spurious ozone result as described above, the next task was to search for a
reasonable solution. The econonetrics literature contains a nunber of
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possibilities including: (i) dropping variables; (ii) using extraneous
estimates; (iii) ridge regression; (iv) nonrandom sanpling; (v) altering
the nodel specification; (vi) increasing the spatial variation by
increasing the study area; and, (vii) principal conponents. Each of these
was considered. Mst were elimnated either on theoretical grounds, |ack
of supporting information or statistical insignificance. Only the last two
options provided any satisfactory solution.

Consider first the dropping variables solution. The problemwith
multicollinearity is that there is insufficient information in the sanple
to permt accurate estimation of the individual paraneters. By dropping an
i ndependent variable (distance to beach in this case) one can derive
estimates of the other parameters. However, these estimates are biased
even though they have smaller mean square errors than the origina
estimates. But it is precisely the unbiasedness that is desired in this
case since the estimates are used to calculate the rent differential for
conmparison to the survey results. In this instance if distance to beach is
excluded from the estimation, then the coefficient on ozone possesses the
correct negative relationship to home sale price and is significant at the
one percent level. However, the estinmate is biased and includes the inpact
of both distance to beach and ozone concentrations. Wth no a priori
nmet hod for determining the magnitude of the bias, dropping variables does
not neet the criterion of reasonableness.

The use of extraneous estimates represents a neans to control the
collinearity by (i) using an estimate of the inpact of distance to beach on
hone sale price taken froman exogenous estimation; and (ii) correcting
hone sale price for this inpact and then estimating the independent
i nfl uences of ozone on the dependent variable. However, to our know edge,
there exists no such truly extraneous estimate of distance to beach on hone
sale price. Furthernore, this nmethod is somewhat questionable on the basis
that the extraneous estimate may indeed be "extraneous" and not neasure
precisely what was intended (Meyer and Kuh, 1957).

The next solution, ridge regression (as used to solve collinearity) is
a purely statistical solution without much basis in economc theory.
Further, interpretability is oftentines a problemw th the paraneter
estimates from this procedure. Thus, this solution was not considered in
det ai |

The nonrandom sanpling solution constitutes an attenpt to break the
collinearity by choosing the sanple so as to control for one of the problem
variables. Two separate nonrandom sanpling procedures were tried in this
study. First, sampling was conpleted along lines parallel (constant
distance) to the beach. This was an attenpt to control for beach distance
yet allowing variation in the other explanatory variables. The primary
probl em of this procedure is control of beach distance effectively
controlled the variation in other variables. The distance to beach
variable is insignificant as is expected since it is being controlled.
However, this does not solve the problem of the ozone variable since it
too is not significantly different from zero even at the ten percent |evel
This is also to be expected given the degree of collinearity between the

182



two explanatory variables; that is, controlling for one effectively
controls the other.

In response to this problem the second nonrandom procedure was
conducted along lines possessing an approxinmate forty-five degree angle
relationship to both the beach and the predom nant wind direction. This
constituted an internediate sanpling method by controlling somewhat for
beach access yet allow ng sone variation. The results of this exercise
were somewhat nore promising in that ozone concentrations possess the
correct relationship (negative, but not significantly different from zero)
to hone sale price. However this approach is beset by other limtations,
which are also of concern in the first nonrandom sanpling procedure. These
limtations include the follow ng.

First, there is insufficient variation in other variables to permt
accurate estimation; that is, the sanpling procedure reduces the inherent
variation in the other variables. Second, there is induced
multicollinearity as a result of this insufficient variation. Thus
whereas the sinple correlation between ozone and distance to beach is
reduced, the simple correlations between ozone and popul ation density,
ozone and TSP, TSP and popul ation density, ozone and percent greater than
62 years old and others denonstrate marked increases. The tota
multicollinearity is therefore not reduced due to the non-random sanpling.
Third, without a specific sanpling plan generalization outside the sanple
may not be justifiable.

In conclusion, the non-random sanple experinents conducted were not
compl etely successful. However, sone hope remains, especially in light of
the results concerning the second approach. It seems that a non-random
sanpling nmethod could be devised that counters the argunents presented
above. Thus, this solution is not w thout some nerit and may warrant
further investigation.

The failure of the previous experinents |ed these researchers to
question the basic nodel specification. That is, rather than posit a
single equation nodel, a sinmultaneous equation system was exanined. The
basis for this nodel is that ozone is a produced pollutant and is dependent
upon its precursors (reactive hydrocarbons, oxides of nitrogen) plus sone
reaction tine. If reaction tine is functionally dependent upon distance
travelled then this would explain the high correlation between ozone and
di stance to beach in Los Angeles County. Note that distance to beach is
essentially distance travelled (or reaction time) since the predom nate
daytime wind direction is perpendicular to the beach.

The structural equations of this simultaneous system can be formally
stated as:

n
HSP = 8+ 8,+(BD) + 8,(05) + B,(NO_) +1§1yixi (5.19)
Ozone = a * al'(BD) + az-(NOx) + u3-(HC) (5.20)

183



wher e

HSP = honme sale price

BD = distance to nearest beach

0, = ozone concentrations

NOX = oxide of nitrogen concentrations

HC = reactive hydrocarbons concentrations

X, = the rest of the independent variable set usually associated
with a hedonic housing equation

ai’Bi’Yi = paraneters to be estimted

The first equation is the standard hedoni c housing equation. The
second equation is the production relationship. Each equation could be
specified as above (linear) or sonme other better fitting functional form
In this nodel the endogenous variables are home sale price and ozone
concentrations. Al other variables are exogenously determned. In
addition, under the assunption that reactive hydrocarbons are not perceived
directly by households (reactive hydrocarbons are onmitted from the first
equation) then the nodel is identified; that is, the rank condition for
identification is satisfied.

Substituting the second equation into the first the nmodel can be
rewitten as:

HSP = (Bo+82ao) + (81+62a1) * BD + (B3+Bza2) < NO_ + B,a4HC

N
+ 1£1 9 (5.21)
or where
Ao = Bo * Bzuo
A= Byt By
Ay = By + By
Ay = Byoq
N

HSP = A_+ A; * BD + X, * NO_ + )y * HC +i£l e (5. 22)

Equations (5.20) and (5.22) are the reduced-form equations. The paraneters
of the nodel (ai,li,*{i), can then be estimated using indirect |east
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squares. In this nethod the reduced-form equations are estimted using
ordi nary | east squares and then the structural equation parameters are
obtained from the relationships specified above. Thus

Bo = Ao - (A3/a3) ) ao
By = A - Og/ap) « o)
By = Ag/ag

By = Ay = (A3/ag) - e,

No transformation is required for the @y and the Y-

Consi dering the ozone equation, estimation was conpleted as follows.
Data at each of the air quality nmonitoring stations was utilized in the
estimation. (Ozone, NO _and HC were specified as annual arithmetic averages
of the daily maxi num values. Distance to beach was measured §n mles. The
estimated equation in linear formis presented in Table 5.13. As
indicated the only significant variable is distance to beach. This inplies
that the proposed physical npbdel is sonewhat deficient.

Furt her investigation of the physical relationship betwen ozone and
its constituent pollutants reveal ed that ozone peaks generally occurred
downwi nd from the hydrocarbon and oxides of nitrogen peaks. Therefore,
rather than use.¥¢-.NO and Q,mpasurements from the sane nmonitoring
station, ozone concentTations at each station were related to the
corresponding farthest upwind station. These results are presented in
Table 5.14. Again, distance to beach is the only significant variable
indicating rejection of the physical nodel of ozone formation. In this
case the failure of HC and NQ to appear as significant variables my be
traced to the lack of sufficidnt variation in the upwi nd data on an annua
average basis. A nore reasonabl e approach woul d enpl oy daily pollution
dat a.

These experinents indicate that the proposed physical nodel is either
incorrectly specified or the data is insufficient for the task. Wthout an
accurate physical nmodel the sinultaneous equati on approach as devel oped
here lacks sufficient justification. Thus, as a solution to the
multicollinearity problemthe sinultaneous equation nethod was abandoned.
This does not inply that the nethodol ogy is inherently incorrect but rather
that until further refinenents are made the nodel holds little pronise

This section examned a variety of solutions to nulticollinearity in
the Los Angeles data set. Essentially, each proposed solution was
unsuccessful . In the next two sections enpirical results are presented for
two solutions which do yield the expected rel ationship between ozone
concentrations and home sale price

D.5 Enpirical Results - Single Equation Mdel, South Coast Air Basin

As is detailed above, there exists severe collinearity between
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TABLE 5.13
ESTI MATED QOZONE EQUATI ON (LI NEAR) FOR LOS ANGELES COUNTY.
DEPENDENT VARI ABLE = CQZONE CONCENTRATI ONS | N PARTS PER M LLION

Vari abl es Coef ficient t-statistic
Beach Distance . 00426 3.10
Oxi des of Nitrogen . 5233 1.05
Hydr ocar bons -. 00464 -.834
Const ant -. 0049 -. 067
R- Squar ed .60

Resi dual Sum Sqguar es . 0115

Nurmber of Cbservations 14
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TABLE 5.14

ESTI MATED OZONE EQUATI ON (LI NEAR) FOR LOS ANGELES COUNTY
UPWND DATA.  DEPENDENT VARI ABLE = QZONE CONCENTRATIONS I N
PARTS PER M LLION

Vari abl es Coef fi cient t-statistic
Beach Distance . 0056 4.22

Oxi des of Nitrogen . 962 . 867
Hydr ocar bons . 0021 .109
Const ant -.102 -. 853

R- Squar ed .55

Resi dual Sum Squares . 0124

Nunber of Cbservations 14
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ozone and distance to beach within Los Angeles County. However, in the
areas adjacent to Los Angeles County the collinearity between these
variables is nuch less apparent. Therefore, it was decided to increase the
spatial variation in the data set through the addition of data from O ange
Riverside and San Bernardino Counties. The data addition was restricted to
t hose areas of each county which borders Los Angel es County on the prem se
that data from long distances would constitute a separate housing narket.
The housing data was obtained fromthe SREA Market Data Center while the
associ at ed nei ghborhood and community data were obtained fromthe sources
outlined in Table 5.1.

The data fromthe surrounding counties were pooled with the origina
Los Angeles County data. The new data set had approximtely 68,400
observations. The relevant county breakdown was Los Angeles with 50,432
Orange with 12,117, Riverside with 1,452 and San Bernardino with 4,405
Due to this large size the data set was reduced to 4,951 observations using
a random nunber matching system In order to account for any variation in
housi ng markets across county boundaries a set of zero-one variables for
county location were constructed and added to the data set. Before
proceeding to a discussion of the enpirical results based on the new sanple
it should be noted that the additional data reduced the sinple correlation
coefficients between ozone and beach from .896 to approximtely .66.

In addition to the data which increased the spatial variation, data
whi ch nore closely approxi mates the aesthetic aspect of air quality becane
available. That is, a measure of actual visibility, or its reciprocal
light extinction was generated by a simultaneous California Air Resources
Board project. The variable visibility is neasured as nedian mles and wgs
calculated for grid squares roughly four miles square for the study area
This variable was entered into the data set as another explanatory or
i ndependent vari abl e.

Gven the data as outlined above, a single equation hedonic housing
model was estimated. A particular exanple is presented in Table 5.15
Note that the Riverside County zero-one variable is the excluded variable
so that the zero-one variables for the other counties are interpreted as
devi ations from Riverside County as depicted by the constant term As is
illustrated, the estinated equation seens to performquite well on a nunber
of counts. First, approxinately 80 percent of the variation in home sale
price is explained by the independent data set. Second, with few
exceptions, the estimted coefficients possess the expected relationship to
hone sale price and are significant at the one percent level. Two
exceptions are ozone and school quality. However, these variables are
significantly different fromzero at the ten percent |evel under the
presunption of a priori information; that is, the sign of the variable is
known in advance. Therefore, the only variable which is not significantly
different fromzero at the ten percent level is tine to work. However,
this is not totally unexpected since this variable is essentially constant,
denonstrating a small variance around its mean. The indication is that
nost people travel about the sane tine to work. Thus, its insignificance
is not particularly troublesome.
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TABLE 5.15

ESTI MATED HEDONI C EQUATION (SEM -LOG FOR THE SOUTH COAST Al R BASI N
DEPENDENT VARI ABLE = 1n(HOMVE SALE PRICE IN 1978-79 DOLLARS)

Vari abl es Coefficient t-statistic

Site Specific Characteristics:

Sal es Date .1481 * 10”7 28.61
Age of Home ..1658 * 1072 -8.02
Square Feet of Living Area .4012 ¢ 10—3 46. 86
Nunber of Bat hr oonms 6320 * 1071 8. 66
Nunmber of Fireplaces .7606 * 107" 12. 38
Pool 7788 * 107 8. 59
Vi ew . 1481 12. 85

Comunity Characteristics:

School Qual ity .1256 * 1073 1.36
Popul ation Density ..7807 * 1072 -4, 32
% Vi t e .8055 * 1072 33,53
% Greater Than 62 Years O d 11839 * 1072 2. 54
Pol I ution (TSP) .. 7811 * 1072 -18. 82
Pol I uti on (Qzone) -.1973 * 1072 -1.58
Location Characteristics:
Time to Enployment 1257 * 1072 1.25
LN(Di stance to the Beach) _.6899 * 107! -11. 36
Los Angel es County 9084 * 1071 4.16
Orange County -. 1466 -6.28
San Bernardino -.2031 -9.01
Const ant 5. 882 114,77
R- Squar ed .80
Nunber of Qbservations 4951
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The central point is that the estinated equation in Table 5.15 |ooks
reasonable in every respect. However, the results are very unstable wth
the ozone variable denpbnstrating substantial variation for small changes in
either functional form or random sanples. For instance, the use of
di stance to beach rather than fn (di stance to beach) reverses the sign of
the ozone variable. Simlarly, using the light extinction variable rather
than total suspended particulates as a neasure of aesthetic air quality
alters the ozone coefficient markedly. In fact, the functional form
presented is one of only a linmted nunber of forns which produced a
negative and significant relationship between ozone concentrations and hone
sale price. This inherent instability strips the results of any neaning

Therefore, in an attenpt to break the collinearity between distance to
beach and ozone the data set was expanded to include outlying areas. This
effort reduced the sinple correlation between these variables by a
significant amount. Further, we were able to estimate an equation which
could be perceived as correct. However, the ozone coefficient is
inherently unstable, subject to large variation in both magnitude and sign.
The conclusion is that harnful collinearity in the data set has not been
appropriately solved. In the next section we report on the use of
princi pal conponents analysis which does produce stable results.

D.6 Enpirical Results - Principle Conponents Analysis

Principle conponent analysis is a nmethod of transformng a given
set of variables into a new set of conposite indices or principle
conponents that are orthogonal (uncorrelated) to each other. Because of
the severe collinearity in this study a transformation that vyields
uncorrelated variables is particularly useful. The transformation is
acconpl i shed by choosing the best linear conbination of the variables. In
this context best inplies that the conbination chosen accounts for nore of
the variance in the data than any other linear conbination of variables.
The first principle conponent is therefore viewed as the single best
summary of linear relationships exhibited in the data. The second
component is defined as the second best linear conbination of variables,
given the condition that the second is orthogonal to the first. This
continues until all the variation in the data is explained

The principle conmponent nethod can be expressed as:

Xy = agF1 *agnl *agk (5.29)
wher e
Xi = the variables included in the principle conmponent analysis
(r =12 ..., M
F. = the principle conponents or factors (j =1, 2, . . ., K , KM

J

aij = estimated coefficients
If the number of factors equals the nunber of variables (K=M then the
entire variation in the variables is explained by the factors. However, it
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is the usual case to use fewer factors than variables because if the two
are equal then the procedure is identical to not using principal conponents
anal ysis (Johnston, 1972).

The estimated coefficients are inportant in that they indicate the
relative inportance of each factor. The inportance of a given factor for a
given variable can be expressed in terns of the variance in the variable
that is explained by the fgzctor. Mthematically this is the square of the
estimated coefficient (a..”). The total variation of a variable
expl ai ned by all factors™1s obtai ned by summing the squared coefficients

K
(I a..z).
j=1

Gven the relationships described in equation (5.23) the original data
is transformed into a set of conposite scales or factor scores that
represent the relative inportance of the respective factors or principle
conponents. In order to do this the matrix of a,, is transformed into a
factor score coefficient matrix. The composite %éales or factor scores are
then cal cul ated as:

Zj = blj(Xl - Xl)/G1 + sz(X2 - Xz)/c2 .. * ij(Xm - Xm)/cm (5.24)

wher e
Zj = factor score representing the jth factor (j =1, 2, . . ., K
i = factor score coefficient (i =1, 2, . . ., m
Xi = original data (i =1, 2, . . ., M
i& = mean of the ith i ndependent variable
o. = standard deviation of the ith i ndependent vari abl e.

Note that the original data is standardized as an alternative to nmeasuring
all variables in the same units (Johnston, 1972).

The factor scores represent the transfornmed data set in which
orthogonality is preserved. This new data is then input into the hone sale
price hedonic equation as explanatory variables. |In essence, a set of
highly correlated variables are replaced by a new set of uncorrelated
variables which measure precisely the same information. However, it should
be noted that the initial variables have been constrained to a |inear
relationship. Essentially, the procedure represents the inposition of a
linear restriction, where the linear relationship is not based on a priori
information but is chosen as the one which best fits the data

In the sem-log form the hedonic equation can be witten as:
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K N
n(HSP) = B, + I B.Z, + L A.X, (5. 25)
0 4o 33 4 11
wher e
HSP = home sale price
Z. = factor scores representing the principle conponents
Py =1 2,00
Xi = remai ning explanatory variables not included in the
principle conponent analysis
B.s B.s A, = estimated coefficients.
0> 73 i

Since the principle conponents are |inear conbinations of other
vari abl es no precise interpretation can be given to the factor score
vari abl es. However, one can still determne the relative effect of a
change in a variable included in the principle conponent analysis by
differentiating equation (5.25) with respect to that variable. For
i nstance, consider the inpact of X,, a variable included in the principle
conponent analysis. Substituting equation (5.24) into (5.25) and
differentiating, we obtain

SHSP  3ESP 3Z, SHSP 9Z
= = Y + ... + I~
c:X1 321 c:vX1 BZK 3X1
K N
(B + I B.Z.+ I A.X.)
0 1 373 . i"i’ B8;b B,b 8,b
- . =1 i=m Pt 5§ e RS &3 | PPN
% % %

Thus, although X, does not enter the hedonic housing equation directly its
relative inportance can still be determ ned

In the particular situation under study there exists severe
collinearity between ozone concentrations and distance to beach. Thus, it
was decided to performprinciple conmponent analysis on these troubl esonme
variables to transform them into a set of uncorrelated variables. Two
different approaches were utilized. In each case distance to beach, ozone
and a variable nmeasuring aesthetic air quality were included as variabl es
to be transformed. The first used TSP, the second used |ight extinction.
In each case two factors were used to explain the variables.

The initial factor matrix for beach, ozone and TSP is presented in
Table 5.16 (top). The bottom portion of the table presents the distance to

beach, ozone, extinction case. As is illustrated the first factor or
principle conponent |argely explains distance to beach and ozone
concentrati ons. In both cases the aesthetic measure |loads up on the second
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TABLE 5.16

FACTOR CCEFFI Cl ENT MATRI X

Vari abl e Factors
Factor 1 Factor 2

Di stance to Beach . 85105 . 30095
Ozone . 90116 . 18974
TSP . 2597 . 96397
Di stance to Beach . 80893 . 39651
Ozone . 92789 . 14043
Extinction . 23856 . 9626
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factor. The two factors explain approxinately 89 percent of the variation
in the variables in each case

As outlined above the initial factor natrix is transforned into a
factor score coefficient matrix. The relevant natrices are presented in
Table 5.17. These factor score coefficients are used to conpute factor
scores or conposite scales which represent the relative inportance of each
factor for each variable. This is acconplished in accordance with equation
(5.24). The factor scores are input data (explanatory variables) into the
hedoni ¢ housing equation. The expected sign of each of the factors is
negative since each represents negative influences on hone sale price.

The hedoni ¢ housing equation using principle conponents to transform
di stance to beach, ozone and TSP and estimated on the South Coast Air Basin
sampl e (4,951 observations) is presented in Table 5.18. The hedonic
equation which is based on distance to beach, ozone and extinction is
sufficiently simlar as to not warrant inclusion here

As is illustrated the estinated |og-1inear equation.gﬁrforms quite
wel | when considering proportion of explained variation (R™ = .79) and
t-statistics. Note that time to enployment has been replaced by distance
to the central business district. As a locational indicator the latter
seens to outperform the ubiquitous tinme to work variable. Aso, Los
Angel es County is the excluded zero-one variable. This has no effect on
the results but nmakes the signs of the zero-one |ocation variables
consi stently negative.

The estimated equation al so appears to be quite stable with respect to
experinental functional forms and randomy drawn sanples. However, only a
prelimnary analysis has been conducted.

The non-|inear specification presents straightforward analysis of the
quantitative inmpact of a unit change in an independent variable since the
effect depends upon the level of all other variables. However, if ozone
and all other variables are assigned their nmean val ues then a one unit
i mprovenent in ozone (PPHVW is valued at $852.

The estimted equation shown in Table 5.18 yield the margina
Wil lingness to pay for ozone reductions by taking the derivative with
respect to ozone. This procedure supplies information on the anount that
each household is willing to pay in house price differentials for changes
in ozone concentrations. These hone sale price differentials are used in
the next section for conparison to the survey results.

D. 7 Sunmary

This section reports on an attenpt to validate the survey results
of the previous section through an anal ysis of the housing market. The
housi ng val ue study was conducted initially in Los Angel es County.

However, severe collinearity between variables prevented the estination of
an accurate hedonic housing equation. A variety of solutions often cited
inthe literature were attenpted but within Los Angel es the collinear

194



TABLE 5. 17

FACTOR SCORE CCEFFI CI ENT MATRI X

Di stance to Beach, Ozone, TSP Di stance to Beach, Ozone, Extinction
Factor 1 Factor 2 Factor 1 Factor 2
. 5628 -.0761 . 4897 . 0572
. 6667 0.2480 . 7300 -.3231
-. 3069 1.1099 -.3082 1. 062
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TABLE 5.18

ESTI MATED HEDONI C EQUATI ON (LOG LINEAR) FOR THE SOUTH COAST AIR BASIN.
DEPENDENT VARI ABLE = 1n(HOVE SALE PRICE IN 1978-79 DOLLARS)

Vari abl es Coeffici ent t-statistic

Site Specific Characteristics:

.98 % -1
In(Sal es Date) 10 23.76
*

1n(Age of Home) Al 107} -6.11

In(Square Feet of Living Area) . 709 46. 75

1n(Nunber of Bat hroons) 928+ 107} 6.72

Nurber of Firepl aces 738 * 107} 11. 45

Pool 912 * 107} 9. 68

Vi ew . 192 16. 30
Community Characteristics:

* 1

1n(School Quality) -85 107} 2,57

1n(Popul ation Density) -.456 * 107} -6. 24

In(% Wi te) . 367 34. 14

1n(% Geater Than 62 Years Qd) 201+ 107} 3.05
Locati on Characteristics:

In(Distance to Central Business

District) 132+ 107t _4.84

Riverside County 906 * 107 -4.03

Orange County -. 247 -27.63

San Bernardino County -.253 -18.23
Factors

Factor 1 -.11 -28. 39

Factor 2 -.122 -30.76
Const ant -.19 -1.12
R- Squar ed .79
Nunber of Observations 4951
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rel ationships could not be broken. Therefore, the study area was expanded

to include the other counties of the South Coast Air Basin. In addition,
the harnful collinearity was reduced through the use of principle
conponents analysis. In the latter approach a linear restriction is

i nposed on the problem variables. The end result was a stable estinated
hedoni ¢ equation that satisfied the usual statistical tests. Mre
extensive work should further refine the nodel

The final equation includes both ozone concentrations and anot her
variabl e which neasures the aesthetic aspect of air quality. The relative
i npact of ozone concentrations can be analyzed by differentiating the
equation with respect to ozone. The resulting home sale price change
measures the marginal willingness to pay for a marginal ozone change
These figures are not strictly interpretable as benefit neasures but can be
conpared to the survey results as a validation test in accordance with
Brookshire et al. (1982). As is described in the next section the home
sale price differential closely parallels the survey results.

E.  PRELI M NARY COWPARI SON BETWEEN SURVEY AND HEDONI C HOUSI NG VALUE RESULTS

The ozone experiment conducted in the South Coast Air Basin represents
an attenpt to place a nonetary value on ozone concentration reductions.
This is acconplished through use of both the survey approach and an
analysis of housing values. The survey was undertaken in six communities
spanning three air quality areas. |Individual households were asked to
value daily ozone inprovements consistent with these air quality zones.
Variation across income class was an inportant variable in survey design.

The housing value analysis was not linmted to a set of individua
communi ties but rather used data from the four counties (Los Angeles,
Orange, Riverside, San Bernardino) in the South Coast Air Basin. This nore
extensive data base was required to accurately estimte the hedonic price
gradient. The objective of the housing value exercise was to determ ne the
hedonic or inplicit price of ozone concentrations (annual average) as they
i npact residential housing val ues.

In this section these diverse nethodol ogies are brought together so
that a prelinmnary comparison of the values associated with ozone
reductions can be conpleted. The conparison is restricted to the six
communities (three air quality areas) in which the survey was conducted.
The air quality zones are |abelled Poor (Wst San Gabriel Valley), Fair
(West San Fernando Valley), and Good (North Orange County). The conparison
is done on an annual basis. Thus, for each nmethodol ogy a conversion of the
basi ¢ values obtained is necessary.

Consider first the survey approach. The survey was directed at
determ nation of the value of ozone reductions on a single "menorable" day.
However, the theoretical nodel presented above suggests that utility
functions may be daily separable. This inplies that daily bids are both
separable and additive. Thus, an annual bid may be obtained for a specific
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air quality change by multiplying the daily bid by the nunmber of days to be
altered

In each air quality region the respective frequency distribution of
days that the representative air quality standards (federal standard, stage
one alert, stage two alert) are violated are depicted in Table 5.19. As is
indicated the Poor air quality region has relatively nore high ozone days
and less |low ozone days than either of the other regions. In a |like manner
the Fair region has relatively worse air quality than the region |abelled
good.

The particular air quality change that is analyzed here corresponds to
a shift of the frequency distribution from Poor to Fair and from Fair to
Cood. Thus, the West San Gabriel Valley is assuned to change from the
present state to ozone concentrations consistent with the Wst San Fernando
Valley. Further, the Wst San Fernando Valley is to experience air quality
| evel s that now exist in the North Orange County communities.

Gven the number of days to be affected, the final data input
necessary to calculate an annual bid from survey responses are the
i ndi vidual bids for each category. The nean bids across individuals are
presented in Table 5.20. As is illustrated, Wst San Gabriel respondents
bid for three air quality inmprovenments (D-C, CGB, B-A). On the other hand
there are only two bids for Wst San Fernando respondents since they
experience no days with second stage smog alerts. These nean bids
represent marginal bids since, for instance, Wst San Gabriel individuals
were asked to bid fromDto C, Dto Band Dto A  Thus, the figures in
Table 5.20 are the differences between bids (marginal bids) for the changes
Dto C, Cto B and Bto A

For each individual in an air quality region an annual bid is
determned through a sinple summtion of the daily bids. Each daily bid
represents the households daily marginal bid for the air quality change for
that day. For instance, if the air quality in the poor region is inproved
to fair levels then the individual would receive 8 less D days, 77 less C
days and 84 less B days. Miltiplying the individuals value of the air
qual ity changes by these figures and summing yields the annual bid for a
change from Poor to Fair. In a simlar manner the value that a Wst San
Fernando househol d places on a Fair to Good inprovenent is determned by
multiplying daily bids by the nunber of days changed. For conparison to
the housing value results the individual annual values are deflated to
reflect 1979 dollar val ues.

The neans and standard deviations of these annual bids are presented
in Table 5.21. The range of values represents the basic difference between
interview and mail respondents.

For conparison to the cal cul ated val ues obtained from survey
responses, an annual bid was estinmated from the hedonic housing val ue
study. The primary output froman estimted hedonic housing equation is
the inplicit price of each characteristic. |If the estimated equation is
non-linear then this inplicit price is not independent of other variables
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TABLE 5.19

OCCURRENCE OF DAILY PEAK OZONE LEVELS BY AIR QUALITY AREA, 1978

AR

QUALI TY

AREA

West  San

Gabriel Valley

West

CGernando Val |l ey

San

North Coast al
Orange County

Alr Quality
(Czone, pphm

D(35-50 pphm
C(20-35 pphm
B(12-20 pphm

A(0-12 pphm

Nunber

85

59

213

of Days

16
52

297

22

340
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TABLE 5. 20

MEAN AND STANDARD DEVIATION OF MARG NAL BI DS
FOR OZONE REDUCTI ONS ($1982)

AR QUALI TY AREA
West San Gabri el West San Fernando
Val | ey Val I ey
I nterview Mai | I nterview Mai |
Respondent s Respondent s Respondent s Respondent s
9.01 7.72
(21.93) (16.77)
1.32 3.09 3.91 7.85
(2.24) (6.78) (5.65) (17.95)
6. 88 8.78 2.51 2.08
(19.58) (18.71) (6.51) (8.37)
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TABLE 5. 21
ANNUAL VALUES FOR QZONE REDUCTIONS ($1978)
Means and Standard Devi ations

(in parentheses)
Air Quality |nprovenent

Poor - Fair Fair - Good
I nterview 502 106
Respondent s (1166) (227)
Mai | 692 128
Respondent s (1238) (325)
Hedoni ¢ Housi ng 346 - 731 153 - 371
Val ue (191) - (453) (76.7) - (162)
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in the equation. Such is the case in this study. This inplicit price or
marginal willingness to pay is given as the hone sale price differentia
for a marginal charge in the characteristic and is, in essence, a margina
bid for the particular characteristic. Thus, for a given change in the
attribute this nmarginal wllingness to pay or home sale price differentia
can be precisely conpared to the bids obtained from the survey.

The basic procedure then is to first calculate the home sale price for
each individual in the conparison areas for the initial air quality
conditions. The next step is to calculate the home sale price for the
subsequent air quality. The differential between these two calcul ations
represents the hone sale price differential attributable to the air quality
change. This is equivalent to differentiating the hedonic housing equation
with respect to ozone concentrations and evaluating over the relevant
change. Various hedonic equations are used, the primary differences being
functional form and the variable used to describe the aesthetic conponent
of air quality (light extinction or total suspended particul ates).

The hedoni ¢ housing approach uses annual average ozone data to
descri be ozone concentrations spatially. Thus, the shift downward in the
frequency distribution described above is translated into a change in the
annual average to calculate the home sale price differential. For
instance, the frequency distributions for the three air quality areas inply
approxi mate annual averages of 13.77, 8.8 and 7.17 pphm respectively. The
home sale price differential is calculated for each individual household
for these changes (13.77 - 8.8, 8.8 - 7.17).

Hone sale price differentials are calculated for each household in the
conparison areas. These represent home sale price changes over the life of
the home. These values are converted to annual differentials using the
standard annualization procedure (interest rate = .095). The means and
standard deviations for each proposed air quality change are presented in
Table 5.21. The lower portion of the range is based on the log-linear
functional form and the use of total suspended particulates to measure the
aesthetic aspect of air quality. The upper portion of the estinmated range
relies on the nodel which uses the senmi-log functional form and the [light
extinction variable.

It appears froman exami nation of Table 5.21 that surveys and hedonic
housi ng studies yield conmparable values for the proposed ozone reductions.
If anything, surveys seemto produce |ower valuations than an analysis of.
housing values. But this is consistent with the theoretical nodel in
Brookshire et al. (1982). The closeness of the valuations also |end
support to the theoretical nodel specified above that assunes daily
separability of the bids. However, this conparison is only prelimnary.
Only after substantial in-depth statistical exami nation and conparability
checks between the two studies will the researchers be able to state
unequi vocal Iy how the valuations conpare
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APPENDI X A

SURVEY QUESTI ONNAI RES: MAI L AND | NTERVI EVER

Dear Californian:

We are a research team at the University of Woning conducting a study
related to air quality inprovenents. Air quality is a famliar topic to
people who live in the Los Angeles area. Also, many people are interested in
the benefits of having cleaner air.

However, cleaning up the air involves certain costs to society in
which all people will share in one way or another. W are interested in
finding out whether it is worth it for the people in Los Angeles to pay
these costs in light of the benefits they receive from cleaner air.

We would appreciate it if you would take the tine to answer sone
questions which will be helpful in discovering whether pollution control is
worthwhile. Before answering these questions, please read through the
following infornmation on neasuring air quality. Your answers will be held
in strict confidence. A postage paid return envelope is enclosed to return
the questionnaire form

Thank you for your cooperation.



SAN GABRI EL VALLEY SURVEY

Air pollution in the Los Angeles area consists of a variety of gases
and particles. Some of these are enmtted directly by pollution sources
(cars, trucks, industrial facilities) while others are forned in the air
from these directly emtted pollutants.

Czone, the nmpst inportant gaseous air problemin the South Coast Air
Basin, is created when certain other enissions are exposed to sunlight.
Ozone is an inmportant air problem because of its effects on human heal th
and wel | - bei ng.

Pl ease find and open the enclosed sheet of illustrations.

The left-hand side shows the daily maxi num ozone concentrations in
your area during August and September of this year.

The right-hand side presents a summary of known effects of breathing
ozone on humans and experimental animals. The effects are the result of
relatively short-term exposure to ozone concentrations that are possible in
the South Coast Air Basin.

Ozone concentrations in the air are neasured in parts per hundred
mllion. This is a comon way of neasuring ozone |evels.

On this scale a measure of 5 is very clean air for the Los Angel es
area. A rating of 40 is very snoggy.

The Federal Standard for ozone requires an hourly average
concentration of ozone less than 12 (all references to ozone concentration

will be in parts per hundred nillion).

A Stage One zone Episode is called when ozone concentrations reach
20.

A Stage Two Ozone Episode requires an hourly average of 35. There
have been no Stage Three Ozone Epi sodes, which require a concentration of
50, since 1974.

Sone of the effects of ozone levels are:
o Concentrations neeting the Federal Standard (0-12). Ozone

levels in this range are identified as Situation A GOOD
air quality, on the illustration.

+ ODOR BRI EFLY NOTI CEABLE
Most people notice the pungent snmell of ozone at concentrations

around 2. At 5 the "snell" fades in about 5 nminutes even if the
ozone renmins.
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o Federal Standard violated (12-20). Ozone levels in this
range are identified as Situation B, FAIR air quality,
on the illustration.

» DECREASED ATHLETI C PERFORMANCE

Athletes performng outdoors show slower speeds in running
+ LOAER RESI STANCE TO LUNG | NFECTI ON

Some | aboratory aninmals get lung infections nore readily.
« SENSI TI VE ASTHVATI CS HAVE MORE FREQUENT ATTACKS

The people with asthnma who are nbost sensitive to ozone have nore
frequent coughing spells.

o Stage One Ozone Episode (20-35). Ozone levels in this range
are identified as Situation C, POOR air quality, on the
illustration.

+ COUGH, CHEST DI SCOMFORT, HEADACHE

Heal thy adults notice disconfort in breathing, get headaches, and
cough.

= MORE FREQUENT ASTHMA ATTACKS

Mre frequent coughing spells are had by people with asthna.

RED BLOCD CELL SPHERI NG

Changes in the appearance of red blood cells were noticed in hunan
vol unt eers.

DECREASED VI SI ON, CONCENTRATI ON

Human vol unteers exposed to ozone had decreased sharpness of vision
and had nore difficulty concentrating. This may contribute to the
hi gher nunber of autonobile accidents when ozone |evels rise.

o Stage Two Ozone Episode (35-50). Ozone levels in this range
are identified as Situation D, VERY POOR air quality, on the
illustration.

e DECLINE IN LUNG FUNCTION IN HEALTHY | ND VI DUALS

Human vol unteers exposed to ozone at this |level had a noticeable
decrease in various lung functions. At this level ozone is
certainly more than an inconvenience; it presents a health hazard to
peopl e
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All effects of ozone at |ower concentrations continue at higher
concentrations. In the right-hand-side of the illustration

these effects are repeated as ozone levels rise.

(zone, however, is not usually the cause of eye irritation. O her
pollutants in snog are responsible for the stinging eyes.

The left-hand side of the illustrations shows the daily high ozone
concentration in your area during last August and Septenber.

Pl ease notice the very high readings just before Labor Day Wekend
and three weeks later on Septenber 22 and 23. Between these periods of
hi gh ozone levels was a period of exceptionally |ow ozone |evels. Earlier
in the summer there were rather large day-to-day variations in daily high
ozone readings.

Thursday, Septenber 2, was a day with relatively high ozone
concentrations in your area. It was the Thursday before Labor Day weekend
and is marked on the left-hand-side of the illustration with a solid arrow
This was a day with VERY POOR ozone levels, such as Situation D as shown on
the illustration.

1. Did you or any of the nembers of your inmediate famly experience any
of the "ozone-induced" effects described above
on Thursday, Septenber 2?

Yes No (Pl ease Check)
2. If you answered yes, which of these synptoms did you notice?
Your sel f Fam |y Menber
Synpt om

Decreased Vision
Mre frequent asthma attacks
Cough, Chest disconfort

Q her (please nane)

The principle source of em ssions which yield ozone is exhaust fromcars and
trucks. Factories, refineries, and other industrial facilities, also
produce a significant anount of em ssions.

A reduction in ozone levels will require the use of nore costly
procedures in manufacturing and in higher operating costs for autonobiles
and trucks. Al of this would be reflected in higher prices for goods and
services.

Over the Labor Day weekend, ozone |evels dropped some in your area, to
Situation C.  There were nunerous other days in August and Septenber with
C, POOR air quality.

Try to imagine a summer day with VERY POOR ozone |evels, such as
situation D as shown in the illustration.
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requi

regul ati ons were inposed you would be "paying" for

3.
daily
your

$ .00
$ .50
$1.00
$1.50

4.

Ozone | evels could be reduced on that day by inposing regul ations
ring the use of nore expensive procedures as mentioned above. |f such
an ozone reduction.

What is the nost your household would be willing to pay to reduce the

hi gh ozone reading on that day from VERY POOR to POOR? Pl ease circle
answer .
$2.00 $4.00  $6.00 $8. 00 $11. 00 $15. 00 $35. 00
$2.50 $4.50  $6.50 $8. 50 $12. 00 $20. 00 $50. 00
$3. 00 $5.00 $7.00 $9. 00 $13. 00 $25. 00 $75. 00
$3. 50 $5.50  $7.50 $10. 00 $14. 00 $30. 00 $100. 00

What is the nost your household would be willing to pay to reduce

the daily high ozone level on that day from VERY POOR to FAIR?

Pl ease circle your answer.

$ .00 $2.00 $4.00 $6.00 $8. 00 $11. 00 $15. 00 $35. 00
$ .50 $2.50 $4.50 $6.50 $8. 50 $12. 00 $20. 00 $50. 00
$1.00 $3. 00 $5.00 $7.00 $9. 00 $13. 00 $25. 00 $75. 00
$1.50 $3.50 $5.50  $7.50 $10. 00 $14. 00 $30. 00 $100. 00
5. What is the nost your household would be willing to pay to reduce
the daily high ozone level on that day from VERY POOR to GOCOD?

Pl ease circle your answer.

$ .00 $2.00 $4.00 $6.00 $8. 00 $11. 00 $15. 00 $35. 00
$ .50 $2.50 $4.50 $6.50 $8. 50 $12. 00 $20. 00 $50. 00
$1.00  $3.00 $5.00 $7.00 $9. 00 $13. 00 $25. 00 $75. 00
$1.50 $3. 50 $5.50  $7.50 $10. 00 $14. 00 $30. 00 $100. 00
6. Answer only if you answered $.00 to questions 3 through 5 above.

7.

Did you bid zero because you believe that:

You do not consider ozone to be a problemfor
you and your fanily.

It is unfair or unjust to expect the victim of
damages to have to pay the cost of preventing danages.
O her

In what outdoor activities do you regularly participate? How often?

Rarely Cccasional 'y Oten
Activity (1-5 days/year) (5-15 days/year) (Mre than 15 days/year)
Hi ki ng
Joggi ng . -
Sailing .
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Rarely Cccasional 'y Oten
Activity (1-5 days/year) (5-15 days/year) (Mre than 15 days/year)

Tennis .
Surfing .
Swi mming .

®
<

@

n

N}

8. Do you change your behavior on days with high ozone | |
so, how?
At what levels of ozone?
B C D

Drive less

Exercise at different hours

Stay indoors

9. How long have you lived at your present address? years
10.  How long have you lived in the Los Angeles area? years
11. Did you consider air quality when choosing your hone? Yes No

12.  How nuch new information about air quality in the South Coast Air Basin
and the effects of ozone did you find in the background
material to this questionnaire?

none very little quite a bit a great dea

13.  Hone zip code

14.  Your education: under 12 years
H gh School
College - no degree
Bachel or's degree
Post - graduate degree

15.  Your age group: under 18

18- 24
25- 34
35-44
45-54
55 & over
16.  Sex: Mal e Femal e
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17. How many nenbers are there in your househol d? persons.
18.  Are you the primary income earner in your household? __yes __ no

19.  Wul d you please indicate which of the follow ng groups your annual
before tax household income falls in:

____less than $5,000 ___$25,000- 29, 999 ____ $55,000-59, 999
____$ 5,000-7,499 _$30,000- 34, 999 ___$60, 000- 64, 999
____$ 7,500-9,999 _$35,000- 39, 999 ____$65, 000- 69, 999
___$10,000- 14, 999 ____$40, 000- 44, 999 ____$70,000- 74, 999
____$15,000-19, 999 _ $45,000- 49, 999 __$75,000 and up
____$20,000- 24, 999 ___ $50, 000- 54, 999

200 Do you live in a detached house, duplex, apartment or nobile home?

(1) House (2) Dupl ex (3) Apartment (4) Mobile Hone

21. Do you own or rent your hone? own rent
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SAN FERNANDO VALLEY SURVEY

Air pollution in the Los Angeles area consists of a variety of gases
and particles. Some of these are enitted directly by pollution sources
(cars, trucks, industrial facilities) while others are formed in the air
from these directly emtted pollutants.

OQzone, the nost inportant gaseous air problem in the South Coast Air
Basin, is created when certain other emissions are exposed to sunlight
Ozone is an inportant air problem because of its effects on human health
and wel | - bei ng.

Please find and open the enclosed sheet of illustrations.

The left-hand side shows the daily maxi nrum ozone concentrations in
your area during August and September of this year.

The right-hand side presents a summary of known effects of breathing
ozone on humans and experimental animals. The effects are the result of
relatively short-term exposure to ozone concentrations that are possible in
the South Coast Air Basin.

Ozone concentrations in the air are neasured in parts per hundred
mllion. This is a comon way of neasuring ozone |evels.

On this scale a measure of 5 is very clean air for the Los Angeles
area. A rating of 40 is very snoggy.

The Federal Standard for ozone requires an hourly average
concentration of ozone less than 12 (all references to ozone concentration
will be in parts per hundred nmillion).

A Stage One Ozone Episode is called when ozone concentrations exceed
20.

A Stage Two (zone Episode requires an hourly average of 35. There have
been no Stage Three (zone Episodes, which require a concentration of 50,
since 1974.

Some of the effects of ozone |evels are:
o Concentrations neeting the Federal Standard (0-12). Ozone levels in this

range are identified as Situation A, GOOD air quality, on the
illustration.

+ ODCR BRI EFLY NOTI CEABLE
Most peopl e notice the pungent snmell of ozone at concentrations

around 2. At 5 the "snell" fades in about 5 minutes even if the
ozone remains.
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o Federal Standard violated (12-20). (zone levels in this range are
identified as Situation B, FAIR air quality, on the illustration.

« DECREASED ATHLETI C PERFORMANCE

Athl etes performing outdoors show slower speeds in running
*+ LONER RESI STANCE TO LUNG | NFECTI ON

Sone |aboratory animals get lung infections nore readily.
= SENSI TI VE ASTHVATI CS HAVE MORE FREQUENT ATTACKS

The people with asthma who are nobst sensitive to ozone have nore
frequent coughing spells.

o Stage One Ozone Episode (20-35). (Qzone levels in this range are
identified as Situation C, POOR air quality, on the illustration.

+ COUGH, CHEST DI SCOMFORT, HEADACHE

Heal t hy adults notice disconfort in breathing, get headaches, and
cough.

« MORE FREQUENT ASTHVA ATTACKS
More frequent coughing spells are had by people wth asthma.
« RED BLOOD CELL, SPHERI NG

Changes in the appearance of red blood cells were noticed in
human vol unt eers.

DECREASED VI SI ON, CONCENTRATI ON

Human vol unteers exposed to ozone had decreased sharpness of
vision and had nmore difficulty concentrating. This pay
contribute to the higher nunber of autonobile accidents when
ozone levels rise.

o Stage Two Ozone Episode (35-50). (zone levels in this range are
identified as Situation D, VERY POOR air quality, on the illustration.

« DECLINE I N LUNG FUNCTI ON | N HEALTHY | NDI VI DUALS

Human vol unt eers exposed to ozone at this level had a noticeable
decrease in various lung functions. At this level ozone is
certainly nore than an inconvenience; it presents a health hazard
to people.

Al effects of ozone at |ower concentrations continue at higher
concentrations. In the right-hand-side of the illustration these
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effects are repeated as ozone levels rise. COzone, however is not
usually the cause of eye irritation. Qher pollutants in smg are
responsi ble for the stinging eyes.

The left-hand side of the illustrations shows the daily high ozone
concentration in your area during last August and Septenber.

Pl ease notice the very high readings just before and during Labor Day
Weekend and three weeks later on Septenmber 22 and 23. Between these
periods of high ozone levels was a period of exceptionally |ow ozone
| evel s. Earlier in the summer there were rather |arge day-to-day
variations in daily high ozone readings.

Saturday, Septenber 4, was a day with relatively high ozone

concentrations in your area. It was the Saturday of Labor Day weekend and
is marked on the left-hand-side of the illustration with a solid arrow
This was a day with POOR ozone levels, such as Situation C as shown on the
illustration.

1. Did you or any of the nmenbers of your inmediate fam|ly experience any
of the "ozone-induced" effects described above on Saturday, Septenber 4?

Yes No (Pl ease Check)
2. If you answered yes, which of these synptoms did you notice?
Your sel f Fam |y Menber

Synmpt om

Decreased Vision
More frequent asthma attacks
Cough, Chest disconfort

Q her (pl ease nane)

The principle source of emnmissions which yield ozone is exhaust from
cars and trucks. Factories, refineries, and other industrial facilities,
al so produce a significant amunt of enissions.

A reduction in ozone levels will require the use of nore costly
procedures in manufacturing and in higher operating costs for autonobiles
and trucks. Al of this would be reflected in higher prices for goods and
services.

Over the Labor Day weekend, ozone |evels dropped sone in your area, to
Situation B. There were nunerous other days in August and Septenber with
B, FAIR air quality.

Try to inmagine a summer day with POOR ozone |evels, such as Situation
C as shown in the illustration.

Qzone levels could be reduced on that day by inposing regulations

requiring the use of nore expensive procedures as nentioned above. [|f such
regul ations were inposed you would be "paying" for an ozone reduction.
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4. \What is the nost your household would be willing to pay to reduce the
dai ly high ozone reading on that day from POOR to FAIR?
Pl ease circle your answer.

$ .00 $2.00 $4.00 $6. 00 $8. 00 $11. 00 $15. 00 $35. 00
$ .50 $2.50 $4.50 $6. 50 $8. 50 $12. 00 $20. 00 $50. 00
$1.00 $3.00 $5. 00 $7.00 $9. 00 $13. 00 $25. 00 $75. 00

$1.50 $3.50 $5. 50 $7.50  $10.00 $14. 00 $30. 00 $100. 00

5. What is the nost you would be willing to pay to reduce the
daily high ozone level on that day from POOR to GOOD?
Pl ease circle your answer.

$ .00 $2.00 $4.00 $6. 00 $8. 00 $11. 00 $15. 00 $35. 00
$ .50 $2.50 $4.50 $6. 50 $8. 50 $12. 00 $20. 00 $50. 00
$1.00 $3.00 $5. 00 $7.00 $9. 00 $13. 00 $25. 00 $75. 00

$1.50 $3.50 $5. 50 $7.50 $10. 00 $14. 00 $30. 00 $100. 00
6. Answer only if you answered $.00 to questions 4 through 5 above.
Did you bid zero because you believe that:
You do not consider ozone to be a problem for
you and your famly.

It is unfair or unjust to expect the victim of
damages to have to pay the cost of preventing danmages.

O her
7. In what outdoor activities do you regularly participate? How often?
Rarely Cccasional l'y Often

Activity (1-5 days/year) (5-15 days/year) (Mre than 15 days/year)

H ki ng .
Joggi ng .
Sailing .
Tennis .
Surfing .
Swi nming .

8. Do you change your behavior on days with high ozone levels? If
so, how?
At what levels of ozone?
B C D
Drive |ess
Exercise at different hours
Stay indoors

N
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9. How long have you lived at your present address? years
10. How long have you lived in the Los Angeles area? years
11.  Did you consider air quality when choosing your hone? Yes NO

12.  How much new i nformation about air quality in the South Coast Air
Basin and the effects of ozone did you find in the background material to this

questionnaire?

none very little quite a bit a great dea

13.  Hone zip code

14.  Your education: under 12 years
H gh School
Col l ege - no degree
Bachel or's degree
Post - graduate degree

15.  Your age group: under 18

18- 24
25-34
35-44
45-54
55 & over
16.  Sex : Mal e Femal e

17. How many nenbers are there in your househol d? persons.

18. Are you the primary income earner in your household? __Yyes no

19. Wul d you please indicate which of the follow ng groups your annua
househol d income falls in:

| ess than $5, 000 $25, 000- 29, 999 $55, 000- 59, 999
$ 5,000-7,499 $30, 000- 34, 999 $60, 000- 64, 999
$ 7,500-9,999 $35, 000- 39, 999 $65, 000- 69, 999
$10, 000- 14, 999 $40, 000- 44, 999 $70, 000- 74, 999
$15, 000- 19, 999 $45, 000- 49, 999 $75,000 and up
$20, 000- 24, 999 $50, 000- 54, 999

200 Do you live in a detached house, duplex, apartnent or nobile home?

(1) Detached (2) Dupl ex (3) Apartnent (4) Mobile Hone

21. Do you own or rent your hone? own rent
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Dear Californian:

W are a research teamat the University of Womnm ng conducting a study
related to air quality inprovenents. Air quality is a famliar topic to
people who live in the Los Angeles area. Also, nmany people are interested
in the benefits of having cleaner air.

However, cleaning up the air involves certain costs to society in
which all people will share in one way or another. W are interested in
finding out whether it is worth it for the people in Los Angeles to pay
these costs in light of the benefits they receive from cleaner air.

W woul d appreciate it if you would take the tine to answer sone
questions which will be helpful in discovering whether pollution control is
wor t hwhi | e. Bef ore answering these questions, please read through the
following information on neasuring air quality. Your answers will be held in
strict confidence. A postage paid return envelope is enclosed to return the
questionnaire form

Thank you for your cooperation.
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ORANGE COUNTY SURVEY

Air pollution in the Los Angeles area consists of a variety of gases
and particles. Some of these are emtted directly by pollution sources
(cars, trucks, industrial facilities) while others are fornmed in the air
from these directly emtted pollutants.

(zone, the mpst inportant gaseous air problemin the South Coast Air
Basin, is created when certain other emissions are exposed to sunlight
Qzone is an inportant air problem because of its effects on human health
and wel | - bei ng.

Pl ease find and open the enclosed sheet of illustrations.

The left-hand side shows the daily maxi num ozone concentrations in
your area during August and Septenber of this year.

The right-hand side presents a summary of known effects of breathing
ozone on humans and experinmental animals. The effects are the result of
relatively short-term exposure to ozone concentrations that are possible in
the South Coast Air Basin

Ozone concentration in the air are neasured in parts per hundred
mllion. This is a comon way of neasuring ozone |evels.

On this scale a nmeasure of 5 is very clean air for the Los Angeles
area. A rating of 40 is very snoggy.

The Federal Standard for ozone requires an hourly average
concentration of ozone less than 12 (all references to ozone concentration
will be in parts per hundred nillion).

A Stage One zone Episode is called when ozone concentrations exceed
20. A Stage Two Ozone Episode requires an hourly average of 35. There
have been no Stage Three Ozone Episodes, which require a concentration of
50, since 1974.

Sone of the effects of ozone |levels are:

o Concentrations neeting the Federal Standard (0-12). Ozone levels in this
range are identified as Situation A, GOOD air quality, on the illustration.

+ ODOR BRI EFLY NOTI CEABLE

Most people notice the pungent smell of ozone at concentrations
around 2. At 5 the "snmell" fades in about 5 minutes even if the
ozone renains.

o Federal Standard violated (12-20). (Ozone levels in this range are
identified as Situation B, FAIR air quality, on the illustration.
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+ DECREASED ATHLETI C PERFORMANCE

Athletes perform ng outdoors show slower speeds in running
+ LOAER RESI STANCE TO LUNG | NFECTI ON

Some | aboratory animals get lung infections nore readily.
« SENSITIVE ASTHVATI CS HAVE MORE FREQUENT ATTACKS

The people with asthnma who are nost sensitive to ozone have nore
frequent coughing spells.

o Stage One (zone Episode (20-35). Ozone levels in this range
are identified as Situation C, POOR air quality, on the illustration.

+ COUGH, CHEST DI SCOMFORT, HEADACHE

Heal thy adults notice disconfort in breathing, get headaches, and
cough.

« MORE FREQUENT ASTHWVA ATTACKS
Mre frequent coughing spells are had by people with asthna.
+ RED BLOOD CELL SPHERI NG

Changes in the appearance of red blood cells were noticed in human
vol unt eers.

+ DECREASED VI SION, CONCENTRATI ON

Human vol unteers exposed to ozone had decreased sharpness of vision
and had rore difficulty concentrating. This may contribute
to the higher number of autonobile accidents when ozone levels rise

o Stage Two Ozone Episode (35-50). Ozone levels in this range
are identified as Situation D, VERY POOR air quality, on the
illustration.

»+ DECLINE IN LUNG FUNCTION | N HEALTHY | NDI VI DUALS

Human vol unteers exposed to ozone at this level had a noticeable
decrease in various lung functions. At this level ozone is
certainly nore than an inconvenience; it presents a health hazard
to people.

Al effects of ozone at |ower concentrations continue at higher
concentrations. In the right-hand-side of the illustration

these effects are repeated as ozone levels rise. Ozone, however, is not
usual ly the cause of eye irritation. Oher pollutants in snog are
responsible for the stinging eyes.
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The left-hand side of the illustrations shows the daily high ozone
concentration in your area during |ast August and Septenber.

Pl ease notice the very high readings just before Labor Day Wekend
and three weeks later on September 22 and 23. Between these periods of
hi gh ozone |l evels was a period of exceptionally |ow ozone |evels. Earlier
in the sumer there were rather |large day-to-day variations in daily high
ozone readings.

Friday, Septenmber 3, was a day with relatively high ozone
concentrations in your area. It was the Friday before Labor Day weekend
and is marked on the left-hand-side of the illustration with a solid arrow
This was a day with FAIR ozone |evels such as Situation B as shown on the
illustration. B, FAIR day.

1. Didyou or any of the nenbers of your immediate fanmily experience any
of the "ozone-induced" effects described above on Friday, Septenber 3?

Yes No (Pl ease Check)
2. If you answered yes, which of these synptons did you notice?
Your sel f Family Menber

Synmpt om

Decreased Vision
More frequent asthma attacks
Cough, Chest disconfort

Q her (please nane)

The principle source of em ssions which yield ozone is exhaust from
cars and trucks. Factories, refineries, and other industrial facilities,
al so produce a significant amount of emissions.

A reduction in ozone levels will require the use of nore costly
procedures in manufacturing and in higher operating costs for autonobiles
and trucks. Al of this would be reflected in higher prices for goods and
services.

Over the Labor Day weekend, ozone |evels dropped some in your area, to
Situation A.  There were nunerous other days in August and Septenber with
A, GOOD air quality.

Try to imagine a sunmer day with FAIR ozone |evels such as Situation B
as shown in the illustration.

Ozone levels could be reduced on that day by inposing regul ations

requiring the use of nore expensive procedures as nentioned above. |If
such regul ations were inposed you would be "paying" for an ozone reduction.
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5. Wat is the nost your household would be willing to pay to reduce the
daily high ozone reading on that day from FAIR to GOOD?
Pl ease circle your answer.

$ .00 $2.00 $4. 00 $6. 00 $8. 00 $11. 00 $15. 00 $35. 00
$ .50 $2.50 $4.50 $6. 50 $8. 50 $12.00 $20. 00 $50. 00
$1. 00 $3.00 $5. 00 $7.00 $9. 00 $13.00 $25. 00 $75. 00
$1.50 $3.50 $5. 50 $7.50 $10. 00 $14.00 $30. 00 $100. 00

6. Answer only if you answered $.00 to question 3 above.
Did you bid zero because you believe that:

You do not consider ozone to be a problem for

you and your famly.

It is unfair or unjust to expect the victim of

damages to have to pay the cost of preventing danmages.

______ Oher
7. In what outdoor activities do you regularly participate? How often?
Rarely Cccasional |y O ten
Activity (1-5 days/year) (5-15 days/year) (Mre than 15 days/year)
H king . :
Joggi ng .
Sailing .
Tennis .
Surfing .

Swiming . .

8. Do you change your behavior on days with high ozone levels? If so, how?

At what |evels of ozone?

B C D
Drive less -
Exercise at different hours
Stay indoors
9. How long have you lived at your present address? years
10.  How long have you lived in the Los Angeles area? years
11. Did you consider air quality when choosing your hone? Yes No
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to this

no

12.  How nuch new information about air quality in the South Coast Air Basin
and the effects of ozone did you find in the background nateria
questionnaire?

none very little quite a bit a great dea
13.  Home zip code
14.  Your education: under 12 years
H gh School
College - no degree
Bachel or's degree
Post - graduate degree
15.  Your age group: under 18
18- 24
25-34
35-44
45-54
55 & over

16.  Sex: Mal e Fenal e

17. How many nenbers are there in your househol d? persons

18. Are you the primary income earner in your household? _  yes

19.  Woul d you please indicate which of the follow ng groups your annua

househol d income falls in:
| ess than $5, 000 $25, 000- 29, 999 $55, 000- 59, 999
$ 5,000-7,499 $30, 000- 34, 999 $60, 000- 64, 999
$ 7,500-9,999 $35, 000- 39, 999 $65, 000- 69, 999
$10, 000- 14, 999 $40, 000- 44, 999 $70, 000- 74, 999
$15, 000- 19, 999 $45, 000- 49, 999 $75,000 and up
$20, 000- 24, 999 $50, 000- 54, 999

20, Do you live in a detached house, duplex or apartment?

(1) House (2) Dupl ex (3) Apartnent (4) Mobile Home
21. Do you own or rent your hone? owm rent
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Hel l o

| ampart of a research teamfromthe University of Woning, we are
conducting a study related to air quality inprovenents. Air quality is a
fam liar topic to people who live in the Los Angeles area

However, cleaning up the air involves certain costs to society in
which all people will share in one way or another. W are interested in
finding out whether it is worth it for the people in Los Angeles to pay
these costs in light of the benefits they receive fromcleaner air

I would like to take a few minutes of your time to ask some questions.

Your answers will be helpful in discovering whether pollution control is
wor t hwhi | e.
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[ DO NOT READ ALOUD PASSAGES | N BRACKETS]

Bef ore asking you the questions, |'d like to tell you a few things
about ozone.

[ SAN GABRI EL VALLEY | NTERVI EW

Air pollution in the Los Angeles area consists of a variety of gases
and particles. Some of these are enmitted directly by pollution sources
(cars, trucks, industrial facilities) while others are formed in the air
fromthese directly emtted pollutants.

Qzone, the nost inportant gaseous air problemin the South Coast Air
Basin, is created when certain other enmissions are exposed to sunlight.
Qzone is an inportant air problem because of its effects on human health
and wel | - bei ng.

Pl ease ook at this illustration.

[ HAND | LLUSTRATI ON TO RESPONDENT]
[POINT TO LEFT Sl DE]

The left-hand side shows the daily maxi num ozone concentrations in
your area during August and Septenmber of this year.

[POINT TO RI GHT SI DE]

The right-hand side presents a summary of known effects of breathing
ozone on humans and experinmental animals. The effects are the result of
relatively short-term exposure to ozone concentrations that are possible in
the South Coast Air Basin.

[ PO NT TO SCALE]

Ozone concentrations in the air are measured in parts per hundred
mllion. This is a conmon way of measuring ozone |evels.

[PONT TO "5" AND "40" ON SCALE]

On this scale a neasure of 5 is very clean air for the Los Angeles
area. A rating of 40 is very snoggy.

[PONT TO 12 ON CENTER SCALE]

The Federal Standard for ozone requires an hourly average
concentration of ozone less than 12 (all references to ozone concentration
will be in parts per hundred mllion).

[PONT TO '20" ON CENTER SCALE]

A Stage One Qzone Episode is called when ozone concentrations reach
20.
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[PONT TO '35 ON CENTER SCALE]

A Stage Two Qzone Episode requires an hourly average of 35. There have
been no Stage Three Ozone Episodes, which require a concentration of 50,
since 1974.

Sone of the effects of ozone |evels are:
[PONT TO 'A ON CENTER SCALE]

[o Concentrations neeting the Federal Standard (0-12).] Qzone
levels in the range of 0 to 12 are identified as Situation A GOOD
[PONT TO"A, THEN 'GOOD ]
air quality, on the illustration.

Here we see
- ODOR BRI EFLY NOTI CEABLE [ PO NT OUT]

Thi s neans
Most peopl e notice the pungent snell of ozone at concentrations
around 2. At 5 the "snmell" fades in about 5 minutes even if the

ozone remains.

{o Federal Standard violated (12-20).] Ozone levels of 12 to 20
are identified as Situation B, FAIR air quality,

[PONT TO 'B, THEN 'FAIR]
on the illustration.
Here we see that the effects are
+ DECREASED ATHLETI C PERFORMANCE [ PO NT OUT]
Athl etes performing outdoors show slower speeds in running.
« SENSI TI VE ASTHMATI CS HAVE MORE FREQUENT ATTACKS [PO NT OUT]

The people with asthma who are nost sensitive to ozone have nore
frequent coughing spells.

« LOWER RESI STANCE TO LUNG | NFECTI ON [ PO NT QUT]
Sone laboratory animals get lung infections nore readily.

[o Stage One Ozone Episode (20-35).] Qzone levels from20 to 35

[PONT TO 'C, THEN 'POOR ]
are identified as Situation C, POOR air quality, on the illustration.

229



The effects are
« COUGH, CHEST DI SCOVFORT, HEADACHE [ PO NT QUT]

Heal thy adults notice disconfort in breathing, get headaches,
cough.

+ MORE FREQUENT ASTHVA ATTACKS [ PO NT OUT]
More frequent coughing spells are had by people with asthna.

* RED BLOOD CELL SPHERI NG [ PO NT OUT]
Changes in the appearance of red blood cells were noticed in
human vol unt eers.

+ DECREASED VI SI ON, CONCENTRATI ON

This was left off the illustration.

Human vol unteers exposed to ozone had decreased sharpness of
vision and had nore difficulty concentrating. This may
contribute to the higher nunmber of autonobile accidents when

ozone |levels rise.

[o Stage Two Ozone Epi sode (35-50).] Ozone levels from 35 to 50

[PONT TO'D, THEN 'VERY POCR ]

are identified as Situation D, VERY POOR air quality, on the
illustration.

« DECLINE IN LUNG FUNCTION I'N HEALTHY | NDI VI DUALS [ PO NT QUT]

and

Human vol unt eers exposed to ozone at this |level had a noticeable

decrease-in various lung functions. At this level ozone is

certainly nore than an inconvenience; it presents a health hazard

to people.

Pl ease note that effects of ozone at |ower concentrations
continue at higher concentrations. [PONT TO EACH LIST OF
EFFECTS] In the right-hand-side of the illustration these
effects are repeated as ozone levels rise. (Ozone, however,
is not usually the cause of eye irritation. COher pollutants
in snobg are responsible for the stinging eyes.

[PONT TO LEFT SI DE]

The left-hand side of the illustrations shows the daily high ozone
concentration in your area during last August [PQO NT] and Septenber

[ POINT] .

Pl ease notice the very high readings just before Labor Day Wekend
[PONT TO PEAKS] and three weeks |ater on Septenmber 22 and 23. Between
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these periods [PONT TO VALLEY] of high ozone levels was a period of
exceptional ly |low ozone levels. Earlier in the sunmer there were rather
| arge day-to-day variations in daily high ozone readings.

Now, | would like to ask you some questions. | wll hold the
illustration so you can mark your answers. [EXCHANGE |LLUSTRATION FOR
CLI PBOARD, DI SPLAY | LLUSTRATI ON FOR RESPONDENT]

Thursday, Septenber 2, was a day with relatively high ozone
concentrations in your area. It was the Thursday before Labor Day weekend
[PONT TO PEAK] and is narked on the left-hand-side of the illustration
with a solid arrow. This was a day with [SLIDE ACROSS TO ' VERY POCR ]
VERY POOR ozone |evels, such as Situation D as shown on the illustration.
The first question is:

1. Did you or any of the menbers of your imrediate famly experience any
of the "ozone-induced" effects described above
on Thursday, Septemnber 2?

Yes No [Pl ease Check] Please check your answer

[IF NO, SKIP #2]

2. [If you answered yes,] which of these symptoms did you notice?
Pl ease mark your answer sheet. For instance, did you or a nenber of
your famly notice decreased vision? How about the other |isted
synpt oms?
Your sel f Fam |y Menber
synpt om
Decreased Vision
More frequent asthma attacks
Cough, Chest disconfort
Q her (please nane)

[ PREFACE MATERI AL FOR #3]

The principle source of emnissions which yield ozone is exhaust from
cars and trucks. Factories, refineries, and other industrial facilities
al so produce a significant anount of enissions.

A reduction in ozone levels will require the use of nore costly
procedures in manufacturing and in higher operating costs for autonobiles
and trucks. Al of this would be reflected in higher prices for goods and
servi ces.

Over the Labor Day weekend, ozone levels dropped sone in your area, to
Situation C. There were nunerous other days in August and Septenber with
C, POOR air quality.

Most people woul d agree that they prefer |ower ozone |levels to higher
levels. The next set of questions addresses changes in ozone
concentrati on.
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To establish a point of reference for changes, try to imagine a summer
day with VERY POOR ozone |evels, such as situation D as shown in the
illustration.

Ozone levels could be reduced on that day by inposing regulations
requiring the use of nore expensive procedures as nentioned above. If such
regul ations were inposed you would be "paying" for an ozone reduction.

On your answer sheet are a series of amounts. Please circle the
amount that is your answer to Question 3.

[ READ #3]

3. What is the most your household would be willing to pay to reduce the
daily high ozone reading on that day from VERY POOR to POOR? [Please circle
your answer. ]

$ .00 $ 2.00 $4.00 $6.00 $8. 00 $11.00 $15. 00 $35. 00
$ .50 $2.50 $4.50  $6.50 $8. 50 $12.00 $20. 00 $50. 00
$1.00 $3.00 $5.00  $7.00 $9. 00 $13.00 $25. 00 $75.00
$1.50  $3.50 $5.50  $7.50 $10. 00 $14.00 $30. 00 $100. 00

For Question 4, please circle the amount that

4. [What] is the mpst your household would be willing to pay to reduce
the daily high ozone level on that day from VERY POOR to FAIR?
[Pl ease circle your answer.]

$ .00 $ 200 $4.00 $6.00 $8. 00 $11.00 $15. 00 $35. 00
$ .50 $2.50 $4.50  $6.50 $8. 50 $12.00 $20. 00 $50. 00
$1. 00 $3.00 $5.00 $7.00 $9. 00 $13.00 $25. 00 $75. 00
$1.50 $3.50 $5.50  $7.50 $10. 00 $14.00 $30. 00 $100. 00

For Question 5, the change is from VERY POOR to GOOD. [BE SURE THAT
RESPONDENT UNDERSTANDS THI'S IS TOTAL, NOT ADDI TI ONAL]

5. What is the mpst your household would be willing to pay to reduce
the daily high ozone level on that day from VERY POCR to GOOD?
Pl ease circle your answer.

$ .00 $ 200 $4.00 $6.00 $8. 00 $11.00 $15. 00 $35. 00
$ .50 $2.50 $4.50  $6.50 $8. 50 $12.00 $20. 00 $50. 00
$1. 00 $3.00 $5.00 $7.00 $9. 00 $13.00 $25. 00 $75.00
$1.50 $3.50 $5.50 $7.50 $10. 00 $14.00 $30. 00 $100. 00

If you answered zero for any questions, please answer Question 6.
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6. [Answer only if you answered $.00 to questions 3 through 5 above.]
Did you bid zero because you believe that:

You do not consider ozone to be a problem for

you and your famly.

It is unfair or unjust to expect the victim of

damages to have to pay the cost of preventing danages.
O her

Wul d you answer Question 7 by indicating how often you engage in
outdoor activities? For instance, do you hike rarely, occasionally or
often? How about other activities whether or not they are |isted?

7. [In what outdoor activities do you regularly participate? How often?]

Barely Cccasional ly Oten
Activity (1-5 days/year) (5-15 days/year) (Mre than 15 days/year)

H ki ng .
Joggi ng
Sai l'i ng
Tennis .
Surfing
Swi mmi ng

If you change your behavior when ozone levels rise, please answer
Question 8. For exanple, do you drive less if you know that the standard
is violated?

8.  [Do you change your behavior on days with high ozone levels? If
so, how?]
At what |evels of ozone?
B C D
Drive |ess
Exercise at different hours
Stay indoors

The remaining questions about your and your family will be useful for
anal yzing peoples' responses to the questions already asked.

Your answers to all these questions are of course strictly
confidential. Please mark your answers to the rest of the questions before
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putting your answer sheet in this pouch. [ CLOSE BI NDER. DI SPLAY OPEN
POUCH W TH OTHER ANSWER SHEETS IN IT.]

Thank you.

[BE SURE TO GET ALL QUESTI ONS ANSWERED]

9.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

How | ong have you |ived at your present address? years
How | ong have you lived in the Los Angel es area? years
Did you consider air quality when choosing your home? Yes No

How nuch new i nformation about air quality in the South Coast Air Basin
and the effects of ozone did you find in the background
material to this questionnaire?

none very little quite a bit a great dea

Hone zip code

Your education: under 12 years
H gh School
College - no degree
Bachel or's degree
Post - graduate degree

Your age group: under 18

18- 24
25- 34
35-44
45-54
55 & over
Sex: Mal e Fenmal e

How many nenbers are there in your househol d? persons
Are you the primary incone earner in your househol d? yes no

Do you live in a detached house, duplex, apartment or mobile home?

(1) House (2) Dupl ex (3) Apartnent (4) Mobile Home

Do you own or rent your home? own rent
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21.  Wuld you pl ease indicate which of the follow ng groups your annual
before tax household incone falls in:

| ess than $5, 000 $25, 000- 29, 999 $55, 000- 59, 999
$ 5,000-7,499 $30, 000- 34, 999 _____$60,000- 64, 999
$ 7,500-9, 999 $35, 000- 39, 999 $65, 000- 69, 999
$10, 000- 14, 999 $40, 000- 44, 999 $70, 000- 74, 999
$15, 000- 19, 999 $45, 000- 49, 999 $75,000 and up
$20, 000- 24, 999 $50, 000- 54, 999
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SAN GABRI EL VALLEY SURVEY
ANSVER SHEET
1. Didyou or any of the nmenbers of your imediate fam |y experience any of

the "ozone-induced" effects described above
on Thursday, Septenber 2?

Yes No (Pl ease Check)
2. |If you answered yes, which of these synptoms did you notice?
Your sel f Fam |y Menber

Synptom

Decr eased Vi sion

More frequent asthma attacks

Cough, Chest disconfort

QG her (please nane)

3. What is the nost your household would be willing to pay to reduce the
dai ly high ozone reading on that day from VERY POOR to POOR? Pl ease circle
your answer.

$ .00 $ 2.00 $4.00 $6. 00 $8. 00 $11.00 $15. 00 $35. 00
$ .50 $2. 50 $4.50 $6. 50 $8. 50 $12. 00 $20. 00 $50. 00
$1. 00 $3. 00 $5. 00 $7.00 $9. 00 $13.00 $25. 00 $75. 00
$1.50 $3. 50 $5. 50 $7.50 $10. 00 $14.00 $30. 00 $100. 00

4. What is the nost your household would be willing to pay to reduce
the daily high ozone level on that day from VERY POOR to FAIR?
Pl ease circle your answer.

$ .00 $ 2.00 $4. 00 $6. 00 $8. 00 $11.00 $15. 00 $35. 00
$ .50 $2. 50 $4.50 $6. 50 $8. 50 $12.00 $20. 00 $50. 00
$1. 00 $3. 00 $5. 00 $7.00 $9. 00 $13.00 $25. 00 $75. 90
$1.50 $3. 50 $5. 50 $7.50 $10. 00 $14.00 $30. 00 $100. 00

5. What is the nost your household would be willing to pay to reduce
the daily high ozone level on that day from VERY POOR to GOCD?
Pl ease circle your answer.

$ .00 $ 2.00 $4. 00 $6. 00 $8. 00 $11.00 $15. 00 $35. 00
$ .50 $2. 50 $4.50 $6. 50 $8. 50 $12.00 $20. 00 $50. 00
$1. 00 $3. 00 $5. 00 $7.00 $9. 00 $13.00 $25. 00 $75.00
$1.50 $3. 50 $5. 50 $7.50 $10. 00 $14. 00 $30. 00 $100. 00
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6. Answer only if you answered $.00 to questions 3 through 5 above.
Did you bid zero because you believe that:

You do not consider ozone to be a problem for

you and your famly.

It is unfair or unjust to expect the victim of

damages to have to pay the cost of preventing danmges.

O her
7. In what outdoor activities do you regularly participate? How often?
Rarely Cccasional ly Oten
Activity (1-5 days/year) (5-15 days/year) (Mre than 15 days/year)

H king .

Joggi ng .

Sai ling

Tennis .

Surfing

Swi nmi ng

8. Do you change your behavior on days with high ozone levels? If

so, how?
At what |evels of ozone?
B C D
Drive less
Exercise at different hours
Stay indoors
9. How long have you lived at your present address? years
10. How I ong have you lived in the Los Angel es area? years
11. Did you consider air quality when choosing your home? Yes No

12. How much new i nformation about air quality in the South Coast Air Basin
and the effects of ozone did you find in the background
material to this questionnaire?

none very little quite a bit a great deal
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13.  Honme zip code

14.  Your education: under 12 years
H gh School
College - no degree
Bachel or's degree
Post - graduate degree

15.  Your age group: under 18

18- 24
25-34
35-44
45-54
55 & over
16.  Sex: Mal e Femal e

17.  How many menbers are there in your househol d? persons.
18. Are you the primary incone earner in your household? __yes __no

19. Do you live in a detached house, duplex, apartnent or nobile honme?

(1) House (2) Dupl ex (3) Apartment (4) Mobile Home

20. Do you own or rent your hone? own rent

21.  Would you please indicate which of the followi ng groups your annual
before tax household incone falls in:

___less than $5,000  __ $25,000- 29, 999 __ $55,000- 59, 999
___$5,000-7, 499 __$30, 000- 34, 999 ____$60, 000- 64, 999
__$ 7,500-9, 999 _ $35,000- 39, 999 __$65,000- 69, 999
____$10, 000- 14, 999 ___ $40,000- 44, 999 ____$70,000- 74, 999
__$15,000-19, 999 __ $45,000-49, 999 ___$75,000 and up
___$20,000- 24, 999 _____$50, 000- 54, 999
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Hel l o

| am part of a research team from the University of Woming, we are
conducting a study related to air quality inprovenents. Air quality is a
famliar topic to people who live in the Los Angeles area

However, cleaning up the air involves certain costs to society in
which all people will share in one way or another. W are interested in
finding out whether it is worth it for the people in Los Angeles to pay
these costs in light of the benefits they receive from cleaner air.

| would like to take a few minutes of your time to ask sonme questions.

Your answers will be helpful in discovering whether pollution control is
wor t hwhi | e.
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[DO NOT READ ALOUD PASSACGES | N BRACKETS]

Before asking you the questions, |'d like to tell you a few things
about ozone.

[ SAN FERNANDO VALLEY | NTERVI EW

Air pollution in the Los Angeles area consists of a variety of gases
and particles. Some of these are emtted directly by pollution sources
(cars, trucks, industrial facilities) while others are formed in the air
from these directly emtted pollutants.

(zone, the nost inportant gaseous air problemin the South Coast Air
Basin, is created when certain other enissions are exposed to sunlight.
Qzone is an inportant air problem because of its effects on hunman health
and wel | - bei ng.

Pl ease look at this illustration.

[ HAND | LLUSTRATI ON TO RESPONDENT]
[PONT TO LEFT SI D]

The left-hand side shows the daily nmaxi num ozone concentrations in
your area during August and Septenber of this year.

[PONT TO RIGHT SI DE]

The right-hand side presents a summary of known effects of breathing
ozone on humans and experinental animals. The effects are the result of
relatively short-term exposure to ozone concentrations that are possible in
the South Coast Air Basin.

[ PO NT TO SCALE]

Qzone concentrations in the air are nmeasured in parts per hundred
mllion. This is a common way of neasuring ozone |evels.

[PONT TO "5" AND "40" ON SCALE]

On this scale a neasure of 5 is very clean air for the Los Angeles
area. A rating of 40 is very snoggy.

[PONT TO "12" ON CENTER SCALE]

The Federal Standard for ozone requires an hourly average
concentration of ozone less than 12 (all references to ozone concentration
will be in parts per hundred mllion).

[PONT TO "20" ON CENTER SCALE]

A Stage One (Ozone Episode is called when ozone concentrations exceed
20.
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[PONT TO "35" ON CENTER SCALE]

A Stage Two Ozone Episode requires an hourly average of 35. There have
been no Stage Three (zone Episodes, which require a concentration of 50,
since 1974.

Sone of the effects of ozone |evels are:

[o Concentrations neeting the Federal Standard (0-12).] Ozone levels in
the range of 0 to 12 are identified as Situation A GOOD

[PONT TO'A, THEN ' GOOD ]

air quality, on the illustration.
Here we see

+ ODOR BRI EFLY NOTI CEABLE [PO NT QOUT]

This means

Most people notice the pungent snell of ozone at concentrations
around 2. At 5 the "snell" fades in about 5 minutes even if the
ozone renains.

[o Federal Standard violated (12-20).] Ozone levels of 12 to 20 are
identified as Situation B, FAIR air quality, on the illustration.

[PONT TO "B, THEN 'FAIR]
» DECREASED ATHLETI C PERFORVANCE [ PO NT QUT]
Athl etes performng outdoors show slower speeds in running.
* SENSI TI VE ASTHMATI CS HAVE MORE FREQUENT ATTACKS [ PO NT QUT]

The people with asthma who are nost sensitive to ozone have nore
frequent coughing spells.

+ LOMER RESI STANCE TO LUNG I NFECTION [ PO NT QUT]
Sonme |aboratory animals get lung infections nore readily.

[o Stage One Ozone Episode (20-35).] Czone levels from20 to 35 are

[PONT TO'C, THEN TO 'POCR ]
identified as Situation C, POOR air quality, on the illustration.

« COUGH, CHEST DI SCOVFORT, HEADACHE [ PO NT OUT]
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Heal thy adults notice disconfort in breathing, get headaches, and
cough.

+ MORE FREQUENT ASTHVA ATTACKS [ PO NT QUT]
More frequent coughing spells are had by people with asthna.

+ RED BLOOD CELL SPHERI NG [PO NT QOUT]
Changes in the appearance of red blood cells were noticed in

human vol unt eers.

+ DECREASED VI SION, CONCENTRATI ON
This was left off the illustration
Human vol unt eers exposed to ozone had decreased sharpness of vision
and had nmore difficulty concentrating. This may contribute

to the higher nunber of autonobile accidents when ozone |evels
rise.

[c Stage Two Ozone Epi sode (35-50).] Ozone levels from35 to 50 are

[PONT TO'D THEN 'VERY POOR ]
identified as Situation D, VERY POOR air quality, on the illustration.
* DECLINE IN LUNG FUNCTION IN HEALTHY | NDI VIDUALS [PQO NT QUT]

Human vol unteers exposed to ozone at this level had a noticeable
decrease in various lung functions. At this level ozone is
certainly nore than an inconvenience; it presents a health hazard to
peopl e.

Pl ease note that effects of ozone at |ower concentrations
continue at higher concentrations. [PONI TO EACH LIST OF
EFFECTS] In the right-hand-side of the illustration

these effects are repeated as ozone levels rise. Qzone,
however is not usually the cause of eye irritation.

Qher pollutants in smg are responsible for the stinging eyes.

[PONT TO LEFT SI D]

The left-hand side of the illustrations shows the daily high ozone
concentration in your area during |ast August [PO NT] and Septenber

[ POINT] .

Pl ease notice the very high readings just before and during Labor Day
Weekend [PO NT TO PEAKS] and three weeks later on Septenber 22 and 23.
Bet ween t hese periods [PO NT TO VALLEY] of high ozone |evels was a period
of exceptionally |low ozone levels. Earlier in the summer there were rather
| arge day-to-day variations in daily high ozone readings.
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Now, | would like to ask you some questions. | will hold the
illustration so that you can mark your answers.

[ EXCHANGE | LLUSTRATI ON FOR CLI PBOARD; DI SPLAY | LLUSTRATI ON FOR RESPONDENT]

Saturday, Septenber 4, was a day with relatively high ozone
concentrations in your area. It was the Saturday of Labor Day weekend
[PONT TO PEAK] and is marked on the left-hand-side of the illustration
with a solid arrow This was a day with [SLIDE ACROSS TO 'POOR ] POOR
ozone levels, such as Situation C as shown on the illustration. The first
question is:

1. Did you or any of the menbers of your inmediate fam |y experience any
of the "ozone-induced" effects described above on Saturday, September 47?

Yes No [Pl ease Check] Please check your answer

[IF NO, SKIP #2]

2. [If you answered yes,] which of these synptoms did you notice?
Pl ease mark your answer sheet. For instance, did you or a nenmber of your
fam |y notice decreased vision? How about the other listed synptons?

Your sel f Fanmily Menber
Synmpt om

Decreased Vision

More frequent asthma attacks
Cough, Chest disconfort

Q her (please nane)

[ PREFACE MATERI AL FOR #3]

The principle source of emissions which yield ozone is exhaust from
cars and trucks. Factories, refineries, and other industrial facilities,
al so produce a significant anount of em ssions.

A reduction in ozone levels will require the use of nore costly
procedures in manufacturing and in higher operating costs for autonobiles
and trucks. Al of this would be reflected in higher prices for goods and
servi ces.

Over the Labor Day weekend, ozone |evels dropped some in your area, to
Situation B. There were nunerous other days in August and Septenber wth
B, FAIR air quality.

Most people would agree that they prefer |ower ozone |evels to higher
levels. The next set of questions addresses changes in ozone
concentrati on.

To establish a point of reference for changes, try to inagine a summer
day with POOR ozone levels, such as Situation C as shown in the
illustration.
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Qzone levels could be reduced on that day by inposing regul ations
requiring the use of nore expensive procedures as mentioned above. I|f such
regul ations were inmposed you would be "paying" for an ozone reduction.

On your answer sheet are a series of ampbunts. Please circle the
amount that is your answer to Question 4.

[ READ #4; THERE 1S NO #3]

4, What is the nost your household would be willing to pay to reduce the
daily high ozone reading on that day from POOR to FAI R?

[Please circle your answer.]

$ .00 $2.00 $4.00 $6. 00 $8. 00 $11. 00 $15. 00 $35. 00
$ .50 $2.50 $4.50 $6. 50 $8. 50 $12. 00 $20. 00 $50. 00
$1.00 $3.00 $5. 00 $7.00 $9. 00 $13. 00 $25. 00 $75. 00

$1.50 $3.50 $5. 50 $7.50  $10.00 $14. 00 $30. 00 $100. 00
For Question 5, please circle the anount that
5 [Wat] is the mbst you would be willing to pay to reduce the

daily high ozone level on that day from POOR to GOOD?
[Please circle your answer.]

$ .00 $2.00 $4.00 $6. 00 $8. 00 $11. 00 $15. 00 $35. 00
$ .50 $2.50 $4.50 $6. 50 $8. 50 $12. 00 $20. 00 $50. 00
$1.00 $3.00 $5. 00 $7.00 $9. 00 $13. 00 $25. 00 $75. 00
$1.50 $3.50 $5. 50 $7.50 $10.00  $14.00 $30. 00 $100. 00

If you answered zero for either question, please answer Question 6.
6. [Answer only if you answered $.00 to questions 4 through 5 above.]
Did you bid zero because you believe that:

You do not consider ozone to be a problem for
you and your fanily.
It is unfair or unjust to expect the victim of
damages to have to pay the cost of preventing danmmges.
O her
Woul d you answer Question 7 by indicating how often you engage in
outdoor activities? For instance, do you hike rarely, occasionally or
often? How about other activities whether or not they are |isted?

7. [In what outdoor activities do you regularly participate? How often?]

Rarely Cccasional |y O ten
Activity (1-5 days/year) (5-15 days/year) (Mre than 15 days/year)
H ki ng .
Jogging . _
Sailing .




Rarely Cccasional 'y O ten
Activity (1-5 days/year) (5-15 days/year) (Mre than 15 days/year)
Tennis . .
Surfing .
Swiming . .

If you change your behavior when ozone |evels rise please answer Question
8. For exanple, do you drive less if you know that the standard is being
vi ol at ed?

8. [Do you change your behavior on days with high ozone levels? If
so, how?]
At what |evels of ozone?
B C D
Drive |ess
Exercise at different hours
Stay indoors

The remaining questions about you and your family wll be useful for
anal yzing peoples' responses to the questions already asked

Your answers to all of these questions are of course strictly
confidential. Please mark your answers to the rest of the questions before
putting your answer sheet in this pouch.

[CLOSE BINDER. DI SPLAY OPEN POUCH W TH OTHER ANSWER SHEETS IN IT.]

Thank you

[BE SURE TO GET ALL QUESTI ONS ANSVERED

9. How long have you lived at your present address? years
10.  How long have you lived in the Los Angeles area? years
11. Did you consider air quality when choosing your honme? Yes No

12.  How nuch new information about air quality in the South Coast Air
Basin and the effects of ozone did you find in the background material to this
questionnaire?

none very little quite a bit a great dea

245



13.  Home zip code

14.  Your education: under 12 years
H gh School
Coll ege - no degree
Bachel or's degree
Post - graduate degree

15.  Your age group: under 18

18- 24
25- 34
35-44
45-54
55 & over
16.  Sex: Mal e __ Femle
17.  How many nenbers are there in your household? ____ Pe€rsons.
18. Are you the primary income earner in your household? __Y€s __NO

19. Do you live in a detached house, duplex, apartnent or nobile hone?
(1) Detached (2) Dupl ex (3) Apartnent (4) Mobile Home
20. Do you own or rent your hone? own ____rent

21. Would you pl ease indicate which of the follow ng groups your annual
househol d income falls in:

| ess than $5, 000 $25, 000- 29, 999 $55, 000- 59, 999
$ 5,000-7,499 $30, 000- 34, 999 $60, 000- 64, 999
$ 7,500-9,999 $35, 000- 39, 999 $65, 000- 69, 999
$10, 000- 14, 999 $40, 000- 44, 999 $70, 000- 74, 999
$15, 000- 19, 999 $45, 000- 49, 999 $75,000 and up
$20, 000- 24, 999 $50, 000- 54, 999
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SAN FERNANDO VALLEY SURVEY

ANSVER SHEET

1. Did you or any of the menbers of your inmediate fam |y experience any of
the "ozone-induced" effects described above on Saturday, Septenber 4?

Yes No (Pl ease Check)
2. If you answered yes, which of these synptoms did you notice?
Your sel f Fam |y Menber

Synmpt om

Decreased Vision

Mre frequent asthma attacks
Cough, Chest disconfort

Q her (please nane)

4. What is the nost your household would be willing to pay to reduce the
daily high ozone reading on that day from POOR to FAIR?
Pl ease circle your answer.

$ .00 $2. 00 $4. 00 $6. 00 $8. 00 $11.00 $15. 00 $35. 00
$ .50 $2. 50 $4.50 $6. 50 $8. 50 $12. 00 $20. 00 $50. 00
$1. 00 $3. 00 $5. 00 $7.00 $9. 00 $13. 00 $25. 00 $75.00
$1.50 $3. 50 $5. 50 $7.50 $10.00  $14.00 $30. 00 $100. 00

5. What is the nmost you would be willing to pay to reduce the
daily high ozone level on that day from POOR to GOCD?
Pl ease circle your answer.

$ .00 $2. 00 $4. 00 $6. 00 $8. 00 $11.00 $15. 00 $35. 00
$ .50 $2.50 $4.50 $6. 50 $8. 50 $12.00 $20. 00 $50. 00
$1. 00 $3.00 $5. 00 $7.00 $9. 00 $13.00 $25. 00 S75.00
$1.50 $3. 50 $5. 50 $7.50 $10.00  $14.00 $30. 00 $100. 00

6. Answer only if you answered $.00 to questions 4 through 5 above.
Did you bid zero because you believe that:

You do not consider ozone to be a problem for

you and your famly.

It is unfair or unjust to expect the victim of

damages to have to pay the cost of preventing danages.
O her
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7. In what outdoor activities do you regularly participate? How often?

Rarely Cccasional ly Oten
Activity (1-5 days/year) (5-15 days/year) (Mre than 15 days/year)

H ki ng .
Joggi ng .
Sailing .
Tennis .
Surfing .
Swi nming .

8. Do you change your behavior on days with high ozone |evels? If

so, how?
At what |evels of ozone?
B C D
Drive less
Exercise at different hours
Stay indoors
9. How long have you lived at your present address? years
10. How long have you lived in the Los Angeles area? years
11. Did you consider air quality when choosing your home? Yes No

12.  How nuch new information about air quality in the South Coast Air
Basin and the effects of ozone did you find in the background material to this
questionnaire?

none very little quite a bit a great dea

13.  Home zip code

14.  Your education: under 12 years
H gh School
College - no degree
Bachel or's degree
Post - graduate degree
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15.  Your age group: under 18

18- 24
25-34
35-44
45-54
55 & over
16.  Sex: Mal e Femal e
17. How many nenbers are there in your househol d? persons.

18. Are you the prinary incone earner in your household? __yes _ no
19. Do you live in a detached house, duplex, apartnent or nobile home?
(1) Detached (2) Dupl ex (3) Apartment (4) Mobile Home

20. Do you own or rent your home? own rent

21, Would you pl ease indicate which of the follow ng groups your annual
househol d income falls in:

| ess than $5,000 $25, 000- 29, 999 $55, 000- 59, 999
$ 5, 000-7, 499 $30, 000- 34, 999 $60, 000- 64, 999
$ 7,500-9, 999 $35, 000- 39, 999 $65, 000- 69, 999
$10, 000- 14, 999 $40, 000- 44, 999 $70, 000- 74, 999
$15, 000- 19, 999 $45, 000- 49, 999 $75,000 and up
$20, 000- 24, 999 $50, 000- 54, 999
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Hel | o:

| am part of a research team from the University of Wonming, we are
conducting a study related to air quality inprovenents. Air quality is a
famliar topic to people who live in the Los Angeles area

However, cleaning up the air involves certain costs to society in
which all people will share in one way or another. W are interested in
finding out whether it is worth it for the people in Los Angeles to pay
these costs in light of the benefits they receive from cleaner air.

| would like to take a few minutes of your time to ask sonme questions.

Your answers will be helpful in discovering whether pollution control is
wor t hwhi | e.
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[DO NOT READ ALOUD PASSAGES | N BRACKETS]

Before asking you the questions, 1'd like to tell you a few things
about ozone.

[ ORANGE COUNTY | NTERVI EW

Air pollution in the Los Angeles area consists of a variety of gases
and particles. Some of these are enitted directly by pollution sources
(cars, trucks, industrial facilities) while others are formed in the air
from these directly emtted pollutants.

Czone, the nost inportant gaseous air problemin the South Coast Air
Basin, is created when certain other emissions are exposed to sunlight.
QOzone is an inportant air problem because of its effects on human health
and wel | - bei ng.

Pl ease look at this illustration.

[ HAND | LLUSTRATI ON TO RESPONDENT]
[PONT TO LEFT S| Df|

The left-hand side shows the daily maxi mum ozone concentrations in
your area during August and Septenber of this year.

[PONT TO R GHT SI D]

The right-hand side presents a summary of known effects of breathing
ozone on humans and experinental animals. The effects are the result of
relatively short-term exposure to ozone concentrations that are possible in
the South Coast Air Basin.

[PONT TO SCALE]

Ozone concentration in the air are neasured in parts per hundred
mllion. This is a comobn way of measuring ozone |evels.

[PONT TO "5" AND "40" ON SCALE]

On this scale a measure of 5 is very clean air for the Los Angel es
area. A rating of 40 is very snoggy.

[PONT TO "12" ON CENTER SCALE]

The Federal Standard for ozone requires an hourly average
concentration of ozone less than 12 (all references to ozone concentration
will be in parts per hundred mllion).

[PONT TO "20" ON CENTER SCALE]

A Stage One Ozone Episode is called when ozone concentrations exceed
20.
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[PONT TO "35" on CENTER SCALE]

A Stage Two Qzone Episode requires an hourly average of 35.
been no Stage Three Qzone Episodes,
since 1974.

There have
which require a concentration of 50,

Sone of the effects of ozone |levels are:

[o Concentrations neeting the Federal Standard (0-12).] Ozone levels in
the range of 1 to 12 identified as Situation A GOOD

[PONT TO "A'", THEN ' GOOD ]
air quality, on the illustration.
+ ODOR BRI EFLY NOTI CEABLE [ PO NT QUT]

This neans

Most peopl e notice the pungent snel
around 2. At 5 the "smell"
ozone remains.

of ozone at concentrations
fades in about 5 mnutes even if the

[o Federal Standard violated (12-20).] Ozone levels of 12 to 20 are
identified as Situation B, FAIR air quality, on the illustration.

[PONT TO 'B', THEN 'FAIR ]
+ DECREASED ATHLETI C PERFORMANCE [ PO NT QUT]

Athletes perfornming outdoors show slower speeds in running

« SENSITI VE ASTHVATICS HAVE MORE FREQUENT ATTACKS [ PO NT OUT]

The people with asthma who are nost sensitive to ozone have nore
frequent coughing spells.

+ LOAER RESI STANCE TO LUNG | NFECTION [PO NT OUT]

Some | aboratory aninals get lung infections nore readily.

[o Stage One Ozone Epi sode (20-35).] Ozone levels from 20 to 35
are identified as Situation C, POOR air quality, on the illustration.

[PONT TO'C, THEN 'POCR ]
- COUCH, CHEST DI SCOVFORT, HEADACHE [POINT OUT]

Heal thy adults notice disconfort in breathing,

get headaches, and
cough.

MORE FREQUENT ASTHVA ATTACKS [ PO NT CQUT]
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More frequent coughing spells are had by people with asthna.

+ RED BLOOD CELL SPHERI NG [PO NT QOUT]

Changes in the appearance of red blood cells were noticed in human
vol unt eers.

» DECREASED VI SI ON, CONCENTRATI ON

This was left off the illustration.

Human vol unteers exposed to ozone had decreased sharpness of vision
and had nore difficulty concentrating. This may contribute
to the higher nunber of automobile accidents when ozone levels rise.

[o Stage Two Ozone Epi sode (35-50).] Qzone levels from 35 to 50
are identified as Situation D, VERY POOR air quality, on the
illustration.

« DECLINE I'N LUNG FUNCTION I N HEALTHY | NDI VI DUALS [ PO NT OUT]

Human vol unteers exposed to ozone at this level had a noticeable
decrease in various lung functions. At this |level ozone is
certainly more than an inconvenience; it presents a health hazard to

peopl e.

Please note that effects of ozone at |ower concentrations
continue at higher concentrations. [PONT TO EACH LIST OF
EFFECTS] In the right-hand-side of the illustration

these effects are repeated as ozone levels rise. Ozone,
however, is not usually the cause of eye irritation.

O her pollutants in snog are responsible for the stinging eyes.

[PONT TO LEFT S| Df|

The left-hand side of the illustrations shows the daily high ozone
concentration in your area during last August [PONT] and Septenber

[ PO NT] .

Pl ease notice the very high readings just before Labor Day Wekend
[PONT TO PEAKS] and three weeks later on September 22 and 23. Between
these periods [PONT TO VALLEY] of high ozone levels was a period of
exceptionally low ozone levels. Earlier in the summer there were rather

| arge day-to-day variations in daily high ozone readings.

Now, | would like to ask you sone questions. | wll hold the
illustration so that you can mark your answers.

[ EXCHANGE | LLUSTRATI ON FOR CLI PBOARD; DI SPLAY | LLUSTRATI ON FOR RESPONDENT]

Friday, Septermber 3, was a day with relatively high ozone
concentrations in your area. It was the Friday before Labor Day weekend
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[PONT TO PEAK] and is marked on the left-hand-side of the illustration
with a solid arrow. This was a day with [SLIDE ACROSS TO 'FAIR] FAIR
ozone levels such as Situation B as shown on the illustration. B, FAIR day.
The first question is:

1. Did you or any of the menbers of your immediate family experience any
of the "ozone-induced" effects described above on Friday, Septenber 372

Yes No [Pl ease Check] Please check your answer

[IF NO, SKIP #2]

2. [If you answered yes,] which of these synptons did you notice?
Pl ease mark your answer sheet. For instance, did you or a member of your
fam |y notice decreased vision? How about the other listed synptons?

Your sel f Fam |y Menber
Synpt om

Decreased Vision
Mre frequent asthnma attacks
Cough, Chest disconfort

Q her (please nane)

[ PREFACE MATERI AL FCR #5]

The principle source of em ssions which yield ozone is exhaust from
cars and trucks. Factories, refineries, and other industrial facilities,
al so produce a significant amount of em ssions.

A reduction in ozone levels will require the use of nore costly
procedures in manufacturing and in higher operating costs for autonobiles
and trucks. Al of this would be reflected in higher prices for goods and
servi ces.

COver the Labor Day weekend, ozone |evels dropped some in your area, to
Situation A There were numerous other days in August and September with
A, GOCD air quality.

Most people would agree that they prefer |ower ozone |evels to higher
level s. The next question addresses changes in ozone concentration.

To establish a point of reference for changes, try to inagine a sumrer
day with FAIR ozone |evels such as Situation B as shown in the
illustration.

Ozone | evels could be reduced on that day by inposing regul ations
requiring the use of nore expensive procedures as nentioned above. If such
regul ati ons were inmposed you would be "paying” for an ozone reduction.

On your answer sheet are a series of ampunts. Please circle the
amount that is your answer to Question 5.
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[ READ #5; THERE IS NO #3 or #4]

5. Wat is

the nost your household would be willing to pay to reduce the

[Please circle your answer.]

$ .00
$ .50
$1.00
$1.50

$2.00
$2.50
$3.00
$3.50

$4.00 $6. 00
$4.50 $6. 50
$5. 00 $7.00
$5.50 $7.50

$8. 00
$8. 50
$9. 00
$10. 00

daily high ozone reading on that day from FAIR to GOOD?

$11. 00 $15. 00 $35. 00
$12. 00 $20. 00 $50. 00
$13. 00 $25. 00 $75. 00
$14. 00 $30. 00 $100. 00

If you answered zero please answer Question 6.

6. [Answer only if you answered $.00 to question 3 above.]

Wul d you answer

out door
of ten?

Did you bid zero because you believe that:

You do not consider ozone to be a problem for

you and your famly
It is unfair or unjust to expect the victim of

damages to have to pay the cost
O her

of preventing damages.

Question 7 by indicating how often you engage in

activities? For instance do you hike rearely, occasionally or

How about other activities whether

7. [In what

Activity

Hi ki ng

Joggi ng
Sai ling

Tennis .

Surfing

Swi mmi ng :

If you change your

Question

8

or

not

they are listed?

outdoor activities do you regularly participate? How often?]

Rarely

Cccasional 'y

O ten

(1-5 days/year) (5-15 days/year) (Mre than 15 days/year)

behavi or when ozone levels rise, please answer

For exanple do you drive less if your know that the standard is
being vi ol ated?

2

(8]
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8. [Do you change your behavior on days with high ozone levels? If so,
how?]

At what levels of ozone?
B C D
Drive |ess
Exercise at different hours
Stay indoors

The renaining questions about you and your famly will be useful in
anal yzing peoples' responses to the questions already asked

Your answers to all of these questions are of course strictly
confidential. Please mark your answers to the rest of the questions before
putting your answer sheet in this pouch.

[ CLOSE BINDER DI SPLAY OPEN POUCH W TH OTHER ANSWER SHEETS IN IT.]

Thank you.

[BE SURE TO CGET ALL QUESTI ONS ANSWERED

9. How long have you lived at your present address? years
10.  How long have you lived in the Los Angeles area? years
11. Did you consider air quality when choosing your hone? Yes No

12, How nuch new information about air quality in the South Coast Air Basin
and the effects of ozone did you find in the background material to this
questi onnaire?

none very little quite a bit a great dea

13.  Home zip code

14, Your education: under 12 years
H gh School
College - no degree
Bachel or's degree
Post - graduate degree
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15.

16.

17.

18.

19.

20.

21,

Your age group: under 18

18- 24
25-34
35-44
45-54
55 & over
Sex: Mal e Fenmal e

How many nenbers are there in your househol d? persons

Are you the primary income earner in your househol d? yes

Do you live in a detached house, duplex or apartnent?

(1) House (2) Duplex (3) Apartnment (4) Mobile Hone

Do you own or rent your honme? own rent

househol d income falls in:

| ess than $5, 000 $25, 000- 29, 999 $55, 000- 59, 999
$ 5,000-7,499 $30, 000- 34, 999 $60, 000- 64, 999
$ 7,500-9,999 $35, 000- 39, 999 $65, 000- 69, 999
$10, 000- 14, 999 $40, 000- 44, 999 $70, 000- 74, 999
$15, 000- 19, 999 $45, 000- 49, 999 $75,000 and up

$20, 000- 24, 999 $50, 000- 54, 999
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ORANGE COUNTY SURVEY

ANSWER SHEET

1. Did you or any of the nmenbers of your inmmediate famly experience any of

the "ozone-induced" effects described above on Friday, September
Yes ___ No (Please Check)
2. If you answered yes, which of these synptoms did you notice?
Your sel f Fam |y Menber
Synpt om
Decreased Vision

More frequent asthma attacks

Cough, Che

Q her (please nane)

Swinmng . .

st disconfort

3?

5. What is the nost your household would be willing to pay to reduce the
daily high ozone reading on that day from FAIR to GOCD?
Pl ease circle your answer.
$ .00 $2.00 $4.00 $6. 00 $8. 00 $11.00 $15. 00 $35. 00
$ .50 $2.50 $4.50 $6. 50 $8. 50 $12. 00 $20. 00 $50. 00
$1.00 $3. 00 $5. 00 $7.00 $9. 00 $13.00 $25. 00 $75. 00
$1.50 $3.50 $5. 50 $7.50 $10. 00 $14. 00 $30. 00 $100. 00
6. Answer only if you answered $.00 to question 3 above
Did you bid zero because you believe that:
You do not consider ozone to be a problemfor
you and your famly.
It is unfair or unjust to expect the victim of
damages to have to pay the cost of preventing danages.
O her
7. In what outdoor activities do you regularly participate? How often?
Rarely Cccasional 'y Oten
Activity (1-5 days/year) (5-15 days/year) (Mre than 15 days/year)
H ki ng . oo
Joggi ng .
Sailing .
Tennis .
Surfing .




8. Do you change your behavior on days with high ozone levels? [If so, how?

At what |evels of ozone?

B C D
Drive less
Exercise at different hours
Stay indoors
9. How long have you lived at your present address? years
10. How long have you lived in the Los Angeles area? years
11. Dd you consider air quality when choosing your honme? Yes No

12. How rmuch new information about air quality in the South Coast Air Basin
and the effects of ozone did you find in the background material to this
questionnaire?

none very little quite a hit a great dea

13.  Hone zip code

14.  Your education: under 12 years
H gh School
College - no degree
Bachel or's degree
Post - graduate degree

15.  Your age group: under 18

18- 24
25- 34
35-44
45-54
55 & over
16.  Sex: Mal e Femal e
17. How many nenbers are there in your househol d? persons
18. Are you the primary income earner in your househol d? yes no
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19. Do you live in a detached house, duplex or apartment?

(1) House (2) Dupl ex (3) Apartment (4) Mobile Hone

20, Do you own or rent your home? own rent

21. Would you please indicate which of the follow ng groups your annual
househol d income falls in:

| ess than $5, 000 $25, 000- 29, 999 $55, 000- 59, 999
$ 5,000-7,499 $30, 000- 34, 999 $60, 000- 64, 999
$ 7,500-9,999 $35, 000- 39, 999 $65, 000- 69, 999

$10, 000- 14, 999 $40, 000- 44, 999 $70, 000- 74, 999
$15, 000- 19, 999 $45, 000- 49, 999 $75,000 and up
$20, 000- 24, 999 $50, 000- 54, 999
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APPENDI X B

. 1 NTRODUCTI ON

The makers of the public policy for our environnent nust be concerned
with the effects their efforts have on consumer preferences. For instance,
EPA-directed prograns in the 1970's have led to research on the health,
aesthetic, and property damage consequences of deteriorating air quality.
As individuals become aware of these effects, we may expect their
preferences for air quality, or the activities which use air quality, to
change. Presuming a denand for air quality, we nmight hypothesize that the
demand has increased (shifted to the right) for individuals as a result of
this new information. In order to test this hypothesis, some technique
must be used for estimating the demand relationship. Here, we exanmine the
possibilities for using the hedonic technique and propose how it can be
used to research the changing preferences issue

The use of the hedonic technique to estimate the inplicit (hedonic)
prices of the characteristics or qualities of certain goods is becom ng
wi dely accepted in the Environnental and Urban economics fields. I'ts
application to residential housing data, whereby, the value of a home is
regressed against various site specific, because, these "goods" are not
explicitly traded in markets. The resulting estimated inplicit prices
of fer measures to the nmarginal val ues consunmers reserve for such things as
public safety, school quality, and air quality - all with public good
qualities. Conti nui ng refinements in estimtion techni ques nake these
estimates nore and nore reliable.

Al t hough the estimation of the hedonic prices has been widely
accepted, using themto identify demand functions for the characteristics

has not. Rosen (1974) proposed using the estinated hedonic prices,
quantities, and consumer tastes and incone infornmation to estimate these
demand curves. In principle, demand curves for public goods can be

identified, because across a large urban area, their qualities are likely
to vary. Thus, the hedonic technique reveals the inplicit prices
associated with the various qualities. The data appear simlar to ordinary
mar ket data, and, when coupled with the informatioa on consumers, the
demand rel ationships woul d appear to be identifies. Recently, severa
researchers have chal |l enged Rosen's proposal (Brown and Rosen, 1982;

Pal mgui st, 1981; and Mendel sohn, 1980). Their basic argunents suggest that
the demands can only be identified-with multimrket data, perhaps from
several urban areas.

In this appendix we purport to: (a) contribute to a better
understanding of the new literature nmentioned above; (b) outline the data
requirenments for inplementing the hedonic technique to estimate the demands
for public goods; and, (c) present sone evidence of changing preferences
and outline a conplete enpirical test of this hypothesis.

The remai nder of the appendix has four sections. Section Il contains
an analysis of the hedonic technique to estimate demand relationships. In
section Il we present a short discussion of the data available for
proceeding with estimation. W believe our data set will enable us to
identify a demand for environmental quality. In the fourth section we
address the issue of changing preferences. Evidence is presented which is
not inconsistent with the hypothesis of preferences changing overtime. The



| ast section contains sone concluding renarks.

[I. DEMAND ESTI MATI ON

Qur concern is with housing data so we restrict our analyses to this
commodity class for the remainder of the paper. Let S, N, and Q represent
a vector of site specific characteristics, a vector of neighborhood and
| ocational characteristics, and a scalar neasuring the environmental
quality, respectively. Then, P(S,N,Q is the hedonic function faced by
consuners and producers in an urban area. It can be visualized by
i magi ning consurmers as "bidding" for the characteristics and producers
"offering" the various characteristics at different prices. The hedonic
function is the locus of tangencies between the consunmers' bid functions
and the producers' offer functions. Consumers will maximze utility by
choosing the bundle of housing characteristics such that their indifference
surface is just tangent to P(S,N Q. Wth respect to Q this inplies that

aP/3qQ = MRSQ . Where y is some nuneraire comodity (noney). The MRS
nmeasur es “the Xonsumers' marginal wllingness to pay for a marginal change
in Q For the ith individual, we denote this bhy: W, = 3ap/3qQ.

Anal ogously, the producers will supply characteristic bun%iles so that their
iso-profit loci are just tangent to the hedonic function.

By estimating P(S,N, Q, the 3P/3Q can be neasured and, therefore, W..
The mmj or question concerns using these estinates to identify the demand
for Q The problemis sinplied when the supply of available housing units
can be assuned fixed at the various |ocations (Freeman, 1979). For this
case, the consuners will bid for the hones wth the desired
characteristics; the sinmultaneity between demand and supply can be ignored.
The supply of units appears relatively constant in tlﬁe Los Angel es County
area (see Table 1 below) and we neke this assunption.

In general, there is no reason to expect that the hednoic function
will be linear (Rosen, 1974, p. 38) so different prices will be reveal ed
for different levels of Q Furthernore, it is unlikely that the demand
will be separable from the other characteristics. Using @« to denote a
vector of individual taste paranmeters (including incone) the denand
function can be represented by

W, = W(s, N, 0, o). (1)

Unfortunately, the estimation of (1) will nqt identify the demand
curve. To see this, consider Figure 1 where aP /aQ is the estimted
implicit price equation for Q The optimal choice of Q for two individuals
(i and j) is represented by Q, and Q,, revealing prices P, and P_,
respectively. It appears as th%ugh welhave price and qualify variation.
However, this results fromthe nonlinear hedonic equation. Di f f erent
individuals will choose different quantities but, there are no data on how
like individuals will react to different prices. The estimates of (1) will
not differ between the demands. W. ,and W,' or W, and W_,'. Each demand curve
yields precisely the same information. J J

To overcone these difficulties another hedonic function could be
estimated using data from other matkets. The inplicit price equation from
another market is illustrated as 3P“/3Q in Figure 1. The additional
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Figure 1: The Inplicit Price Function from Two Different Markets
(aPl/aQ and aPZ/aQ) and Hypothetical Demand Curves for

Two | ndividuals
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information enables us to discern between W. and W.', and W, and W."'.
Coviously, the estinmates of the demand function Wil 1 improve Jas more and
nore nmarkets are added to the data.

[11. DATA REQU REMENTS

To estimate demand functions it is necessary to assume a utility
function that is comon to all individuals with the exception of measurable
taste shift parameters. These are usually such variables and education
sex, age, and race. The use of multinmarket data may rely on this
assunption for diverse geographic regions. For example, data from Dallas,
Texas could be nerged with data from San Diego, California. The assunption
would inmply that individuals with the sane sex, age, etc., from Texas woul d
have the same preferences for environnental quality as those from
California. This assunption may be too restrictive, in that, different
preferences may be the cause of different hedonic gradients. | denti cal
preferences for like individuals may be nore defensible when different
markets can be identified within a geographic region. The problem then,
is to identify the markets.

Mendel sohn (1980) suggests that a sufficient condition for hedonic
functions to vary across nmarkets is "that the underlying array of suppliers
changes across the nmarkets." Some exanples would include different supply
arrangenents induced by building codes or realtor boards. Anot her
sufficient condition noted by Mendelsohn: "if the nunber of demanders in a
mar ket is independent of the market prices, the supply curves are not
perfectly elastic, and the number of demanders vary across markets.” This
woul d result when the transportation costs between markets are prohibitive
(Pal mgui st, 1981). Therefore, we have some quide |lines on defining
different markets within a geographic region. A major task for future
efforts is to design and inplenent statistical tests which nmay all ow
markets to be identified

A data set is being assenmbled by the authors in conjunction with the
Womi ng group which lends itself to these fornms of analyses. The data are
for several California counties, including two SMSAS, for several years in
the 1970s. Ideally, a demand curve for Californians can be identified and
conpared to others fromdifferent geographical regions. Such a procedure
may isolate variation in preferences for environmental quality between
regions in the US

V.  SH FTING PREFERENCES

The possibility of the consuners' preferences changing over time can
be exam ned by estimating demand equations fromthe same geographic region
for several different time periods. The hypothesis of an increase in
demand for environmental quality could then be tested statistically by
conparing the demand for like individuals (with simlar quantities of al
characteristics) between the tine periods. In theory, demand curves will
exist for the individual in different time periods. And, under the
assunption of constant preferences these demand curves would be identical

let 5, N, Q and o be the vectors of housing characteristics and neasurable
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taste parameters (including incone), respectively. Use wt and Wt+ to
represent the demand equation estimated in year t and year t+l. T%en, the
nul | hypothesis is:

H:W(S N Q o) +¥ (5 N, Q, a)

t+l1
and the alternative is:

H,: wt@, N, Q a) <W__ (5 N, qQ, a).

A°
Again, the California data set would facilitate this type of hypothesis
testing.

As an initial investigation into this issue, the hedonic function for
Los Angeles County has been estimated for 1972 and 1978 data. The neans
and standard deviations of the data are presented in Table 1 and the
estimated coefficients from the regressions in Table 2. For the
regressions, a sem-log functional form was used.

In Table 1, the nmeans of the site specific characteristics (bathroons,
living area, fireplaces, etc.) are of particular interest. In conparing
1972 with 1978, we find only snall changes in these neasures. This is
consistent with the assunption of a fixed supply of housing units discussed
above. Unfortunately, data are not available from the 1980 census survey
to conpare the neasures for the neighborhood characteristics. Intuitively,
we expect these attributes to show some changes. Crine rates and schoo
qual ity measures were obtained for the different periods. As suspected, a
decline in the performance scores on standardized achievenent tests is
evidenced by the average scores of school quality. On the other hand
crime rates have remmined remarkably stable. The 1975 total suspended
particulates (TSP) neasure is used to proxy air pollution in 1972 and 1978
As nmore and better air quality data becones available, the estination of
these hedonic prices in different tine periods will be nmobre precise.

The sem -log formis convenient for conmparing estimates fromdifferent
tine periods. This is because the estimated coefficient is interpreted as
the proportion of the house value devoted to the associated attribute. To
see this, consider:

t+l

3(Log P)/3Q. (2)
Let Y = Log P, then
3(Log P)/3Q = 3Y/3P - 3P/3Q. (3)

Fromlogarithmc differentiation the first derivative on the right hand
side of (3) is 1/P. Thus, (2) is (3p/3Q)/P, which is the percentage change
in the price due to a change in Q Being a percentage, the neasure is unit
free; we do not need to consider the role of nominal dollars in housing
markets. However, to actually conpare hedonic prices, neasures for price
indices nust be obtained. Fortunately, these data are available for Los
Angel es County (see bel ow).

The estimated coefficients presented in Table 2 allow for a conparison
of the percentage of home value attributed to each characteristic in 1972
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TABLE 1: MEANS AND STANDARD DEVI ATI ONS | N PARENTHESES
FOR THE VARI ABLES USED IN THE a
HEDONI C EQUATI ONS FOR 1972 AND 1978 DATA.

VARI ABLE 1972 1978
SELLI NG PRICE (100s $) 311. 69 831. 22
(172.76) (565. 50)
SALES DATE 6. 62 5.31
(3.25) (2.82)
AGE OF THE HOME 24.31 27.16
(12.94) (16.92)
NUMBER OF BATHROOMS 1.61. 1.69
(.65) (.72)
SQUARE FEET OF LI VI NG AREA 1422. 85 1437.94
(619.18) (625. 25)
NUMBER OF FI REPLACES .61 . 66
b (.61) (.61)
POOL 12 .13
b (.32) (.34)
VI EW .04 .09
c (.21) (.29
SCHOOL QUALITY 69. 57 60. 80
4 (3.62) (3.59)
DI STANCE TO BEACH 11.50 12.53
e (7.50) (7.68)
CRI ME RATE .05 .05
c (.02) (.02)
HOVE DENSI TY 2273.98 2206. 83
d (706.14) (728.66)
PERCENTAGE OF POPULATI ON BLACK 9.29 5.02
d (24.04) (17.50)
PERCENTAGE OF POPULATI ON OVER 62 11.24 10. 62
o (7.09) (6.90)
EMPLOYMENT LOCATI ON . 018 .018
e (.004) (.004)
TOTAL SUSPENDED PARTI CULATES 106. 63 108. 23
(13.86) (14.13)
a. The sanple sizis for 1972 and 1978 are 4688 and 4571 respectively.
b. Indicates a dunjy variable
¢c. Indicates a comunity specific variable.
d. Indicates a census tract specific varaible.
e. Cal cul at ed- Empl oynent Location is calculated for each census tract

by weighting the distance to eight enploynent centers by the

enpl oyment density. Total suspended particul ates are determ ned

for each census tract by finding the closest nonitoring stations.
The average between the two closest is used unless these fall in the
same direction from the census tract.
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TABLE 2:  ESTI MATED CCEFFI Cl ENTS OF HEDONI C EQUAI TONS FOR

THE 1972 AND 1978 DATA.
'S THE SELLING PRICE IN LOGS.

THE DEPENDENT VARI ABLE

VARI ABLE 1972 1978
SALES DATE . 0044 . 0226
AGE OF THE HOVE . 0049 -. 0025
NUVBER OF BATHROOVS . 1336 . 1024
SQUARE FEET OF LI VING AREA . 0003 . 0004
NUVBER OF FI REPLACES . 092 . 1248
POOL . 1313 - 0944
VI EW . 1348 . 1489
SCHOOL QUALITY . 0081 . 0180
DI STANCE TO BEACH . 0099 -.0169
CRIME RATE . 3053* -. 2342¢
HOVE DENSI TY . 00002 -. 00004
PERCENTAGE OF POPULATI ON BLACK -. 0031 -. 0075
PERCENTAGE OF POPULATI ON OVER 62 . 0029 . 0039
EMPLOYMENT LOCATI ON . 1023 -2, 1254*
TOTAL SUSPENDED PARTI CULATES . 0018 -. 0020
CONSTANT . 9581 5.1958
R- Squar e .80 .79
Nurmber of Cbservations 4688 4571

*
I ndi cates the coefficient is not

significant
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and 1978. W find that the age of the home, nunber of bathroons,

enpl oynent di stance, existence of a pool, and crine rates (although
insignificant) appear to have dimnished in the sense that they are al
closer to zero. The remainder of the coefficients have increased between
1972 and 1978. Moreover, by using a t-test, statistical inferences can be
made concerning these changes.

Focusi ng on the hypothesis of changing preferences for environnmenta
quality, the t-statistic is calculated to conpare the differences (in
absol ute value) between the coefficients for distance to the beach, view,
and TSP (see Table 3). These are of interest because each could be
considered a proxy for environmental quality. For exanple, the sinple
correlation coefficient between beach and TSP is .70 in both years.

Al though the sinple correlation between view and these neasures is slight
(-.05 for TSP and -.07 for beach in 1978), it is likely that consumers
would be willing to trade a view for nore nmiles to the beach or pollution.
Thus, this variable seens inportant to our analysis

In Table 3 the t-statistics are presented along with the results from
the hypothesis tests. The null hypothesis in each case is that the
di fference between the coefficients is zero, while the alternative is that
the difference is positive. The null hypothesis is rejected for the
distance to beach measures but can not be rejected for the other two. It
is possible that the beach coefficient is picking up some of the effects of
the pollution measure, thus, clouding the hypothesis test. This
possibility highlights the inportance of a correct econonetric methodol ogy
for estimating the hedonic equation. In fact, multimarket data may help to
break the correlation because the beach variable may not be as inportant in
other areas of California.

The actual hedonic prices for beach, TSP, and view depend on the
amounts of the other characteristics in the sem-log form To examne the
prices we examined a home sold in June, which is 25 years old, has one and
a half baths, 1425 square feet of living area, a fireplace, and is wi thout
a pool or a view Furthernore, the hone is located in an area where the
school quality nmeasure is 65, the distance to the beach is 12 niles, the
crime rate is .05 the surrounding hone density is 2200 per square mle,
and the percentages of the local populationis 6 (i.e., population that is
bl ack), while the percentage greater than 62 years of age is 10 percent.
The enploynent |ocation paraneter is .018 and TSP measure is 107. For this
hypot hetical home, the predicted hedonic prices for distance to the beach,
TSP, and view are $273/mle, $49.7/PPM and $3720, respectively, in 1972.
VWi le in 1978 the prices are $1410/nmle, $167/PPM and $12421
respectively. In comparing these figures, assume further that the hone is
located in the Pasadena area of L.A County. Then, the housing price
indices, with 1967 equal to 100, are 146 for 1972 and 338 for 1978. A
conparison of the constant dollar figures is presented in Table 4. The
beach price is substantially larger in 1978 while the others are somewhat
cl oser.

These cal cul ations are not conclusive. As stated above, an

appropriate test will require the estimation of demand functions. However,
they are nost interesting since they are not inconsistent with the
hypot hesis of shifting preferences. |In fact, they seem to be supportive.

268



V. CONCLUSI ONS

the hedoni ¢ housing val ue approach

The discussion above indicates that
These

remains a technique with considerable research questions unanswered
include demand curve identifications, changing preferences and others
However, the data sets now being assenbled will enable hypothesis testing
concerning these issues. The result will be an approach to val ue
environmental goods which possesses considerable theoretical and enpirical
justification. Further, its use in validating other valuation approaches

will also be increased substantially.
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TABLE 3: RESULTS OF THE HYPOTHESI S TESTS COVPARI NG
CCEFFI CI ENTS BETWEEN 1972 AND 1978

Coeffi cient t-Statistic Concl usi on
DI STANCE TO BEACH 7.254 Reject the null hypothesis
TSP .42 Fail to reject
VI EW . 158 Fail to reject

The critical value for t is 2.33 at the .01 |evel

TABLE 4:  ESTI MATED HEDONI C PRICES | N CONSTANT 1967 DOLLARS
FOR THE ENVI RONVENTAL QUALITY ATTRI BUTES
(DOLLARS PER UNI'T)

Good 1972 1978
DI STANCE TO BEACH 187 417
TSP 34 50
VI EW 2548 3675
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FOOTNOTES

Evidence of the acceptability of estimated hedonic prices was recently
published in the AER (Brookshire, et al.). In this paper, the authors
used the hedonic prices to test the validity of survey responses.

The existing literature contains several examples of this approach.
See Freeman (1979) for a review

We are also neglecting the possibilities of market segmentation
(Rosen, 1974, p. 40).

These conments are drawn mainly from Mendel sohn (1980).
In this section, we have only considered the theoretical problens in

estimating the demand functions using the hedonic technique. There
are econonetric problems as well (Brown and Rosen, 1982).
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APPENDI X C

SURVEY QUESTI ONNAI RES AND ANSWER SHEETS

BUDGET GAME
URBAN SURVEY: Economic Narrative

We are students at the University of Wonming and are conducting this
survey for a research project designed to help in valuing visibility in
Grand Canyon National Park in the southwestern United States.

The Clean Air Act, passed by Congress in 1970, declared a national
goal of preserving the scenic beauty and pristine air quality of our
national parks and wilderness areas.

Air quality, or the "cleanness" of the air, can be affected by either
natural occurrences (e.g., dust and humdity) or by nan-caused pollution
(such as auto emissions or emissions released by industrial facilities).
Consequently, visibility, which is the ability to see and appreciate
distant objects, activities, scenes or atnospheric phenonena, can be
affected by either natural or man-caused pollution sources resulting in
changes in the color and clarity of near and far distant vistas.

As you can see in these photographs taken at the Grand Canyon, air
pollution can discolor a view to the point where its conponents cannot be
clearly identified and its scenic beauty cannot be fully enjoyed by the
vi ewer [ SHON GRAND CANYON PHOTOGRAPHS: SI TUATI ON A- E]

The phot ographs represent five levels of visibility during norning and
afternoon periods |ooking both east and west from Hopi Point at the Gand
Canyon. Columm A represents poor visibility, B, below average; C, average
visibility; D, above average;, and E, good visibility. Conparing the
colums, we can see the variety of air quality conditions and resulting
levels of visibility that can be observed in the G and Canyon. The rows
represent the different vistas while standing at Hopi Point. The first row
represents the different visibility and air quality conditions |ooking
east, in the norning from Hopi Point. The second row represents norning
conditions looking west from Hopi Point. The third row shows the view from
Hopi Point in the afternoon |ooking west.

PAST AND FUTURE USE

In the first part of our survey, we would like to ask a few questions
about your household' s use of the National Parklands.

1.  How many days have you spent visiting the Gand Canyon National
Park in the last 10 years? Please put an X by the nunber of days on your
answer sheet for question 1.



2. How nany days do you expect to spend visiting the Grand Canyon
National Park in the next 10 years? Please put an X by the nunber of days
on your answer sheet for question 2.

PRESERVATI ON  VALUE ANALYSI S

This part of the survey is designed to determ ne your concern for
preserving visibility levels in Gand Canyon National Park

Al t hough one does not usually find a dollar value placed on scenery,
sunsets or visibility, such things are valuable. Since it does cost noney
to clean up man-made pollution to inprove visibility in our national parks,
we are interested in finding out how nuch good visibility is worth to you

Unl ess new and current industrial facilities in the southwest are
required to meet current emission standards for particulates and sulfur
oxides, air quality in the Gand Canyon will become |ess than the
current average.

3. Would you please indicate the closest estinate of average
monthly income for your household after taxes $

[IF AN INDIVIDUAL CANNOT OR DOES NOT WANT TO REVEAL HI'S MONTHLY | NCOVE,
G VE H M A HYPOTHETI CAL MONTHLY | NCOVE ON MJUTUAL AGREEMENT, AND THEN
CONTI NUE W TH THE SURVEY]

The basic nonthly expenses for nmost households are listed in the
following table. Would you pl ease break down your nonthly incone in the
following categories, trying to be as accurate as possible.

Again, let us |ook at the photographs representing visual air quality
ranging fromvery poor in Colum A to very good in Colum E for east and

west views in the nmorning and afternoon from Hopi Point. If current
em ssion standards are mintained, for new and existing power plants,
average conditions will be as seen in Colum C.  If, however, current

em ssion standards for sulfur oxide are not enforced, then the average air
quality and visibility in the region will becone like Colum B. As a
result, conditions as represented in Colums C, D, and E will occur less
frequently. Conditions in Colums A and B would occur nore frequently in
the Grand Canyon. Such enmission controls will likely nmake electricity nore

expensive

4, We would like to know if you are willing to pay higher electric
utility bills if the extra noney collected woul d be used for air
pol lution controls to preserve current air quality and visibility levels
at the Grand Canyon. Note, we want to find out how nuch preserving
visibility at the Gand Canyon is worth to your household. In other
words, how nuch extra would you be willing to pay at nost, considering
the amount of your expenses in the above-mentioned table, per nonth, as
an increase in your electric utility bill to preserve current average
visibility as represented in Columm C rather than have the average
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deteriorate to that shown in Colum B? Please put an X next to the

hi ghest anount you would be willing to pay per nonth for your househol d
on your answer sheet for question 4. [EMPHASI ZE THEY ARE ANSVERI NG
QUESTI ON 4] .

[ NOTE: IF INDI VIDUAL I'S WLLING TO PAY, PLEASE ASK THE RESPONDENT TO
REARRANGE HI'S EXPENDI TURES TO SHOW WH CH CATEGORY THE BID WLL COME
FROM | F BID COVES FROM "OTHER' CATEGORY, PLEASE ASK RESPONDENT TO BE
MORE SPECI FI C] .
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BUDGET GAME

ANSVER SHEET
Zero Days
1 day 5 days 9 days 13 days
2 days 6 days 10 days | 4 days
3 days 7 days 11 days 15 days
4 days 8 days 12 days More than 15 days
1 day 5 days 9 days 13 days
2 days _____6 days 10 days 14 days
3 days 1 days 11 days 15 days
4 days ____ 8 days 12 days ____Mre than 15 days
$
Househol d Expenses Appr oX. Category Bid
Amount WIl Cone From
Electricity
Shel ter
Entertai nment (vacation, bowing
recreation, Etc.)
Savi ngs
QO her (food, clothing, education,
phone, water, insurance, trans-
portation, Etc.)
TOTAL
Sum shoul d equal monthly incone
4. $ .00 /month $ 5.00__ /nonth $30.00___ /nonth $ 60.00 / mont h
.50 /month $10.00"  /nonth $35.00___ /nonth $ 70.00 / mont h
1.00 /month $15.00 _ /nonth $40.00 ~ /rmonth $ 80.00__ /nonth
2.00 /month $20.00___ /month $45.00___ /nmonth $ 90.00 /m)nth
3.00 /month $25. 00 /m)nth $50.00 _ /nonth $100.00  /nonth
4.00 / mont h “More than $100.00__ ~ /nonth
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Answer only if you answered $.00 any part of the above question.
Did you bid zero because you believe that:

The air quality inprovements represented in the colums are
not significant.

The source of the air pollution should be required to pay the
costs of inproving the air quality.

Q her (specify)

Honme zip code

Rur al Subur ban Ur ban

Education: under 12 years
H gh School
Col I ege-no degree
Bachel or's degree
Post - graduate degree

Age group: under 18
18- 24
25- 34
35-44
45-54
55 and over

Tn
@D

3

@D

Sex: Mal e

How many nenbers are there in your household? ____ Persons.
Are you the primary income earner in your household? __yes __NO

Wul d you please indicate which of the follow ng groups your annua
househol d income falls in:

less than $5,000 _  $25,000-29, 999 $55, 000- 59, 999
__$ 5,000- 7,499 ____$30,000-34,999 —___$60, 000- 64, 999
____$ 7,500- 9,999 $35, 000- 39, 999 ____$65,000- 69, 999
____$10, 000- 14,999 —__$40, 000- 44, 999 $70, 000- 74, 999
—$15,000-19, 999 $45, 000- 49, 000 —__$75,000 and up

$20, 000- 24, 999 $50, 000- 54, 999
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14.

$

10.
20.
30.
40.
50.
60.

70.

Ab

15.

TEAM

Pl ease check the anmount

current

.00 /nonth
00 __ /nonth
00__ /nonth
00___ /nonth
00___ /nonth
00__ /nonth
00 __ /nonth
00 __ /nonth

ove $300. 00

Check if additional

$ 80.00 _ /nonth
$ 90.00 _ /nonth
$100.00 __ /nonth
$110.00 __ /rnonth
$120.00 __ /nonth
$130.00___ /month
$140.00 _ /rnonth

$150.00__ /nonth

___Inonth

bel ow which is closest
monthly electricity bill.

to

$160.00__ /nonth
$170.00 _ /nonth
$180.00 _ /nonth
$190.00 __ /nonth
$200.00___/nonth
$210.00 ___/nonth
$220.00 __/nonth

$230. 00 / mont h

i nformati on was used.

THANK YQU

your average

$240.00 ___/rmonth
$250.00 ___. month
$260.00 __/nonth
$270.00 ___/nonth
$280.00 ___/nonth
$290.00 __/nonth

$300.00 ___/nonth
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BASE PLUS MAX WIP PLUS DENVER
URBAN SURVEY: Econonmic Narrative

We are students at the University of Womnming and are conducting this
survey for a research project designed to help in valuing visibility in
G and Canyon National Park in the southwestern United States.

The Clean Air Act, passed by Congress in 1970, declared a national
goal of preserving the scenic beauty and pristine air quality of our
national parks and w | derness areas.

Air quality, or the "cleanness" of the air, can be affected by either
natural occurrences (e.g., dust and humdity) or by man-caused pollution
(such as auto emissions or emssions released by industrial facilities).
Consequently, visibility, whichis the ability to see and appreciate
distant objects, activities, scenes or atnospheric phenonena, can be
affected by either natural or man-caused pollution sources resulting in
changes in the color and clarity of near and far distant vistas.

As you can see in these photographs taken at the Grand Canyon, air
pol lution can discolor a viewto the point where its conponents cannot be
clearly identified and its scenic beauty cannot be fully enjoyed by the
vi ewer [ SHOW GRAND CANYON PHOTOGRAPHS: SITUATION A-E]

The phot ographs represent five levels of visibility during norning and
afternoon periods |ooking both east and west from Hopi Point at the Gand
Canyon. Columm A represents poor visibility, B, bel ow average; C, average
visibility; D, above average; and E, good visibility. Conparing the
colums, we can see the variety of air quality conditions and resulting
levels of visibility that can be observed in the Gand Canyon. The rows
represent the different vistas while standing at Hopi Point. The first row
represents the different visibility and air quality conditions |ooking
east, in the nmorning from Hopi Point. The second row represents norning
conditions |ooking west from Hopi Point. The third row shows the view from
Hopi Point in the afternoon |ooking west.

PAST AND FUTURE USE

In the first part of our survey, we would like to ask a few questions
about your household's use of the National Parklands.

1.  How many days have you spent visiting the Gand Canyon Nati onal
Park in the last 10 years? Please put an X by the nunber of days on your
answer sheet for question 1.

2. How nmany days do you expect to spend visiting the Gand Canyon
National Park in the next 10 years? Please put an X by the nunber of days
on your answer sheet for question 2.

PRESERVATI ON  VALUE ANALYSI S

This part of the survey is designed to deternine your concern for
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preserving visibility levels in Gand Canyon National Park.

Al though one does not usually find a dollar value placed on scenery,
sunsets or visibility, such things are valuable. Since it does cost nobney
to clean up nman-made pollution to inprove visibility in our national parks,
we are interested in finding out how much good visibility is worth to you.

Unl ess new and current industrial facilities in the southwest are
required to meet current emission standards for particulates and sul fur
oxides, air quality in the Gand Canyon will become |ess than the
current average.

Again, let us look at the photographs representing visual air quality
ranging from very poor in Colum A to very good in Colum E for east and

west views in the norning and afternoon from Hopi Point. If current
em ssion standards are maintained, for new and existing power plants,
average conditions will be as seen in Colum C. If, however, current

em ssion standards for sulfur oxide are not enforced, then the average air
quality and visibility in the region will becone |like Colum B. As a
result, conditions as represented in Colums C, D, and E will occur |ess
frequently. Conditions in Colums A and B would occur nore frequently in
the Grand Canyon. Such emission controls will likely nmake electricity nore

expensi ve.

3. W would like to know if you are willing to pay higher electric
utility bills if the extra money collected would be used for air pollution
controls to preserve current air quality and visibility levels at the Gand
Canyon. Note, we want to find out how nuch preserving visibility at the

G and Canyon is worth to your household. In other words, how nmuch extra
would you be willing to pay, at nost, per nmobnth as an increase in your
electric utility bill to preserve current average visibility as represented

in Colum C rather than have the average deteriorate to that shown in
Colum B? Please put an X next to the highest amount you would be wlling
to pay per nonth for your household on your answer sheet for question 3.

[ EMPHASI ZE THEY ARE ANSVERI NG QUESTION 3].

4. Now suppose that with all households paying $ per
month, this anpunt of money would be insufficient to allow for the
preservation of visibility level C at the G and Canyon. Wuld you be
willing to pay ($ plus $1.00)? [CONTINUE BI DDl NG PROCESS
TO MAXI MUM W LLI NGNESS TO PAY].

5. Way did you bid zero?

6. Preserving air quality is also of concern in Denver and other
urban areas. Suppose that soneone just like me could ask you tonmorrow how
mich you would be willing to pay to see air quality preserved in Denver.
Wuld you still be willing to pay the $ you indicated for the
Gand Canyon?

7. If no please indicate nmaximum willingness to pay for the Gand
Canyon.
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BASE + MATP + DENVER

ANSVER SHEET

1. 1 day 5 days 9 days 13 days

2 days 6 days 10 days 14 days

3 days 7 days 11 days 15 days

4 days 8 days 12 days Mre than 15 days
2. 1 day 5 days 9 days 13 days

2 days 6 days 10 days 14 days

3 days 7 days 11 days 15 days

4 days 8 days 12 days More than 15 days
3. $ 4. % . .

Grand Canyon Maxi mum Bi d

5. Answer only if you answered $.00 to question 3 above. Did you bid
zero because you believe that:

The air quality inprovenents represented in the colums are
not significant.

The source of the air pollution should be required to pay the
costs of inproving the air quality.

Qt her (specify)

6. ; 1f no please answer question 7
yes no

G and Canyon

8. Home zip code

9, Rur al Subur ban Ur ban

10.  Education: under 12 years
H gh School
Col | ege-no degree
Bachel or's degree
Post - graduate degree
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11.  Age group: under 18

18- 24
25-34
35-44
45-54
55 and over
12.  Sex: Mal e Fenal e
13. How nmny nenbers are there in your househol d? persons.
14, Are you the primary incone earner in your household?  yes _ no
15.  Would you please indicate which of the followi ng groups your annual
househol d incone falls in:
__ less than $5,000 $25, 000- 29, 999 ____$55,000-59, 999
$ 5,000- 7,499 $30, 000- 34, 999 $60, 000- 64, 999
$ 7,500- 9,999 $35, 000- 39, 999 $65, 000- 69, 999
$10, 000- 14, 999 $40, 000- 44, 999 $70, 000- 74, 999
$15, 000- 19, 999 $45, 000- 49, 000 $75, 000 and up
%20, 000-24,999 $50, 000- 54, 999
16. Please check the anount below which is closest to your average
current nonthly electricity bill.
$ .00___/nonth $80.00 /nonth $160.00__ /nonth $240.00__ /nonth
10.00__ /month $ 90.00 _ /month $170.00__ /nonth $250.00__ . nonth
20.00__ /nonth $100.00 __ /nonth $180.00 _ /nmonth $260.00__ /month
30.00__ /nmonth $110.00 _ /nonth $190.00__ /month $270.00 __ /nonth
40.00__ /month $120.00 _ /month $200.00 _ /month  $280.00 _ /nonth
50.00__ /month  $130.00 _ /nonth $210.00 _ /nonth $290.00 _ /nonth
60.00__ /nonth $140.00 _ /rmonth $220.00 __ /nonth $300.00___ /nonth
70.00__ /month $150.00__ /month  $230.00__ /nonth

Above $300.00__ /month —

17.

TEAM

Check if additional

i nformati on was used.

THANK YQU
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BUDGET CONSTRAI NT PLUS MAXI MUM WIP
URBAN SURVEY: Economic Narrative

We are students at the University of Woning and are conducting this
survey for a research project designed to help in valuing visibility in
G and Canyon National Park in the southwestern United States.

The Clean Air Act, passed by Congress in 1970, declared a national
goal of preserving the scenic beauty and pristine air quality of our
nati onal parks and w | derness areas.

Air quality, or the "cleanness" of the air, can be affected by either
natural occurrences (e.g., dust and humdity) or by man-caused pollution
(such as auto emissions or emssions released by industrial facilities).
Consequently, visibility, which is the ability to see and appreciate
distant objects, activities, scenes or atnobspheric phenonena, can be
affected by either natural or man-caused pollution sources resulting in
changes in the color and clarity of near and far distant vistas.

As you can see in these photographs taken at the Gand Canyon, air
pollution can discolor a view to the point where its conponents cannot be
clearly identified and its scenic beauty cannot be fully enjoyed by the
vi ewer [ SHOW GRAND CANYON PHOTOGRAPHS: SI TUATION A- E]

The phot ographs represent five levels of visibility during norning and
afternoon periods |ooking both east and west from Hopi Point at the Gand
Canyon. Columm A represents poor visibility, B, below average;, C, average
visibility; D, above average; and E, good visibility. Conparing the
colums, we can see the variety of air quality conditions and resulting
levels of visibility that can be observed in the Grand Canyon. The rows
represent the different vistas while standing at Hopi Point. The first row
represents the different visibility and air quality conditions |ooking
east, in the nmorning from Hopi Point. The second row represents norning
conditions looking west from Hopi Point. The third row shows the view from
Hopi Point in the afternoon |ooking west.

PAST AND FUTURE USE

In the first part of our survey, we would like to ask a few questions
about your household's use of the National Parklands.

1.  How many days have you spent visiting the Gand Canyon National
Park in the last 10 years? Please put an X by the nunber of days on your
answer sheet for question 1.

2.  How many days do you expect to spend visiting the Grand Canyon
National Park in the next 10 years? Please put an X by the nunber of days
on your answer sheet for question 2.

PRESERVATI ON VALUE ANALYSI S

This part of the survey is designed to deternmine your concern for
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preserving visibility levels in Gand Canyon National Park.

Al though one does not usually find a dollar value placed on scenery,
sunsets or visibility, such things are valuable. Since it does
cost nmoney to clean up nan-nade pollution to inprove visibility in our
nati onal parks, we are interested in finding out how rmuch good visibility
is worth to you.

Unl ess new and current industrial facilities in the southwest are
required to meet current emnmission standards for particulates and sul fur
oxides, air quality in the Gand Canyon will becone less than the
current average.

3. Wuld you please indicate the closest estimate of average
monthly income for your household after taxes $

The-basic nonthly expenses for nost households are listed in the
following table. Wuld you please break down your nonthly income in the
following categories, trying to be as accurate as possible.

Again, let us |ook at the photographs representing visual air quality
ranging from very poor in Colum A to very good in Colum E for east and

west views in the nmorning and afternoon from Hopi Point. If current
em ssion standards are nmintained, for new and existing power plants,
average conditions will be as seen in Colum C. [f, however, current

em ssion standards for sulfur oxide are not enforced, then the average air
quality and visibility in the region will become like Colum B. As a
result, conditions as represented in Colums C, D, and E will occur |ess
frequently. Conditions in Colums A and B would occur nore frequently in
the Grand Canyon. Such enission controls will likely make electricity nore

expensi ve.

4, We would like to know if you are willing to pay higher electric
utility bills if the extra noney collected woul d be used for air
pol lution controls to preserve current air quality and visibility levels
at the Grand Canyon. Note, we want to find out how nuch preserving
visibility at the Gand Canyon is worth to your household. In other
wor ds, how rmuch extra would you be willing to pay at nost, considering
the amount of your expenses in the above-nentioned table, per nonth, as
an increase in your electric utility bill to preserve current average
visibility as represented in Colum C rather than have the average
deteriorate to that shown in Colum B? Please put an X next to the
hi ghest anount you would be willing to pay per nonth for your household
on your answer sheet for question 4. [ EMPHASI ZE THEY ARE ANSVERI NG
QUESTI ON 4] .

[NOTE:  |F INDIVIDUAL 1S WLLING TO PAY, PLEASE ASK THE RESPONDENT TO
REARRANGE H' S EXPENDI TURES TO SHOW WWHI CH CATEGORY THE BI D WLL COME
FROM |F BI D COMES FROM "OTHER' CATEGORY, PLEASE ASK RESPONDENT TO BE
MORE SPECI FI (] .
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5. Now suppose that all households are paying $ per month. This
anmount woul d be insufficient to allow for preservation of visibility |evel
"C' at the Grand Canyon. Would you be willing to pay $ pl us
$1. 00? [ CONTI NUE BI DDI NG PROCESS UNTI L MAXI MUM WIP]
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BUDGET CONSTRAINT PLUS MAXI MUM WP

ANSVER SHEET
1. zero days
1 day 5 days 9 days
2 days 6 days 10 days
3 days 7 days 11 days
4 days 8 days 12 days
2. 1 day 5 days 9 days
2 days 6 days 10 days
3 days 7 days 11 days
4 days 8 days 12 days
3.
Monthly | ncome
MONTHLY

4. $

HOUSEHOLD EXPENSES

13 days

Mo

Mo

Housi ng

Food

Recreati on/
Ent er t ai nnent

Transportation

Savi ngs

O her

[nitial

Bi d

Maxi mum Bi d
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14 days
15 days

re than 15 days

13 days
14 days
15 days

re than 15 days



10.

11.

12.

13.

Answer only if you answered $.00 to question 3 above. Did you bid
zero because you believe that:

The air quality inprovenents represented in the colums are
not significant.

The source of the air pollution should be required to pay the

costs of inproving the air quality.

Ot her (specify)

Home zip code

Rur al Subur ban Ur ban

Education: under 12 years
H gh School
Col | ege-no degree
Bachel or's degree
Post - graduate degree

Age group: under 18
18- 24
25- 34
35-44
45-54
55 and over

Sex: Wl e Fenal e
How many menbers are there in your househol d? persons.
Are you the primary income earner in your househol d? yes no

286



14, Pl ease check the anpunt
monthly electricity bill.

current

$ .00___/nmonth $ 80.00__ /nonth

10.00 __ /nonth
20.00 ___/nonth
30.00__/nonth
40.00 _/ronth
50.00 __/nronth
60.00 ___/nonth

70.00__/nonth

$ 90.00 __ /nonth
$100.00 __ /nonth
$110.00__ /nonth
$120.00___/nonth
$130.00__ /nonth
$140.00 __ /nonth

$150.00 ___/month

Above $300.00__ /rmonth

15. Check if additional

TEAM

i nformation

bel ow which is closest to

/ mont h

$160. 00
$170.00___/nonth

[/ mont h

$180. 00

[/ mont h

$190. 00
$200.00___/nonth
$210.00___/nonth
$220.00__/nonth

$230.00 ___/nmonth

was used.

THANK YCQU

your average

$240.00 ___/month
$250.00 . nmonth
$260.00___/nonth
$270.00___/nonth
$280.00___ /nonth
$290. 00 ___ /nonth

$300.00___/nonth

287



SOPG PLUS MAX WIP PLUS OTHER NATI ONAL PARKS
URBAN SURVEY: Econom c Narrative

We are students at the University of Woning and are conducting this
survey for a research project designed to help in valuing visibility in
Gand Canyon National Park in the southwestern United States.

The Clean Air Act, passed by Congress in 1970, declared a national
goal of preserving the scenic beauty and pristine air quality of our
national parks and wilderness areas.

Air quality, or the "cleanness" of the air, can be affected by either
natural occurrences (e.g., dust and humidity) or by man-caused pollution
(such as auto emissions or emssions released by industrial facilities).
Consequently, visibility, which is the ability to see and appreciate
distant objects, activities, scenes or atmospheric phenonena, can be
affected by either natural or man-caused pollution sources resulting in
changes in the color and clarity of near and far distant vistas.

As you can see in these photographs taken at the Gand Canyon, air
pollution can discolor a view to the point where its conmponents cannot be
clearly identified and its scenic beauty cannot be fully enjoyed by the
vi ewer [ SHOW GRAND CANYON PHOTOGRAPHS: SI TUATION A- E]

The photographs represent five levels of air quality conditions from
very poor (A) to very good (E). The rows represent norning conditions for
the Grand Canyon, Mesa Verde and Zion National Parks. Row 1 |ooks out from
Hopi Point towards the east in the norning at the Grand Canyon. Row 2
represents the vista from Mesa Verde at Far View overlook towards the south
inthe morning. Finally, Row 3 is at Lava Point in Zion National Park
| ooki ng southeast in the norning.

PAST AND FUTURE USE

In the first part of our survey, we would like to ask a few questions
about your household's use of the National Parklands.

1. How many days have you spent visiting the Gand Canyon National
Park in the last 10 years? Please put an X by the nunber of days on your
answer sheet for question 1.

2. How many days do you expect to spend visiting the Grand Canyon
National Park in the next 10 years? Please put an X by the nunber of days
on your answer sheet for question 2.

3. How many days have you spent visiting National Parks in the
sout hwest (Arizona, Utah, New Mexico, and Colorado) in the last 10 years?
Pl ease circle the number of days by each National Park on your answer sheet
for question 3.
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4.  How many days for each National Park do you expect to visit in the
next 10 years? Please circle the nunber of days by each National Park on
your answer sheet for question 4.

PRESERVATI ON VALUE ANALYSI S

This part of the survey is designed to determine your concern for
preserving visibility levels in Grand Canyon National Park.

Al though one does not usually find a dollar value placed on scenery,
sunsets or visibility, such things are valuable. Since it does cost noney
to clean up man-made pollution to inprove visibility in our national parks,
we are interested in finding out how much good visibility is worth to you.

Unl ess new and current industrial facilities in the southwest are
required to meet current emission standards for particulates and sul fur
oxides, air quality in the Gand Canyon will becone less than the
current average.

Again, let us look at the photographs representing visual air quality
ranging from very poor in Colum A to very good in Colum E for east and

west views in the morning and afternoon from Hopi Point. |If current
em ssion standards are maintained, for new and existing power plants,
average conditions will be as seen in Colum C. If, however, current

em ssion standards for sulfur oxide are not enforced, then the average air
quality and visibility in the region will becorme like Colum B. As a
result, conditions as represented in Colums C, D, and E will occur |ess
frequently. Conditions in Colums A and B would occur nore frequently in
the Grand Canyon. Such enmission controls will likely nmake electricity nore

expensi ve.

5. We would like to know if you are willing to pay higher electric
utility bills if the extra noney collected woul d be used for air pollution
controls to preserve current air quality and visibility levels at the Gand
Canyon. Note, we want to find out how rmuch preserving visibility at the

Grand Canyon is worth to your household. In other words, how nuch extra
woul d you be willing to pay, at nost, per nonth as an increase in your
electric utility bill to preserve current average visibility as represented

in Colum C rather than have the average deteriorate to that shown in
Colum B? Please put an X next to the highest ambunt you would be willing
to pay per nonth for your household on your answer sheet for question 3.
[ EMPHASI ZE THEY ARE ANSVERI NG QUESTI ON 5].

6. Now suppose that with all households paying $ (Grand
Canyon) and $ (Regional) per month, this amount of noney
woul d be insufficient to allow for the preservation of visibility level C
at the Gand Canyon. Wuld you be willing to pay $ pl us
$1.00 (Grand Canyon) and $ plus $1.00 (Regional)?

[ CONTI NUE BI DDI NG PROCESS TO MAXI MUM W LLI NGNESS TO PAY] .
[IF THE BID FOR QUESTION 6 IS ZERO THEN SKIP THE FOLLON NG TWO QUESTI ONS
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8. Preserving air quality is also of concern in other National Parks
such as Yosenite, Yellowstone, the Petrified Forest, M. MKinley and
others (NOTE: There are 77 other National Parks with 36 threatened by

visibility deterioration). Suppose that someone just like me could ask you
tonorrow how nuch you would be willing to pay to see air quality preserved
in all these areas, would you still be willing to pay the $

(Gand Canyon) and $ (Regional) you indicated for the

Grand Canyon and other Parklands?

9. If no please indicate maximum wllingness to pay for both the
Grand Canyon and the other Parklands.
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SOPG + MAMP + OTHER NATI ONAL PARKS

ANSVER SHEET
1 day 5 days 9 days 13 days
2 days 6 days 10 days 14 days
3 days 7 days 11 days 15 days
4 days 8 days 12 days Mre than, 15 days
1 day 5 days 9 days 13 days
2 days 6 days 10 days 14 days
3 days 7 days 11 days 15 days
4 days 8 days 12 days More than 15 days
Zion Nat. Park 123456789 10 11 12 13 14 15 +15
Mesa Verde Nat. Park 123456789 10 11 12 13 14 15 +15
Bryce Canyon Nat. Park 1 23 4 56 7 8 9 10 11 12 13 14 15 +15
Canyonl ands Nat. Park 123456789 10 11 12 13 14 15 +15
Zion Nat. Park 123456789 10 11 12 13 14 15 +15
Mesa Verde Nat. Park 123456789 10 11 12 13 14 15 +15
Bryce Canyon Nat. Park 123 456 78 9 10 11 12 13 14 15 +15
Canyonl ands Nat. Park 123456789 10 11 12 13 14 15 +15
$ $
G and Canyon Regi onal
$ $
G and Canyon Regi onal
(Max Bit) (Max Bi d)

Answer only if you answered $.00 to question 3 above. Did you bid
zero because you believe that:

The air quality inprovenents represented in the colums are
not significant.

The source of the air pollution should be required to pay the
costs of inproving the air quality.

O her (specify)

; if no please answer question 9.

yes no

$ (new bi ds)
G and Canyon Regi onal
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Honme zip code

15.

16.

17.

Rur al Subur ban Ur ban
Education: under 12 years
H gh School
Col I ege-no degree
Bachel or's degree
Post - graduat e degree
Age group: under 18
18- 24
25-34
35-44
45- 54
55 and over
Sex: Mal e Fenal e
How many menbers are there in your househol d? persons.
Are you the prinmary inconme earner in your household?  vyes no

Wul d you please indicate which of the follow ng groups your annual
househol d incone falls in:

$25, 000- 29, 999
$30, 000- 34, 999
$35, 000- 39, 999
$40, 000- 44, 999
$45, 000- 49, 000
$50, 000- 54, 999

$55, 000- 59, 999
$60, 000- 64, 999
$65, 000- 69, 999
$70, 000- 74, 999
$75, 000 and up

| ess than $5, 000
$ 5,000- 7,499
$ 7,500- 9,999
$10, 000- 14, 999
$15, 000- 19, 999
$20, 000- 24, 999

Pl ease check the amount below which is closest to your average

current nonthly electricity bill.

.00 /nonth $ 80.00 _ /nmonth S160.00__ /nmonth $240.00__ /nonth
10.00___/nonth $ 90.00 __ /nonth $170.00 _ /nonth $250.00__ .nonth
20.00__ /nonth $100.00 /nonth $180.00__ /nonth $260.00__ /nonth
30.00__ /nmonth $110.00 /nonth $190.00__ /nonth $270.00__ /nonth
40.00__ /nonth $120.00  /nonth $200.00_ _ /nonth $280.00__ /month
50.00__ /nonth $130.00  /nonth $210.00__ /nonth $290.00 __ /nonth
60.00__ /month  $140.00  /nonth $220.00__ /nonth $300.00__ /nonth
70.00__ /month $150.00  /nonth $230.00 _ /nonth

Above $300.00 _ /nonth —
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19. Check if additional information was used.

THANK YCQU

TEAM
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BUDGET CONSTRAI NT PLUS SOPC PLUS MAX WIP
PLUS COTHER NATI ONAL PARKS
URBAN SURVEY: Economic Narrative

We are students at the University of Woning and are conducting this
survey for a research project designed to help in valuing visibility in
Grand Canyon National Park in the southwestern United States.

The Clean Air Act, passed by Congress in 1970, declared a national
goal of preserving the scenic beauty and pristine air quality of our
nati onal parks and wilderness areas.

Air quality, or the "cleanness" of the air, can be affected by either
natural occurrences (e.g., dust and humdity) or by man-caused pollution
(such as auto enissions or enissions released by industrial facilities).
Consequently, visibility, which is the ability to see and appreciate
distant objects, activities, scenes or atnospheric phenonena, can be
affected by either natural or man-caused pollution sources resulting in
changes in the color and clarity of near and far distant vistas.

As you can see in these photographs taken at Zion, Mesa Verde, and,
the Grand Canyon, air pollution can discolor a view to the point where its
conponents cannot be clearly identified and its scenic beauty cannot be
fully enjoyed by the viewer [SHOW GRAND CANYON PHOTOGRAPHS: SI TUATION A-E]

The phot ographs represent five levels of air quality conditions from
very poor (A) to very good (E). The rows represent norning conditions for
the Grand Canyon, Mesa Verde and Zion National Parks. Row 1 | ooks out from
Hopi Point towards the east in the norning at the Gand Canyon. Row 2
represents the vista from Mesa Verde at Far View overl ook towards the south
inthe nmorning. Finally, Row 3 is at Lava Point in Zion National Park
| ooki ng southeast in the norning.

PAST AND FUTURE USE

In the first part of our survey, we would like to ask a few questions
about your household's use of the National Parklands.

1.  How many days have you spent visiting the Gand Canyon Nati onal
Park in the last 10 years? Please put an X by the nunber of days on your
answer sheet for question 1.

2. How many days do you expect to spend visiting the Grand Canyon
National Park in the next 10 years? Please put an X by the nunber of days
on your answer sheet for question 2.

3. How many days have you spent visiting National Parks in the
sout hwest (Arizona, Utah, New Mexico, and Colorado) in the last 10 years?
Pl ease circle the nunber of days by each National Park on your answer sheet
for question 3.
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4,  How nmany days for each National Park do you expect to visit in the
next 10 years? Please circle the nunber of days by each National Park on
your answer sheet for question 4.

PRESERVATI ON VALUE ANALYSI S

This part of the survey is designed to determine your concern for
preserving visibility levels in Gand Canyon National Park.

Al though one does not usually find a dollar value placed on scenery,
sunsets or visibility, such things are valuable. Since it does cost noney
to clean up man-made pollution to inprove visibility in our national parks,
we are interested in finding out how nuch good visibility is worth to you.

Unl ess new and current industrial facilities in the southwest are
required to meet current emnmission standards for particulates and sul fur
oxides, air quality in the Gand Canyon will becone less than the
current average.

5. Whuld you please indicate the closest estinmate of average
monthly income for your household after taxes $ .

The basic monthly expenses for npbst households are listed in the
following table. Wuld you please break down your nonthly incone into
the following categories, trying to be as accurate as possible.

Again, let us |ook at the photographs representing visual air quality
ranging from very poor in Colum A to very good in Colum E for Gand
Canyon, Mesa Verde and Zion national Parks.

If current enmission standards are mmintained, for new and existing
power plants, average conditions will be as seen in Columm C. If, however,
current em ssion standards for sul fur oxide are not enforced,
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Mont hl'y
HCOUSEHOLD EXPENSES

HOUSI NG UTI LI TI ES

FOCD

RECREATI ON/
ENTERTAI NVENT

TRANSPORTATI ON

SAVI NGS

OTHER

TOTAL | NCOVE:
After Taxes
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then the average air quality and visibility in the region will be

represented as in Colum B. As a result, conditions as represented in
Colums C, D, and E will occur less frequently, and conditions in Colums A
and B will occur nore frequently. W would |ike to know how nuch the

mai nt enance of average regional visibility is worth to you.

6. We would like to know if you are willing to pay higher electric
utility bills if the extra noney collected woul d be used for air pollution
controls to preserve current air quality and visibility levels at the Gand
Canyon and other Parklands. Note, we want to find out how nmuch preserving
visibility at the Gand Canyon and ot her Parklands is worth to your

househol d. In other words, how nuch extra would you be willing to pay, at
most, considering the amobunt of your expenses in the above-nentioned table,
per nmonth as an increase in your electric utility bill to preserve current

average visibility as represented in Colum C rather than have the average
deteriorate to that shown in Colum B? Please put an X next to the highest
anount you would be willing to pay per nmonth for your household on your
answer sheet for question 6. [EMPHASIZE THEY ARE ANSVERI NG QUESTION 6] .

7. Now suppose that with all households paying $ (Gand
Canyon) and $ (Regional) per nonth, this anount of noney
woul d be insufficient to allow for the preservation of visibility level C
at the Gand Canyon. Would you be willing to pay $ pl us
$1.00 (G and Canyon) and $ plus $1.00 (Regional)?

[ CONTI NUE BI DDI NG PROCESS TO MAXI MUM W LLI NGNESS TO PAY] .

[IF THE BID FOR QUESTION 7 IS ZERO THEN SKIP THE FOLLOW NG TWO
QUESTI ONS]

9. Preserving air quality is also of concern in other National Parks
such as Yosemte, Yellowstone, the Petrified Forest, M. MKinley and
others (NOTE: There are 77 other National Parks with 36 threatened by
visibility deterioration). Suppose that soneone just like me could ask you
tomorrow how much you would be willing to pay to see air quality preserved
in all these areas, would you still be willing to pay the $
(Grand Canyon) and $ (Regional) you indicated for the
Grand Canyon and other Parkl ands?

10.  If no please indicate maximum wllingness to pay for both the
Grand Canyon and the other Parklands.
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BUDGET CONSTRAINT + SOPG + MAXI MUM WIP + ONP

ANSVER SHEET
1 day 5 days 9 days
2 days 6 days 10 days
3 days 7 days 11 days
4 days 8 days 12 days
1 day 5 days 9 days
2 days 6 days 10 days
3 days 7 days 11 days
4 days 8 days 12 days
Zion Nat. Park 12345678
Mesa Verde Nat. Park 12345678
Bryce Canyon Nat. Park 1 2 3 45 6 7 8
Canyonlands Nat. Park 1 2 3 45 6 7 8
Zion Nat. Park 12345678
Mesa Verde Nat. Park 12345678
Bryce Canyon Nat. Park 12 3 456 7 8
Canyonl ands Nat. Park 12345678
$
Monthly I ncome
MONTHLY

HOUSEHOLD EXPENSES

O O O O

O © oo

10
10
10
10

10

10
10

13 days

Mo

12
12
12
12

12
12
12
12

14 days
15 days

re than 15 days

13
13
13
13

13
13
13
13

HOUSI NG UTI LI TI ES

FOOD

RECREATI ON/
ENTERTAI NVENT

TRANSPORTATI ON

SAVI NGS

OTHER

TOTAL | NCOVE
After Taxes
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13 days
14 days
15 days
More than 15 da

14
14
14
14

14
14
14
14

15
15
15
15

15
15
15
15

+15
+15
+15
+15

+15
+15
+15
+15
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G and Canyon Regi onal

7. $ $ .
G and Canyon Regi onal
(Max Bid) (Max Bid)

8. Answer only if you answered $.00 to question 3 above. Did you bid
zero because you believe that:

The air quality inmprovements represented in the colums are
not significant.

The source of the air pollution should be required to pay the
costs of inproving the air quality.

Q her (specify)

9. ; 1f no please answer question 9.
yes no
10. $ $ (new bi ds)
G and Canyon Regi onal
11.  Home zip code
12. Rur al Subur ban Ur ban
13.  Education: under 12 years
H gh School
Col | ege-no degree
Bachel or's degree
Post - graduate degree
14. Age group: under 18
18- 24
25-34
35-44
45-54
55 and over
15, Sex: Mal e Fenal e
16. How nany menbers are there in your househol d? persons.
17. Are you the primary income earner in your household? __ yes no
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18.

$

Pl ease check the anpunt

current

.00___/nonth

10.00___ /nonth

20.00__ /nonth
30.00__ /nonth
40.00___ /nonth
50.00__ /nonth
60.00___/nmonth

70.00__ /nonth

Above $300. 00

19.

TEAM

Check if

addi ti onal

$ 80.00__ /nonth
$ 90.00__ /nonth
$100.00_ /nonth
$110.00___ /nonth
$120.00 ___ /nonth
$130.00__ /nonth
$140.00 ___ /nonth
$150.00___ /nonth
/ mont h

i nformation

bel ow which is closest
monthly electricity bill.

to

$160.00 _ /nonth
$170.00 ___/nonth
$180.00__/nonth
$190.00 _ /nonth
$200.00 _ /month
$210.00____/nonth
$220.00 __/nonth

$230.00 __ /nonth

was used.

THANK YQU

your

$240.
$250.
$260.
$270.
$280.
$290.

$300.

aver age
00 /nonth
00 .nonth
00 __ /nonth
00 /nonth
00 _ /nonth
00 _ /nonth
00 __ /nonth

300



COVPONENT VALUES STUDY
URBAN SURVEY: Econonmic Narrative

We are students at the University of Woning and are conducting this
survey for a research project designed to help in valuing visibility in
Gand Canyon National Park in the southwestern United States.

The Clean Air Act, passed by Congress in 1970, declared a national
goal of preserving the scenic beauty and pristine air quality of our
nati onal parks and wil derness areas.

Air quality, or the "cleanness" of the air, can be affected by either
natural occurrences (e.g., dust and humdity) or by man-caused pollution
(such as auto emissions or enissions released by industrial facilities).
Consequently, visibility, which is the ability to see and appreciate
distant objects, activities, scenes or atnospheric phenonena, can be
affected by either natural or man-caused pollution sources resulting in
changes in the color and clarity of near and far distant vistas.

As you can see in these photographs taken at the Gand Canyon, air
pollution can discolor a view to the point where its conponents cannot be
clearly identified and its scenic beauty cannot be fully enjoyed by the
vi ewer [ SHOW GRAND CANYON PHOTOGRAPHS: SI TUATION A- E]

The phot ographs represent five levels of visibility during norning and
afternoon periods |ooking both east and west from Hopi Point at the Gand
Canyon. Columm A represents poor visibility, B, below average; C, average
visibility; D, above average; and E, good visibility. Conparing the
colums, we can see the variety of air quality conditions and resulting
levels of visibility that can be observed in the Grand Canyon. The rows
represent the different vistas while standing at Hopi Point. The first row
represents the different visibility and air quality conditions | ooking
east, in the norning from Hopi Point. The second row represents norning
conditions |ooking west from Hopi Point. The third row shows the view from
Hopi Point in the afternoon |ooking west.

PAST AND FUTURE USE

In the first part of our survey, we would like to ask a few questions
about your household's use of the National Parklands.

1. How nmany days have you spent visiting the Gand Canyon National
Park in the last 10 years? Please put an X by the nunber of days on your
answer sheet for question 1.

2.  How nmany days do you expect to spend visiting the Gand Canyon

National Park in the next 10 years? Please put an X by the nunber of days
on your answer sheet for question 2.
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PRESERVATI ON VALUE ANALYSI S
-Gand Canyon-

This part of the survey is designed to determine your concern for
preserving visibility levels in Gand Canyon National Park.

Al though one does not usually find a dollar value placed on scenery,
sunsets or visibility, such things are valuable. Since it does cost noney
to clean up man-nmade pollution to inprove visibility in our national parks,
we are interested in finding out how much good visibility is worth to you.

Unl ess new and current industrial facilities in the southwest are
required to meet current emission standards for particulates and sul fur
oxides, air quality in the Gand Canyon wll become less than the
current average.

Again, let us look at the photographs representing visual air quality
ranging from very poor in Colum A to very good in Colum E for east and
west views in the norning and afternoon from Hopi Point. If current
em ssion standards are nmmintained, for new and existing power plants,
average conditions will be as seen in Colum C. |f, however, current
em ssion standards for sulfur oxide are not enforced, then the average air
quality and visibility in the region will become like Colum B. As a
result, conditions as represented in Colums C, D, and E will occur |ess
frequently. Conditions in Colums A and B would occur nore frequently in
the Grand Canyon. As new power plants are built, such emnission-controls to
preserve condition "C' will nake electricity nobre expensive.

3. W would like to know if you are willing to pay higher electric
utility bills if the extra noney collected woul d be used for air pollution
controls to preserve current air quality and visibility levels at the Grand
Canyon. Note, we want to find out how nuch preserving visibility at the

Gand Canyon is worth to your household. In other words, how much extra
woul d you be willing to pay, at nost, per nonth as an increase in your
electric utility bill to preserve current average visibility as represented

in Colum C rather than have the average deteriorate to that shown in
Colum B? Please put an X next to the highest amount you would be willing
to pay per nonth for your household on your answer sheet for question 3.

[ EMPHASI ZE THEY ARE ANSVERI NG QUESTI ON 3].

[IF ZERO BID, SKIP TO QUESTION 6, AND THEN TO THE SOCI OECONOM CS QUESTI ONS]
COVPONENT VALUES ANALYSI S

You have indicated that you would be willing to pay
$ /month to preserve the "C' level of air quality at the Gand
Canyon. This section of the survey is designed to "break down" this dollar
anount (or preservation value) into the several reasons why you m ght be
willing to preserve "C' level air quality.

[IF I NDIVIDUAL HAS | NDI CATED NON-USE, PROCEED TO PART I1]

302



4. User Analysis.

a. The first reason you might be willing to pay for preservation
is Actual User Value. That is, when you actually visit the Gand Canyon,
you woul d rather have air quality at "C' rather than at "B'. Category a,
then, deals with actual use and is called Actual Use Val ue.

b. The second reason is Option of Use Value. Al though you m ght
be uncertain as to whether or not you will ever visit the Gand Canyon, you
mght be willing to pay to preserve your "Option of Use" to visit the Gand
Canyon under conditions represented by "C' rather than those represented by
"B". Option of Use Value can also be explained using autonmobfle insurance
as an exanple. That is, an individual obtains autonobile insurance because
he believes there is a possibility that he mght have an accident sonetine
in the future. So he is willing to pay his insurance premuns to naintain
his "option of using" his insurance should he need it. Note that, on
average you pay nore in insurance premuns than you ever can expect to get
back in damage collections.

In a simlar manner, you nay be uncertain about ever visiting the
Grand Canyon, but you may be willing to pay to maintain the "option of
usi ng" the Grand Canyon under conditions represented by "C' rather than
"B'. Thus you may be willing to pay an extra anmount above user value to
insure good visibility at the Grand Canyon if you do decide to visit.
Category b, then is called Option of Use Val ue.

c. The third reason is called Existence Value. Wether or not
you ever visit the Grand Canyon, you are willing to pay soleiy to ensure
the existence of air quality conditions at the Gand Canyon for the
benefit of your generation as represented by "C' rather than those
represented by "B'. Therefore, just the know edge that air quality
conditions are being maintained has value. Thus, category c is called
Exi stence Val ue.

d. The last part is closely related to existence value as defined
above. However, in this case, you are willing to pay to preserve air
quality conditions at the Gand Canyon for the benefit of future
generations. Thus, part four represents a wllingness to endow future
generations with a preserved Gand Canyon and is called Bequest Value.

5.  Non-User Analysis

a. The first reason you might be willing to pay for preservation
is Option of Use Value. Al though you might be uncertain as to whether or
not you will ever visit the Gand Canyon, you might be willing to pay to
preserve your "Qption of Use" to visit the Gand Canyon under conditions
represented by "C' rather than those represented by "B'. Option of Use
Val ue can also be explained using autonobile insurance as an exanple. That
is, an individual obtains autompbile insurance because he believes there is
a possibility that he might have an accident sonetime in the future. So he
iswilling to pay his insurance premuns to maintain his "option of using"
his insurance should he need it. Note that, on average, you pay nore in
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i nsurance preniuns than you ever can expect to get back in danage
col I ecti on.

In simlar manner, you may be uncertain about ever visiting the Gand
Canyon under conditions represented by "C' rather than "B". Category b,
then is called Option of Use Val ue.

The next two parts are independent or separate fromone's actual
use of option to use. Rather, these categories deal with the sinple
exi stence of particular air quality conditions at the Gand Canyon.

b. Wether or not an individual visits the Grand Canyon, the
i ndividual nay be willing to pay to ensure the existence of air quality
conditions at the Grand Canyon for the benefit of his generation as
represented by "C' rather than "B"'. Therefore, just the know edge that
air quality conditions are being maintained has value and this value is
cal l ed Existence Val ue.

c. The last part is closely related to existence value as defined
above. However, in this case, you are willing to pay to preserve air
quality conditions at the Grand Canyon for the benefit of future
generations. Thus, part four represents a wllingness to endow future
generations with a preserved Grand Canyon and is called Bequest Val ue.

SUPPLEMENT FOR OPTION OF USE VALUE

Assume you pay an insurance prenmum of $400.00 per year. Over your
lifetime you may only get back $300/year in car repairs, etc. Therefore,
you have paid $100 nore than "necessary".

O the total $400 you paid,;

1. $300 is a user charge, that is, $300 of the prem um was
actually used for the accidents.

2. The remaining $100 is therefore the option premum paid in
case of an unexpected drastic accident which may cost hundreds
of thousands of dollars or even death.

In a sinmlar manner, there may be some chance of an unplanned visit to
the Grand Canyon, that is, an unexpected vacation, a sudden request nade-by
friends or relatives, etc. Since this uncertainty does exist, you may be
willing to pay to keep open the "option of using" the Gand Canyon under
air quality condition "C' as opposed to air quality condition "B".
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3.

$

Zero Days

.00 /nmonth $ 5.

.50 / mont h
1.00 / mont h
2.00 / nont h
3.00 / nont h

4.00 [ mont h

User Val ue
Option Val ue
Exi stence Valve
Bequest Val ue

Option Val ue
Exi stence Val ue
Bequest Val ue

$10.
$15.
$20.
$25.

COVPONENT VALUE STUDY

ANSVER SHEET
days 9 days 13 days
days 10 days 14 days
days 11 days 15 days
days 12 days More than 15 days
days 9 days 13 days
days 10 days 14 days
days 11 days 15 days
days 12 days More than 15 days

00 / nonth $30. 00 /month $ 60.00 / mont h
00 /month $35. 00 /month s 70.00 / mont h
00 / nmont h $40. 00 /month $ 80.00 / mont h
00 / month $45. 00 /month $ 90.00 / mont h
00 / mont h $50. 00 /month $100. 00 / mont h

More than $100. 00 [ mont h

AL DD

N

k23

Answer only if you answered $.00 any part of the above question.
Did you bid zero because you believe that:

The air quality inprovenents represented in the colums are
not significant

The source of
costs of inproving the air quality.

QO her (specify)

the air pollution should be required to pay the

Home zip code

Rur al

Subur ban Ur ban
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9.

10.

11.
12.
13.

14.

15.

$

Education: under 12 years

H gh School
Col | ege-no
Bachel or's

degree
degree

Post - graduate degree

Age group: under 18
18-24
25-34
35-44
45-54
55 and over

Sex: Mal e

Femal e

How many nenbers are there in your househol d?

persons.

Are you the primary incone earner in your household? __ yes no

Woul d you pl ease indicate which of the follow ng groups your annual
househol d incone falls in:

| ess than $5, 000
$ 5,000- 7,449
$ 7,500- 9,999
$10, 000- 14, 999
$15, 000- 19, 999
$20, 000- 24, 999

Pl ease check the anount

.00 /month $ 80.00

$25, 000- 29, 999

$30, 000- 34, 999

$35, 000- 39, 999

$40, 000- 44, 999

$45, 000- 49, 000
$50, 000- 54, 999

$55, 000- 59, 999
$60, 000- 64, 999
$65, 000- 69, 999
$70, 000- 74, 999
$75,000 and up

bel ow which is closest to your average
current nonthly electricity bill.

[ mont h

10.00__ /month $ 90.00
20.00__ /month

[ mont h

$100.00° /nonth

30.00 /nonth $110.00 /nonth

40.00 __/nonth
50.00__ /nonth
60.00__ /nonth
70.00 __ /nonth

Above $300.00 /nonth

16.

TEAM

$120.00__ /nonth
$130.00__ /month
$140.00 __ /rnonth
$150.00 __ /nonth

Check |f additional information

$160.00 _ /nonth
$170.00 __/nonth
$180.00 __ /nonth
$190.00 __ /nonth
$200. 00 ___ /nonth
$210.00 __ /nonth
$220.00 ___/nonth
$230.00 ___/nonth

was used.

THANK YQU

$240.00 ___/nonth
$250.00___ . nonth
$260.00 ___/nonth
$270.00___ /nonth
$280.00__/nonth

$290.00  /nonth
$300.00 __ /nonth
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APPENDI X E

RTI SURVEY AREAS FOR THE HOUSTON EXPERI MENT

RTI STUDY AREAS

In the balance of this Appendix, study areas (denoted segnent ID) for
the Houston study are given as they were established by the Research
Triangle Institute. Sanples drawn from each segment are described in the
text, Table 3.1. Met hodol ogy for defining segnents (study areas) is
described in "Field Interviewers Manual, A Prototype Study for Estinating
Recreational and Related Benefits of Water Quality." RTI Project 2222-2,
Research Triangle Park, NC, Novenber 1981.



SEGVENT  SKETCH
EST. HUs [Jd

Tndjcate |
~Jorch
SEQVENT D 2/- «f T Lp RATE /7, START # s
| NTERVI EVER PLACE  tbpwsrra’
F 10A
] TARE 4 ] -6
L2 {7-72
*GA
J
Y
- N
16 Q
¥3- 90 g el
|
" o e
q1-48 _____._g_..___J \ 8 ™ srsp > R 9 ﬁ i\
g 204 . o~ : o 9 3
i — isqurr 1‘:?.8': oS
¥ T e1- 7y il gy
¢ o A v A
Ye.50) 27 ) ’
?9-re0

W. PellLy,+ Ave.

5 ElFoer Sourpaes
hwse T

oo 4or;.

338



i
analagty Lynget ga

LT

aus &

4

bess haga.

w8 e
T

PIery

=
Doy

- !
“:Congressional Distrllct 7

doa

27A

Yo — V37-13
S AU - 220

/- 475 4P

ED 355
WD

433 @

2

- Alief

T
216t 4y e 4§

i |

H

L

oG

N3 ;\
=

G0

2386

a

| Part




e
(}.nd1<:a te {. SEGVENT  SKETCH

Morth
SEQENT ID R /- O4I¢ 4 RATE ZQ;L SIART # 3 EsT ws /47

™ | NTERVI EVER pLACE Mous fon T x

Q Dy LS Cg

1 . . . .
Coilizuen {1y Shezed
- - ' -
A s b
.“,‘ o -
]
; . )
~ o
5 PERNE b 51
JUPRE PR O“‘;‘J‘:
. 5
- (' 7}
i - L A
RS P
1 1N
M \\’lu, )
. . )
- b
v N
3 L
- 7 ? >
ety
: / ~ — g
. N !
VAN S ;
-
¢
£
< )
b {
-t
k -
{ry T>\
N R
H
~
~
- ]t“
~
s
~\
- \\
- \;:
\l
i ;

340



LIST UNI'T SKETCH

SEGMENT ID 2 [ —0fp(. & PLACE Lot T Mopmrs G-
PREPARED BY  (hpr- 734, S o DATE 0.5/257/7=
REVIEWED BY - - DATE N

Indicate North ch, Cu//uj s W'a,.fA ,4/;/; ” D82y CU““‘;‘}‘ SWor 'L(
/’J"é d'(hl”'\ - u.‘l' fa sce /(

oK
Y 5 7
X §3 : 2 D L ™\
3 ] v -4
6o o L EIE) |
Shyrs O L T 23 33 e
R i r (5’;“:
2} |QE ! Lt
- . : \_ s !
! ! : S I B
i i i -
X Q. ;;] ? 3 !,/(n;vl7
) pA) T - i .
S | = T
BlEe — - .
§ il’ail"j - ) i
: "_,\ I;_:__________.
Mmoo =
! . 5,’,’"’“7 :/.—.—_,__
N 4 < H . '
er BB LS (@) e B
T @7@[@!"5“ & et !
AR I R e Rl v
i -} ! - ] /\\ N ‘_. ," ‘
— | @] w0 B .
- —+ i e 4 /f' . | f

341



aissamgs

[
smacegeey

na 3 s 54 i EIi

s2)asas
xR
4241 Sl"‘_h]sn

314 1)49!:'!1: o oo} ‘_“ianl

azetyy

[

0

)
i
on
mom

¢

oGO
0 OOR

-

30

3

B
R
23822 2
3 - > 4 05
et ’ :4,,

ey . ook

4

o

7

P

*.
¢

b

:

. T

1s c1o |

Y RTERT I RN

i 7y 12707 o

megnad 2017 af a0
216f 717

Aev.ovn

: LTINS

v




Indicace
Norch

A

- SEGHEVT SXETCH

SEGMENT 1D ,,?o? &7&75 RATE /7 START / ssr; s /04

INTERVIEWER PLACE ,Q /s A, ,é.,y
PR H

Le&:</00 d

3

L 3, f,,_/,:,’,'
/" ’
1/ S

e e e e——  — - - I
X X X X X X /X)X X X X x ¥ X X ¥ x w X ~ K x x ¥ |\
4 o8 18 i €& p2 \52/ /9% (32 73 A3 gb 1k 6 hb T4 Sh Ls EA\LENU 100 Tt 7
at 4 23 P) 9 s ) Conche
25 2 -/ A0 9 g 17 K i 13 12 11 10 s 2
. X X_X ?(_'_X_ X X X X s<___>5__ X _x x X f J_\éf gl—)? x \L,
(' x x X X X X V ¥ XY~ ¥ ¥ X ¥ X/XYIX X X Y ¥ ¥ LRA S
) Lo Belbe/os (€ t€ € F€ 7z \9g /i &3 f on n tA\EL/FR G52 2 Lh 38 ) i$zel o
Ry <
N @
1) )
N} ~
59 )71 L 15 1 73 gaf1 Yo of ¢ LT £b E5 L3 62 6 4o 55 seTINSG 55 54 53
¥ X N ¥ ¥ O N\Y/v. % X X X X _ |A\Y¥y ¥vwx x ¥ x X X

343



_i&_
3 . :
; a nv,’in-)‘
4 . N
4
3 L3
b B
K|
JS SR, . AV S o S,
;
|
!
o
% R
-
o [
e i
u
‘3
p
H
CANAf ,
-
Py
X
¥
5
3 P

r, T )
——lp————L e :
| A~ 270945 2 S P
‘e~ 9

344



.Indicase SEGVENT SKETCH
jorth
SEQENT ID R J - L7008 RATE ’/5 START # =3 EST. WU s 3O
0N | NTERVI EVER pLace_ Houston Tx
_HSrres Co

345



L
i
1
h.
1

—
| A i | A i =

¢ IIIGTT LT

ED 46

Lol gL

ressional Distr

ey

S
comes ! —aEm
-
o Yse3
T AL e ek
e 2 . B
K

qufjégox\: Au-30

RN

3
P

e,

METWELTY

I —
o M
1
r———————— .
o v o % - — ey

. 3 3 g o < O . . Vet
—— -

lll{l[

346



fr————

———————
Inaizate SEGMENT SXETCH
7 Nor=A

) SEGENT 1D X R -/ 5010 RATE ’//7 START #__f&F  EST. nu's /R 2
'7\ INTERVIEWER PLACE B A ’y-/gw Nn_ 1x

Harris (a

347



i

o A

scfaﬂ‘,,‘.‘_ .
G~ 807 -

1

ki
/Anl*“f




_Tnaxcate SEGMENT SKETCH

North — ]
SEGENT 10 R - 17394 RATE //0 start ¢ & £sT. HU's, @ L

A INTERVIEWES race_ Pasadena  Tx. .
Harrs Co.

349



ool / L 502

ZUNTO

«Suwu';/

= _ \
- - 4 EEP

= _ . . TAN)ES it .,,': 1 ii 1

‘ : Vi E :

. ) . . — : ..,.ﬁ} i 3 E - «

R\

7

H
g

cafaty

AT W AT
. g )

1o

[T T SN
s |2

SXRIN
[ETTITCo—

1

AL |

| STRAWRERRY
PARK
Tee

S o  mEm - /7395 LRmoA

- TR S
:tu:;_:-“i ///0 "6 =

Lt eiiaat. vl

1s s, 7, -

350



LIST UN'T SKETCH

SEGMENT ID Jd Q- S %5 79 pLacek Day bos  Tx 77535
'

PREPARED BY £. Se// o paTE  05/n3/z2

pate ¢ (/J /& 2

REVIEWED BY

Indicate Norch

7

AJe

{

h; - l/: h ”‘I/’f
;)

- s Ay EAST _
7/’(&: S W, FRESH £l
/

351






————=
Indicate

Jiorth

SEGMENT SKETCH

SEGMENT 1D _od/ = /54 F &

(42

I .
ratE /7] staRT #- 3 Est. wu's 6F

INTERVIEWER

PLACE

Houston T x.

353




R
W

P AL

bas

ST e

E‘i:‘ L0

VETERANS
o

HOSPITAL

e fd

25
SOUTHERN
UNIVERSITY
i

2,

DD ITIe
pran B
z 2

CRIN

2~

354

o 7 ATHLETIC BIELT 7/
A “z -

UNIVERSITY
F

- 3 wouston




cate SEGMENT SKETCH

P 20
P emr . R - 55790 e '/ ’ﬁ start #__/ -
1\ INTERVIEWER PLACE )‘7"00( S -:Lo ry T;(

Harns Co.
RIS
| .
' E’JC I!J 5*"7&(:, + .'S
~ g’ Y b4 R 2 4 =
T e & TR A 20
; " & /13-19
] N
| \—/I§ v
N\ =+
\3
: Q )
S
1 S . C
= )
RN 9
! < 7 -¢
Sl B S (O N e I @~
b () g = Ds 2 D
‘ B/”"C Strect ’

355



)

o 277 T
g s IR

BT

~ a2

- a e A 3
i
§ E Y nsd ny
o 7t
}) 21 e | st
1
—
Eit)
i
301
e
N EEN
4. 4
B
' 3
A L
w . ER .
= M3 A :J
A an
5 «
: 519
ol
W H W FIE
Pidsiq 2 3 i
3 24
A ki
m'ggq:i
W ELE 204
.3 3
3w
- 4 00d 22 .
i ! 2
éw' ml:gm I"ﬁ"j"ﬂ‘:‘ - 1 bed
! B
o

ot
I, TL (W
m

H

sarf e
2> Jeoefeos baar | w0t
L FmAand vedn g e}
s

T
g

ALLA LYY

7 ] 217

R

1e2g

P D)

IR

RIE

EEEYE

==
31
st

Y gpd A A Y

'~ -,
3:,;.‘._}101.LYWOOD

Gerg et

31

SRR
S

022 71 kg2t

IR XN

R

v ke

sl zal o2
. > b e L B

EEENCERSH

1a

i
703 Doeclpual -0t aretons (53] 0324 1303 pp

ol nd o131 313 gozp——

i el el e eral gea §

]

~oel 2red 0y ol e aaet

i 1;“:"?““‘

-3 L

3aET Ny gt gt 473 426 1

Pl
12 . imh 2y e

G s Y e

'“rrC';i‘i’rAg‘?res/sion\cﬂ\Disf?‘fd 7
R1=3857LL 2l
Yol 51

= v

E o ce
A KL T - 5 .

a4

124310t tiag fus

AR RTYS

29277 w71 o fer L zza s

<343 004

s 51 g 237

i e T

713t

HIPLY

P2 72208707

YEERED ok

S 4030 g 35

2253194 2ia

1
!
qut:h':'ﬁ “
]

e B/ B N

rra
A,

oyt
srrirt qesiiarfaeat 3

1

T

i1

]
444

R

R RS e
——tT T

4

EyTi crr ausry




‘Tadicate SEGVENT  SKETCH
aorth
A SEQENT ID X/ -/ 8/5 F RATE ’/ START # [/ EST. HUs &
| NTERVI EVER PLACE_ Mouston 1X

HMIrers Cao

357



I
> zeﬂ,&w\. o
7 y 1 n
T R
¢

T~ £
= 7/~_l- ~.
o~ 7‘\7’_;}_

LA

gressional Distr’

202 -

F]

.
AU

s WPy

omt]n

- . dNel I nm e
A

358



;__\
¢Indicate SEGMENT SKETCH
Morth ’
SEQENT 10_R/ /78 A RATE /5' START # __“f  zsT. Hu's_ 3.3
’]\ INTERVIEWER prack_Mouston T

Harrs Co

359



2/-1R7¥ 2

4

s

U= 33

/' HOUSTON
3 101+ 4

R -
fatmenc rac 7
v, 2 pA

s
fis. PARK S/

A
TN UNIVERSITY

. 7
2 i >
5 T
T N o 2
A (e N .
LA y p o] LA
LY LNyl Y s fsf 3 Tyl R
VAZLS WOy oS
) b AN o LT e "

HOUSTON
e

%
Py Lo

'
7
Y/
~

/

I

L

v N
B

\E |
R

W e

Y 2y ..
v ) Ao,
o A 1
LA &4
Y LY SRS ‘
(s N g iy
" o t g3
- Sin
b
N A\~ 3 P
5 /.r s . ¥ J T
y N "
°\ o P »
Y AN
3 . A
' .

360



i 4 -,
403 0359179

ad

1 vaad

ThbY

beEE

™

ity

] ey

o

B R

e
ey 5 "o

oy

HOUSTON AREA

Maeirapohtan Mao Seres

»
v o, Tuu | SHEET 40

2 -/R7z2

361




Ingicacte SEGMENT SKETCH @
Jorth

SEGMENT ID_pdd — 34099 RATE f//ﬁ START 4+ & EST. HU's B3
/]\ INTERVIEWER PLACE Lléeﬂ C)ourr/-]s/

< T~
B
[

7

\\L?\ v.s. ey g,
\_’\
I
; oy e
5y 2 [4 P ¢ X 1
o 2 )
o ax
3
~y
D x
3 \ =
X b)Y
o
Q
~
R
~3
~ ~
-
bt
—
™~
) 5 “
< B el
- x
’ 3Ix
Ax
ox
t
. 3t
\7”5
Sy
I
8ty
\ EJO S S
Ry ‘
X x \;0
y \
N X
& 7 4 o s \
ARl (O EoR 2 e PP

362



HT,
55

. //;/f//,{,/‘/

oA T
s
A
4
2Ly

ity

R,

- '/ L g
2 ’(//g’i/fé"{///k;.‘:"‘.
L ANl T e B

b
Cmnmn

Ay
V.
|

CE N TN
141 |
S bl

.o

-u(\ m

RS- 34099
‘N2 -5

| I R Vi~

363



——
B PSS ———

tnaicate SEQVENT SKETCH
noren ' 5—-
. SEGVENT ID A2 - 2327 RATE /1 START # !/ EST. HUS
™ - E—
| NTERVI EVER PLACE_ Mrvadns  Fbint _
Harris (o
XxX{S
L TANLY
\
5 .
\
N .
\\"{./
\
\ - \
AY
\
\
\
‘\
AN
AY
U
\ A
\>
RS
—/"
o

364



] < BLACK
1

Sl
S NPt \ED 92
SR L
e e - 3 Congl:e; Snal D:s.rrlct 8

P J\%; T

. o

377 PENINSULA /
Rﬁx %ﬂf \ ‘\‘ .t?fwlands DIV‘J TABSS
TN = e oy
1 &y T T i -
roen 3-.\ ' % N i === s N

& } 3
b
¢
IR
: :
g !: \ Nt
1 -
\ \\2 SPILLMANS = \gﬁfD
- N .

(% ‘\.:.'\

365



F;————l
Indicate

SEGQVENT  SKETCH
North /
SEQENT 1D L1 =71 394 RATE /10 st # G EST. HUs 63
N | NTERVI EVIER PLACE_Mousdon Tk
Harris (>

rf}’l""\&K-\—
'?\.Ocigl:};m\é
N
Q
(¢
32 Xs
NPy k% X
U EIEE U
Y= v v = v

%

‘\’S o
{J:“Hﬁua#mj
{ \'.’ .

P PN

\(J -
\a Cnly 9]
0’\

COU /L\on

366




‘ Districy

HOUSTON AREA




——
TIndicate SEGMENT SKETCH
Morth l/ /2
sEqENT 10 A[-R761T RATE 3 starT ¢/ EST. HU's
7\ INTERVIEWER viace Housfon 11X

Horrs Co

R Ll._‘-/fs /:'/'/“j R @3
'_Q ~ - - 1\

}1( )‘

5%755%’
)

SC&*%

368



- ; 2/- 7679

- = — ' EREW. N

o

dfsay fs ot

R

I

o detwmiem o~ It
S Siserscron

stvmmeise |7 - |t
«
= el I e H
oA Simeses T M
o :i - - e
—— i - N g -

369



' Inaicate ) SEGMENT SKETCH @

norTta

scEsT 10_od/ - Y45 YR 4 RATE //.5' START #_ ol EST. HU's_Je
/F INTERVIEWER riack__ Housdton Tx

370



. R

AL B et 5 Xl

AN o L A F Iy

ED 393~

Houston Div.

wmag ol
sl
el
e
=

SHARPSTOWN

COUNTRY

371

Clus

N

/. =
et o
+

e
LV

H g
4 s nr
-vﬂb

i'Seedressiongl District 7
.!\“Q_ i

an 3
i
s
N
2t



APPENDI X F

DATA FROM THE THREE-CITY PCLICY BID EXPERI MENT

NOTATI ON
OBS: (nservation Nunber
SE:  Starting Bid (dollars/nonth)
BD:. MaximumBid (MBin text) - dollars/nmonth
FB. "Fifty percent"” Bid -- dollars/nonth
DB: "Qther goods" Bid (OG in text); dollars/nonth
Al: Average Annual Income (thousands)
AG  Respondent's Age (nunber years)
RC. Race: 1 = white; 2 = non-white
SX.  Respondent's Sex: 0 = fermale; 2 = male
CN.  Children (under 18) in Household: 1 = yes; 2 = no
EN.  Respondent's Education (years)

SET A (B): Al buquerque and Houston: Participants not given (given) budget
i nformation.

SET 1 (2): New Haven: Participants not given (given) cost data.
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ALBUQUERQUE DATA (SET B)

JES SE BD FB DB Al
1 S0.0u 75.0 75.0 60.00 28.0
2 5G9 100.0 100.0 100.00 45_0
3 20,00 30.0 30.0 30.00 38.0
4 75.00 100.0 100.0 100.00 27.0
5 15.00 20.0 20.0 2.00 22.0
¢ 1.09 1.0 1.0 1.00 8.0
7 5.00 15.0 15.0 5.00 20.0
8 509 5.0 5.0 5.00 17.0
° 5.90 5.0 5.0 5.00 50.0

ic 3.09 1.8 1.0 1.00 11.0

1i G.05 1.0 1.0 1.00 9.0

12 S0.20 75.0 5.0 75.00 25.0

13 0.50 0.5 0.5 0.25 30.0

14 5.00 5.0 1.0 5.00 12.0

15 .00 10.0 10.0 10.00 36.0

14 5,00 5.5 5.0 5.00 17.0

17 5.00 10.0 10.0 10.00 15.0

1 5.00 10.0 10.0 10.00 24.0

19 10.00 20.0 10.0 20.03 13.0

20 0.5 1.0 0.0 1.00 20.0

21 0.00 0.0 0.0 0.00 12.0

o3 4.¢0 5.0 5.0 5.00 10.5

23 1.00 1.0 1.0 1.00 42.0

24 5.60 5.0 5.0 1.00 30.0

23 15.90 20.0 20.0 14.00 17.5

& 22.39 30.0 30.0 15.00 2.0

T 15,99 20.0 20.0 1.00 16.0

2e 35.90 40.0 40.0 30.00 47.0

27 9.00 0.0 0.0 0.00 36.0

30 15,60 10.0 10.0 2.00 7.0

31 10.00 50.0 50.0 50.00 36.0

32 3.80 9.0 9.0 9.00 30.0
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DATA (SET A)
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HOUSTON ( EXTENSI VE, door-to-door) DATA (SET A)

JBS SE oo e OE Al =G

pal
O
o

1 0.1 0.18 0.1 20 23 1 1
2 9.0 .00 0,9 20 45 i 0 -
3 20.0 Z0.G0 oY) ) 22 i 1
4 2.0 ¢.80 Cav 1z I H &
S g.¢ 3.C0 <.0 18 20 1 0
s 50.0 50.00 SC.0 1? 26 1 0
7 10.0 2.00 3.0 235 az 1 0
8 3.0 2,008 Z.2 SO 3 b i
? UG 25.00 25.¢ 25 25 1 b
19 ¢.5 3,25 (U 1& 34 & G
11 1.5 i.50 1.5 24 22 1 1
12 0.0 3.0¢ 0.C 12 S 1 o
13 20.¢ 20.00 20.0 25 4z 1 1
14 3.0 5.00 S 30 v 1 1
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HOUSTON (I NTENSI VE) DATA (SET

BD FE on AL f=¥e]
5¢ 50.0 50.0 80 S1
75 5.0 75.0 Az 32
7s TELC 75.0 et 48
39 9.0 39.0 15 34
56 20.0 15.0 35 24
75 2.0 75.0 S0 s
1 1.9 0.3 T 38
100 10.0 20.0 125 ag
75 T5.0 15.0 19 25
z 5.0 5.0 13 32
12 12,0 12.0 a3 g
25 25,0 5.0 i3 27
20 0.0 5.0 32 39
40 0.0 40.0 &0 &7
10 Zed 10.0 35 a4
20 20,0 8.0 &C a7
10 10.9 10.0 55 38
1 1.9 0.5 8 &2
130 130.¢ 130.0 iz 40
20 2.2 20.0 20 37
1 1.0 0.5 a5 19
33 D0 10.0 100 52
0 0.0 0.0 100 a5
7 1.0 3.0 40 36
95 5.0 25.0 20 41
7 T 5.0 o padus
40 3. 10.0 1ot 3z
12 .0 6.0 33 35
25 16.0 15.0 45 50
10 10.0 10.0 11 25
10 10.90 2.0 41 21
15 iz.0 15.0 0 S5
80 3¢.0 16.0 32 27
5 Sed 1.0 o0 32
60 S0.0 60.0 &0 52
15 15.0 15.0 20 65
3 0.0 3.0 20 S8
8 8.0 1.0 23 Az
10 16.v 10.0 25 29
13 1.2 10.0 i4 19
12 Sel 12.0 15 27
15 7.5 10.0 oo 43
0 0. 0.0 12 30
10 1Cew 10.0 T G0
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HOUSTON (EXTENSI VE, door-to-door) DATA (SET B)

ZL b4 FL oE I 10 i 5¥
j 2 3 8.0 SO0 e 1 1
G 5 ] S.0 25,0 Ke+] 1 <
3 2 0 2,90 20.90 33 1 1
S ] 5 1.0 12,0 Jag=1 1 Q
1 1 1 1.9 11.0 27 1 1
I} 12 1z &.C 17.5 28 1 {

=3 SC 30 30.0 40,90 35 1 1
3 5 3 S.0 L35 30 1 9
S S S G.C 0.0 43 1 [«
¥ 10 10 1¢.0 28. 3Q 1 <
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2.G
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15.G0
S5.00
80.0C0
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1.00
.00
20,090
S0
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10,00
10.00
Q.C2
10.89
10.00
2.00
S50.00
30.50
1G.0¢
10.006
1.50
S.00
16.00
S.<0
S5G.00
10.00
5.00
10.06
S50.00
S30.C6
S.00
1.00
5.00
1.04
15.C90
—19.¢0

NEW HAVEN DATA (SET 1)
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NEW HAVEN DATA (SET 2)

IE jagd FE nl G o 3 CN £l
20,0 25.¢ 25.0 £1.0 e i 0 1 17
1G.9 25.0 25.0 36.0 30 1 1 1 16

5.0 1.0 10.0 8.0 oS 1 0 0 18
PRCPRY 123.0 125.0 Z0.0 3-) i 0 1 18
55.0 109.¢ 50.0 2o.e 7 1 0 1 15
5.0 SC.0 25.0 30.0 v 1 0 1 12
10,0 15.9 10.0 7.2 59 1 0 0 14
10.9 16.0 10.0 22,4 52 1 1 1 17
i0.0 39.0 30.0 40.0 34 1 1 1 17

T.0 37.0 22.0 G0 oo 1 0 0 16
15.0 .G 30.0 50,0 Sz 1 0 1 17
S0.0 5.3 0.0 S50.0 35 1 0 1 15
15.G 15.2 10.0 15.0 Jate 1 0 0 16

CGaw 0.0 0.0 45,90 47 1 1 1 16

3.0 5.0 5.0 37.0 P 1 1 1 12
26.0 35.¢ 35.0 42,0 i) 1 0 1 19

.0 7.0 0.0 35,0 o2 1 1 0 19

1.0 2.0 0.0 15.0 o8 0 0 0 12
15.0 25.0 25.0 28.0 41 1 0 1 14
20,0 30.0 0.0 23.0 32 1 0 1 19

5.3 7.5 7.5 35.0 14 1 1 0 17

2.0 Z.0 2.0 40,0 gt 1 1 0 17

3.0 &0 6.0 28.0¢ 6% 1 1 0 18
80.0 10.0 160.0 50.0 &2 1 0 1 16
0.0 €5.0 95.0 27. a3 1 v} 1 17

1.0 13.0 5.0 16.0 30 1 0 1 14
30.0 a¢.C 20.0 T5.0 a1 1 1 1 16
100 20.6 10.0 60,0 32 1 1 1 16

3.C 11.5 5.5 15. ot 1 0 0 16

0.3 5.0 5.0 15.4G o3 1 0 0 13

1.5 7.0 7.0 22,0 33 1 0 0 17
20.0 4.0 40.0 az, 3i 1 1 1 16
TC.S 142,38 100.0 a0, -9 1 1 1 12
i5.0 4.3 0.0 Tl 23 1 1 0 16

T tues 10.0 KAVIEY ol 1 1 0 12
5.9 40,0 25.0 3540 4 1 1 1 19

1.9 Zev 2.0 17.0 zz 1 1 0 12
16.4 15.0 15.0 3240 R¥: 0 1 1 17
IG.3 35.0 13.0 nnn 12 1 1 1 16

L.d el 0.0 S5 g 0 1 0 13

TG 18,4 0.0 22,6 s 1 1 1 12
0.0 0.6 50.0 .o Th 1 3 0 17
50,0 100.3 100.0 3G, 3 1 1 1 17
360 .0 0.0 133G - 1 0 1 12
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