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PREFACE

The notivation for this volume can be traced to the authors’ convictions
that the valuation of non-market goods through the application of economc
anal ysis could be acconplished. The various contributions to the literature
that forned the underpinnings of this effort are many and diverse. Yet, the
work by Alan Randall in setting forth the framework and first enpirical ap-
plication of the iterative bidding technique for valuing non-market goods
nust be noted. Many individuals including Drs. Fred Blank, Robert Rowe,
Robert Horst, Jr., Alan Randall, M. Larry Eubanks, M. Berry lves, M. Rex
Adam have provi ded worthwhile coments and criticisns. None of these indiv-
Idual s are responsible, however, for the results



ABSTRACT

In this study, the enpirical results obtained from two experiments
to measure the health and aesthetic benefits of air pollution control in
the South Coast Air Basin of southern California are reported. Each
experinent involved the same six nei ghborhood pairs, where the pairings
were nade on the basis of simlarities in housing characteristics, socio-
econom ¢ factors, distances to beaches and services, average tenperatures
and subjective indicators of housing quality. The elements of each pair
differed substantially only in terms of air quality. Data on actual narket
transactions, as registered in single-famly residential property transactions,
and on stated preferences for air quality, as revealed in neighborhood surveys
were collected. It was expected that a relation would exist between what
people do pay for air quality as reflected in property value differences, and
what they say they will pay, provided there are no incentives for themto dis-
tort their bids.

G ven various assunptions on incone, |ocation, aggregation by areas
specific housing characteristics, and know edge of the health effects of air
pol lution, both the survey and the property val ue experiments yiel ded estimates
of willingness-to-pay in early 1978 dollars for an inprovenent from “poor” to
“fair” air quality of from$20 to $150 per month per household. The results,
therefore, indicate that air quality deterioration in the Los Angel es area has
had substantial negative effects on housing prices and that these effects are
conparable in magnitude to what people say they are willing to pay for inproved
air quality.
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CHAPTER |
| NTRODUCTI ON TO VOLUME 11

Determning the benefits of non-market, public, or collective goods
such as environnental quality as become nore inportant as increased regul-
ation by governnent agencies has- inposed heavy costs on the private and
public sector. The question “Do benefits of environmental prograns exceed
costs?” is being asked with increasing frequency. This study attenpts both
to conmpare methodol ogies for estimating the benefits of environmental contro
and to provide specific estimates of the benefits of air pollution contro
for selected areas of the South Coast Air Basin of Southern California

Al'though a nunber of methodol ogies are available, here we “focus on
two; the use of survey instruments and on the use of property value differ-
entials to neasure the value of air quality. The overall focus of Chapter
Il is primarily to set the existing work on non-narket valuation in per-
spective. We initially present a theoretical basis for the variety of
val uation approaches in Section 2.1 where the theoretical |inkages between
techni ques such as the property value and survey approaches are shown. The
structure of what is terned the survey instrument substitution approach wll
be discussed in detail in Section 2.2. The iterative bidding technique also
using the survey instrument will be presented in Section 2.3. Endemc to
both the substitution and iterative bidding approach are potential biases
and other limtations on what we termthe contingent val uation approach in
which hypothetical situations are utilized. In Section 2.5, argunents are
presented which suggest some advantages to the contingent valuation approach.
These arguments have been typically ignored while the bias issues in Section
2.4 have tended to dom nate the propositions in existing literature. Section
2.6 presents a brief review of the existing work using contingent valuation
met hods. The renainder of the volume is devoted first to reporting in
Chapter 111 on the paired sanple methodol ogy used in the South Coast Air
Basin study. Then, the design and results of the South Coast survey instru-
ment are presented in Chapter IV including summary estimtes of total air
pol lution control benefits in the South Coast Air Basin.



CHAPTER I |
THEORETI CAL  FOUNDATI ONS

2.1 Valuing Non-Market Goods: A Common Theoretical Basis

The provision or control of collective goods and bads has falleen
inplicitly to the public sector. Gven the econom sts goal of efficiency,
inplying a price oriented framework, an immediate problem arises. That is,
the price of a public good or intangible cannot readily be observed in
a market setting yet the enployment of benefit-cost analysis requires some
formof price information for such goods as aesthetics. How then is
the requisite information obtained?

Several approaches have been recently subjected to theoretica
devel opment and enpirical scrutiny for ascertaining the value of non-
market goods. One such approach is a direct valuation nethod which,
sinply stated, asks the consuner to bid in a highly structured situation
the dollar values for alternative levels of provision of the public
comodity in question [Davis, 1963; Kurz, 1974; Bohm 1972, Bohm 1971
Randal |, et.al., 1974; Brookshire, et.al., 1976; Blank, et.al., 1977
Randal I, et.al., 1978, Thayer and Schul ze, 1977; Brookshire and Randall,
1978].  Another approach is the travel cost nmethod which has had many
enpirical applications [Knetsch, 1963; Cawson and Knetsch, 1966;
Davis and Knetsch, 1966; Pearse, 1968]. In the case of air pollution
there have been nore than several property value studies: [Ridker and
Henning, 1967, Anderson and Crocker, 1971; Freeman, 1974]. These
property value studies are based on the hedonic market approach which is
theoretically founded on the household production nodel of the consuner,
[ Lancaster, 1966; Rosen, 1974; Muel | bauer, 1974; Hori, 1975]. Consumers
are conceptual i zed as conbining private and public comodities through a
househol d production function to produce characteristics that the
consumer values. In these studies, observed variations in market prices
are associated with characteristics such as environnental quality.
Finally, questionnaire approaches have been enployed to gather data on
househol d technol ogy and preferences. A primary notivation in the
devel opment of this indirect valuation approach was to provide a cross-
check for the enpirical estimates derived from direct valuation nethods
[Blank, et.al., 1977]. Actual enpirical efforts to apply this indirect
val uation nethod have concentrated on producing data useful in estinating
the household technology, [Blank, et.al., 1977, Brookshire, Randall, et.al.,
1977].

The direct and indirect valuation nmethods rely on what are essentially
a set of hypothetical situations, both in terns of the [evel of provision

2



of the public comodity, as well as in ternms of the property rights
structure associated with use of the public commodity. Therefore, the
enpirical values which are produced are contin%?nt upon the hypothetica
structures which are presented to the consuner. I It is for this reason

that these two methods have come to be known as “contingent valuation”
met hods. 2/

In the contingent valuation format consumers are queried as to
wi | lingness to pay, willingness to accept conpensation, past and current
experiences, potential expenditures adjustments, and so forth in estimting
compensated demand functions for public commodities. Thus the notivation
for contingent valuation approaches is to produce valuation measures that
can be used in benefit-cost analysis under the Pareto inprovenent
criterion.

The enphasis to date in devel oping non-market valuation techniques
has been toward choosing a well-defined public good and designing a survey
instrument for the valuation procedure. This process involves issues of
replication, 3/ bias testing, 4/ and methodol ogi cal cross-checks.@

These efforts have fallen short in several ways. First, the variety
of approaches have no common theoretical framework. Second, no acknow edg-
ment of the various characteristics of the good have been set forth
That is, the good “air quality” can have an aesthetic characteristic, a
health characteristic, plus others possibly. Thus a bid or value placed
on changing levels of air quality, where only a single characteristic such
as aesthetics is bid upon, will possibly produce a |ower bound estinate
Finally, the lack of a common theoretical framework has precluded designing
a survey instrument which obtains information for every individual,

?Pgﬁlugg a cross testing of various nethodol ogical approaches for valua-

The variety of approaches used to value public goods lack a conmmon
theoretical basis. \Wether the analysis enploys contingent, actua
observed behavior or nmarket prices, the results have been based on narrow

theoretical structures which have little relationship to others. That is,
the initial assunption sets are not identical and differing nodeling
structures further aggrevate the problem

Certain characteristics nust exist in a common nodeling structure,
such as the possibility of consunmer substitutions across activities and
sites, and nust include site or activity specific levels of environmental
quality. Individual utility can then be specified as a function of |evels
of activities, Ars o o AL L L Ay (where the subscripts denote either
sites or different activities for a gi'ven site) as a function of environ-
mental quality for each environnentally related activity or site
Qs « « «5Q4, . . .,Qn (where we take increases in Qj as increasing
environmental quality), and as a function of a conmposite commodity X
Uility is then a quasi-concave function

U(Al’ ¢ . -sAn; Ql’ Y -:Qn; X), (21)



where 90/0A; = U, > 0, 3U/3Q; = Uy > 0, and 3U/3X = U_ > 0 so utility is
increasing in Ai’ Qi’ and X. Of course, a number of assumptions on the

separability of U are obvious given environmental quality is related to
specific activities in the model. However, we do not pursue that issue
here. Rather, we focus on the form of an economic unit's marginal
willingness to pay for environmental quality.

The budget constraint necessary to specify the individuals optimzation
problemis given as:

n
Y-3 PA -X>0 (2.2)
=1 11

or income Y mnus the sumof expenditures on environnental ly rel ated

activities n

21 PiAi (Pi Is taken as the price of activity i which may, in
1::

fact, represent joint consunption of several market conmodities) m nus

expenditures for the conposite consunption commodity X (price is taken as

unity to sinplify the analysis)

For a given vector of environnental quality, an economc actor wl|
then choose to allocate his activities such that (2.1) is maximzed
subject to ~2.2) which in turn inplies that:

UZ Ui
T, P> (@ -P)A =0,A >0 i=1,2, . . .,n, (2.3)

or the marginal rate of substitution between activity i and the conposite
commodity X equals the price of activity i - if that activity is chosen
(Aj >0). W, of course, assume X > 0.

To determne the marginal wllingness to pay for environnenta
quality at a particular site, for exanple i =1, we set utility as given in
equation (2.1) equal to a constant and totally differentiate the resulting
expression. By then taking the total differential of equation (2.2)

setting dQ, = O for i * 1 and by using (2.3) we obtain
n dP U’
a - _ Y VI S (2.4)
dQ, j=1 1 dQ Uy

() ()

as the change in igfone necessary to offset a change in environmenta
quality at site |.~ Another expression for dY/dQ can be obtained sinp
by taking the total differential of the budget constraint, equation (2
again setting in =0 for 1 # 1):

|
2),



=1 23
1 Ql

(c) (d) (€)

presumng that the dAi/in are consistent with constant utility. Conparing
the two expressions for marginal willingness to pay inplies that since the
terns (a) and (c) in equations (2.4) and (2.5) respectively are identical,
that:

dA U’

i = _Q
P + = < 0, (2.6)
i dQ1 dQ1 Ux

[l =1

i=1
so the sum of the terns (d) and (e) in equation (2.5) are negative

The interpretation of (2.5) provides the basis for conparing various
met hodol ogies. If the objective is to determne the marginal wllingness to
pay for environmental quality dY¥/dQ., one obvious approach is to sinply
postulate in a survey instrument th%t Q, changes by a small amount, dQy,
and request informati'on on the contingent w'lTi'ngness of the individual to
accept conpensation for a decrease in quality or paynent to prevent a
decrease in quality. This direct approach, however, is open to questions
of bias, a topic we take up in Section 2.4

A second approach, which we termthe substitution approach, is to
assune that prices of activities do not change in response to change in
environnental quality. For many situations this may well be a reasonable
approxi mation.  For exanple, if an energy devel opment such as a powerplant
disrupts a recreation site, recreationists may respond by driving further
to other alternate sites. If no entrance fees are enployed or if such
fees are institutionally fixed, if driving costs, the price of gasoline
etc., and prices of recreation equi pment don't change, then the

assumption that dP, = 0 appears to be a good one. In that case the
narginal willingneSs to pay becomes identical to (2.6) above or
dA
dy n i dx
S =z p, X + & < o. (2.7)
dQ, 1= 1 9Q dQ,

VWere prices are known, estimates of the value of environmental quality can
be obtained enpirically by collecting data on dAi/dQ1 (the change in the

pattern of recreation activities in response to a change in quality), and on
dX'dQq (the change in expenditures not related to recreation activities).

O course, the change in environmental quality can be contingent, resulting
In changes in activities, or actual cross-sectional or time series data

can be enpl oyed where environnental quality varies over space or tine. In
any case, all studies to date focusing on substitution of activities or
commodities in response to changes in environmental quality that we are
aware of have assumed prices to be fixed



In contrast to the actual or contingent substitution approaches, the
hedonic approach, focusing on price effects of changes in environmental
quality effectively assumes both the allocation of some activities and
other expenditures is invariant to changes in quality (dA /dqQ, = 0, for
some i, and dX/dQ. = 0), but also assumes that all priceslothér than P_,
the price associa%ed with A and in turn Qi, remain fixed (dp4/dQ1 = 0,

Vi # 1). Thus, from equation (2.5):

Y dP1

dQ; 1.dQ,
As an exanple of this approach, consider a study which uses changes in
property val ues of homes near streans and | akes in response to changes in
water quality as a measure of the value of water quality inprovenents
Serious questions must be raised however, concerning the reality of the
assunptions that other prices and |levels of other activities are fixed
For exanple, if water quality deteriorates in a small |ake, |oca
residents may wel | substitute other recreation alternatives so property
values will not fully capture the willingness to pay for water quality

(2.8)

In summary, the marginal willingness to pay of individuals for
environmental quality can be determned as shown in our theoretical
context by three approaches. First, individuals can be directly asked to
provide their marginal willingness to pay: dY/dQ;. Second, assuning no
price changes occur, information can be collected on, dAj/dQ; and dX/dQ,
the substitution of activities and expenditures which occurs in response
to a change in environnental quality. Fromthis data one can inpute a
marginal wllingness to pay. Third, assumng the allocation of activities
and expenditures is invariant to a quality change and assumng all prices
but one are also invariant, the change in the single remaining price, dPq,
can be used to inpute environnental benefits. O the three approaches
the one which requires the fewest a priori assunptions and mnimal data
collection is the first, contingent valuations derived from survey instru-
nments. However, this direct approach remains to be systematically conpared
to other methods. The enpirical portions of this research attenpt to
address this situation.

One final point needs to be nade with respect to non-marginal changes
in environmental quality which require in turn that proper neasures of
willingness to pay as opposed to marginal wllingness to pay be utilized
for conparing alternative nethodologies. In the enpirical studies presented
bel ow, individuals were asked to bid on non-nmarginal changes in air
quality.  These direct non-marginal bids are then conpared to the changes
in property value which are associated with a simlar shift in environnmental
quality. \What then is the theoretical relationship between the property
val ue neasure of willingness to pay as conpared to the direct asking
approach? If we assune that property values capture the entire wllingness
to pay for clean air, then Figure 2.1 provides an answer.

In Figure 2.1 nonthly rent or equivalent monthly payments for owner
owned honmes is plotted on the vertical axis. On the horizontal axis we
plot air quality. Now, hedonic price theory inplies that if people
prefer clean air, rents should rise across a region (everything else

6



Figure 2.1

W lingness to pay Conparison for Property Val ues versus
Iterative Bidding Results

Rent / Mont h

AR {B{
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hel d constant) as the air quality inmproves. This results in the rent
gradient denoted by Rin Figure 2.1. Individuals with different preferences
tastes, over different levels of air quality will [ocate at different
points along R Thus, an individual Awth indifference curve |achooses
tolive in an area with poor air quality, A, and pay lower rent, while

an individual B who prefers clean air with an indifference curve Iswll
chose to live in an area with better air quality, A2 but nust give up
incone to pay the higher associated rent. How, if we ask individual B

| ocated at air quality level A2 how nmuch at the mpst he or she is willing
to pay to inprove air quality at that location to A3, the individual should
be willing to pay $B per nonth as shown in Figure 2.1. Note, however,

that if we conpare the rents of air quality at location A2to those at a

| ocation with inproved air quality, A3, equivalent to that specified in

t he hypot hetical question above, the rent difference is AR as shown in
Figure 2.1, which exceeds the bid B. This occurs because although the
rent gradient gives the same valuation at the margin as the bid, (the
indifference curve Iesand the rent gradient R have the sane slope at A2,
when non-nargi nal changes in air quality are enployed, the rent gradient
noves across individuals of differing tastes with respect to air quality.
In other words, the rent gradient may overestimte willingness to pay
because higher rents in clean air air areas are associated with especially
sensitive individuals and not with the general population. 8/ Thus,

al though as- we have shown in preceding argunments, property val ue studies
may underestimte marginal wllingness to pay, they may also overestimte
non-marginal or total wllingness to pay.

2.2 The Substitution Franmework

The anal ytical framework of the substitution approach is that of the
househol d production function approach to consuner behavior. Three
inter-related substitution approaches are possible to inplement. Al though
each approach contains enpirical characteristics which distinguish them
they are all the result of a single analytical structure. It is believed
to be very inportant to provide consistency checks within the overal
research effort and within, where possible, a single approach. As such,
each approach, although requiring a separate set of assunptions and
enpirical structures, should be able to generate substantially identica
outputs in analytical terms which can be conpared. The analytical structure
along with a description of the three sub-approaches will be presented
in general terns.

Specifically; this section discusses in detail the hedonic and
substitution approaches set forth in the contingent valuation framework
in the previous section (see equations 2.7 and 2.8). Cearly, considera-
tion of the approaches principally involves issues of replication. \While
the overal |l substitution framework is discussed, the reader should be
forewarned that no enpirical results are presented in this report.
However, the necessary data was collected as described below.  Thus, a
conparison between alternative approaches is forthconming. 9/

The essential elenments in the substitution framework are: (1) a
utility function (set of preferences); (2) a household technology; (3)
budget and tine constraints; 10/ and (4) the prices of marketed goods
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The econonmic agent is presumed to derive utility or satisfaction froma
set of characteristics which are produced within the user unit itself.
Inputs into the individual's production process are the market goods which
the individual purchases given the individual’s income and market prices
Anal ytically, the individual’s problemis that of maximzing a utility
function, UZ), which is a function of the vector of characteristics, Z,
subj ect to the user's technology, Z .- F(X), or means of transforning a
vector of market goods, X inthchaggcteristics, and subject to the
individual's income constraint, P"X =T, where P'is the transpose of the
vector of market prices and T is the individual s fixed income.

That is
Max U(z)
VA
s.t. Z=TFX
I=rpl (2.9)
The di nensions of this problemare perhaps best illustrated by way of
a two-stage optimzation procedure. The first stage of the problem woul d
be:
Min  Plx
X

s.t. Z = F(X) (2.10)

Here, of course, the problemis to mnimze the expenditures the individua
makes in producing a given vector of characteristics, Z. The Lagrangrian for

this problemis
L=PTx + A[Z - F(X)] (2.11)

where A is a multiplier. First order interior conditions are

L/3X =P - F'Y(X)A =0
_ (2.12]
3L/3A = Z - F(X) = Q
The solution to this systemof necessary conditions gives, first, a
system of input demand functions
X = X(p,Z), (2.13)

which are functions of prices and the fixed vector of produced character-
istics, and second, a vector of shadow costs, or hedonic prices for the
produced characteristics:

A = opxY/57 = B/F' () (2.14)

where X' denotes the optimal value of X.-:L—]l/
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In addition, the mninumvalue for expenditures is obtained by
mul tiplying the optimal demands for the inputs by their presumed fixed
input prices. The resulting function is known as a cost function, 12/
and it gives the maxi num expenditure to achieve a given output vector.

It is, of course, a function of input prices out, and the output vector
chosen

c(,z) = PTx(p,z) (2.15)

Note an interesting property of this function. The partial derivative of
the cost function taken with respect to the characteristic vector is the
marginal cost of producing the characteristic, which is the hedonic
price.

3C(P,2)/3Z = 3P X95z = A (2.16)

Here is the motivation for the enpirical studies utilizing what has cone
to be known as the hedonic price technique. The approach appears quite
sinple in that sinply relating observed expenditures on measures of
characteristics produces hedonic price equations when the estimated
relation is partially differentiated with respect to a characteristic.
The second stage in solving the individual’s problemis witten:

13/

s.t. I = c(P,z) (2.17)
Thi's probl em chooses that conbination of characteristics that the
individual will produce in order to maximze his utility subject to the
condition that his budget be exhausted.
The Lagrangian for this problemis:
L = U(z) + <«[T - C(P,2)] (2.18)

where M is a multiplier. First order interior conditions are:

dL/3Z = U'(Z) - 3C(P,Z)/3Z = =0

oL/ 9«

I-cC(P,2) =0 (2.19)

This solution to this systemof necessary conditions gives, first, a
system of characteristic demand functions

A

]

z(x, 1) (2.20)

which are functions of hedonic prices, A, since A = 3C(+)/3Z, and income,
and second the marginal utility of incomne:

« = 3U(Z)/3I (2.21)
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The dual to the problem solved in stage 2 is witten:

Min c(P,Z) (2.22)
Z

s.t. T = U(2)
The Lagrangian for this problemis witten:
L = C(P,z) + v[U - U(2)] (2.23)

and the necessary conditions for an interior optimm are:

dL/3Z = 3C(P,Z)/3Z - U'y = 0 (2.24)

/3y =T -U(Z) =0 (2.24]
Solution to this systemof equations yields income conpensated denmand
functions for the characteristics:

7k = Zx(A,0) (2. 25)

which are functions of the constant utility index and hedonic prices. In
addition note that since hedonic prices are functions of the market
prices of inputs, the income conpensated denand for the characteristics
can al so be expressed as functions of market prices and a constant
utility level. Furthernore, equations (2.25) could be substituted into
equations (2.13) to obtain income conpensated denmand functions for the
inputs as in-equation (2.26].

X* = X*(P,U) (2. 26)

It is also possible to define an expenditure function as the m ni mum
expenditure necessary to achieve a given utility level. The expenditure
function can be obtained by nultiplying the conpensated characteristic
demand functions by the vector of hedonic prices as in equation (2.27).

M(A,U) = ATZ*(2,T) 2.27

Simlarly, the income conpensated input demand functions mght be

mul tiplied by the vector of market prices in order to obtain an expenditure
function relating directly to input markets. However, since incone
conpensat ed demands for the characteristics were utilized in obtaining

i ncone conpensated input demands, and since hedonic prices are functions

of input prices, deriving the expenditure function with respect to
characteristics would be equivalent to deriving an expenditure function

| ooking at the input side.

Now that the basic anal ytical structure has been presented, each
specific approach will be outlined. Each approach is enmbodied in the
anal ytical structure and is distinguished by the point wthin that
structure at which enpirical estimtion begins and with respect to the
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information required to inplenent each approach. List 2.1 presents an
outline of each approach. The follow ng discussion will follow the
outline presented in this |ist.

The expenditure equation approach is primarily involved in estinating
hedonic prices and ordinary characteristic demand functions. The first
step in this procedure is to estimate a cost function, C(P,Z). This is
done by relating estinmated expenditures by individuals to individua
observations of characteristics, Z Note that since interest at this
point is only with obtaining estimates for | ,the hedonic prices, it is
not necessary to actually obtain information on market prices, P, in
order to obtain estimates of |.Partially differentiating the estimted
cost function with respect to each characteristic will provide I (“denotes
estimates, and i indexes a characteristic). !

In sinple cases, where the technology is nonjoint and |inear
honogeneous, C(P,Z) will be linear in Z [Pollak and Wachter, 1975]
However, when the technology is joint, it will be the case the C(P, 2)
wll be nonlinear in Z  \Wen this is true, differentiation of the
estimated cost function with respect to the characteristics vyields a
set of hedonic prices which are functions of the characteristics them
selves. It is therefore possible at this point to estimate individua
hedoni ¢ prices, Zik, for each individual user k in the sanple (see A3 in
List 2.1). Nowthat individual prices have been obtained, characteris-
tic demand functions can be estimted by relating individual observations
for characteristics to estimted individual hedonic prices and inconmes
(see A4 in List 2.1) 14/

There woul d appear to be at |east three problemareas in this
approach. First, it nust be noted that the procedure is estimating a
system of characteristic demand functions. Standard econometric procedures
suggest that the two-stage |east squares estimation technique be utilized
This procedure will yield consistent but not unbiased estimtes of
hedonic prices [Theil, 1971].

Second, an identification problemexists in that the data utilized
in the estimation procedures is simltaneously determ ned by supply and
demand considerations. 15/  Thus, even considering that there is a system
of demands to estimate,there is also a systemof characteristic supply
curves for which, unfortunately, it appears there is not enough informa-
tion to allow a solution to the identification problemto be devised. Wrk
wi || be undertaken on this problemin the hope of identifying an
addi tional set of information that could be obtained fromthe substitution
portion of the questionnaire which will allow solution of the identifica-
tion problem

Finally, there is sone apprehension with respect to the step which
estimates individual hedonic prices on the basis of individual characteris-
tic demands, and then turns around to estinmate demand curves using the
same information. This procedure seens to be somewhat circular, and may
seem sonewhat nore questionable in the case when C(P,Z) is estimated to be
linear in Z. In this case, howis the expenditure equation approach
able to estimte characteristic demand curves since there would be no

12



List 2.1
PROCEDURE  QUTLI NE

Expendi ture Equation:

L

Estimate C(P,Z) by rel ating expenditures to 2.

o~ ~
3C/3Z = A; C nonlinear in Z » A = £(Z).

~
Estimate A = f(zik) where k represents individual observations

ik
and 1 represents characteristics.

Estimate Z = Z(A,I) by relating Zi to Ai and Ii.

Expendi ture Function:

1. Estimate Z = F(X) by relating Z,£ to X, to obtain technology
for representative household. 1
2. Assume U(Z).
3. 1 and 2 » specific form for M(A,U) and Z* = zZ*(A,U), both of
which are derived.
Cost Functi on:
L. Estimate C(P,Z) by relating expenditures to Zi and Pi.
2. Define marginal rate of substitution between Zi and Zj’ as
= - 9C(P,Z) , 3C(P,Z) - -
Rij(z) 5% /| —=% and Ry, (2) R (2), 1=2,3, ..
i j
oR, oR
3. If Ri(Z) is continuously differentiable, and —= R - 1 R +

-
.

821 j 3z 1

dR, 3
37l - 321 =0, 1i, j=2,3, . . .,n, then U(Z) is the solution
3 i

z, + + R e o o+ = 0.
to d 1 RZ(Z)dZ1 3(Z)dZ3 + Rn(Z)dZn 0

From 1,Z = F(X) can be infepfgd in form by picking a Z and
graphing the isocost line C(Z,P) for different prices P'. This
procedure will trace out an isoquant.

From 3 and 4, M(A,U) and Z* = Z*(A,ﬁ) can be derived.
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variation in P? The expenditure function approach is primarily, involved
in deriving income conpensated characteristic demand curves. The first
step in this procedure involves estimation of the household technol ogy.
Information on the technology is derived fromthe substitution question-
naire. The nmethod by which the technology is to be estimated is to relate
i ndi vi dual observations on characteristics with individual input
observations. This will result in a representative househol d technol ogy
(B.1in List 2.1).

The second step in this procedure is to assunme various forns for
utility functions, UZ2Z). It is, of course, necessary to either obtain
information on reasonable utility functions or to assume forms for the
utility function in order to derive conpensated demand functions. Gven
autility function and an estinmated technol ogy, conpensated characteristic
demand functions are derived by solving the problemrepresented by
equation set (2.22) above.

There appears to be two major problem areas in this approach. First,
the necessity of having to assume forns for U(Z) weakens the approach in
ternms of believability and applicability. This approach could be
strengthened by estimating marginal rates of substitution between the
characteristics in order to limt the possible class of utility functions
which is consistent with the enpirical results. The second problemis
of course, an identification problemwth regard to estimating the
househol d technol ogy. The data observations which will be obtained from
the househol d substitution questionnaire will enbody both demand con-
siderations and technology since they are presuned to be equilibrium data
Again, additional work now nmust be initiated, providing an infornmation set
which will allow solution of the identification problem

The motivation for the cost function approach is increased generality.
By using duality theory [Shepherd, 1970; Uzawa, 1964; Hall, 1973
Diewert, 1974] in combination with the theory of integrability of demand,
[ Sanuel son, 1950; Hurwicz, 1971] it is hoped that fewer a priori assunp-
tions will have to be made in generating incone conpensated characteristic
demand functions. The first step in this approach is to estimate C(P, 2)
by relating expenditures to characteristics and input market prices, P
This is simlar to step 1 in the expenditure equation approach, except
that in that approach it was not necessary to include P in the estimation
procedure. Uilizing P in estimating C(P,Z) is necessary in this approach
if it is. to be later possible to identify the formof the household
technology (see C.4 in List 2.1]

Gven an estimated C(P,Z), it is possible to derive narginal rates of
substitution between the characteristics which can be defined as:

BC(P,ZZ
dZ
R, (2)=-_"1
J 3C(P,Z)

9Z,
J

(2. 28)
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Note that acag,z) I's nothing more than the hedonic price for character-
istic i. ﬁron%traditional consuner theory it is known to be the case

that the marginal rate of substitution between any two characteristics
wi |l be equal to the ratio of the characteristics prices at an optimm
Once Rj(Z) are calculated across all characteristics entering the

utility function, this approach turns to the theory of integrability of
demand in order to infer a utility function up to a nonotonic transforna-
tion from information about the marginal rates of substitution.

Defining Ry3(Z) = R, (Z) for i = 2,3, . . .,n, if the R, (Z) are
continuously differentia%le and if: 1

(aRi/azl)Rj - (aR.j/azl)Ri + (aRi/azj) - (aRj/azi) =0 (2.29)

i,j =2, . . .,n,

then U Z), up to a monotonic transformation, is the solution to the
foll owi ng equation [Hori, 1975].

dz, + R2(Z)d22 + R3(Z)dZ3 + ...+ Rn(z)dzn =0 (2.30)

| f one assunmes input-output separability, the utility-maximzing |evel of
Z does not change. The problemis then to find the dollar expenditure
necessary to maintain the given, utility-maximzing level of Z, which is

sinmply §C(+)/ fpublic good.

The fourth step in this approach is to derive the formof the
technology from C(P,Z). This is done by picking a Z or output level, i.e.,
| evel of characteristics, and varying the vector of prices. This
essentially causes variation in an isocost line. The envelope of such line
will trace out an isoquant and therefore provide information on margina
rates of technical substitution fromwhich the structure of the househol d
technol ogy can be inferred

Finally, now that both the structure of utility and technol ogy have
been inferred from C(P,Z), derivation of incone conpensated characteristic
demand curves can be derived fromthe problemrepresented by equations
(2.22) above.

This approach is quite general in that duality theory of cost and
production function have derived a series of propositions which hold
regardl ess of the particular formof the technology [Hall, 1973; Diewert,
1974]. This allows specification of a class of cost functions which are
reasonable forms for such functions to take. This not only sinplifies
enpirical estimation, since certain forms for C(P,Z) are not reasonable,
it also strengthens the enpirical results such that the possibility of
specification error may be |essened.

Al though this approach perhaps allows nore generality by not
I nposing a set of restrictive assunptions for enpirical application, the
approach concurrently requires considerably nore information which is
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very difficult to obtain. That is, it is necessary not only to know
expendi tures and quantities of characteristics, but prices nust also be

known.

Table 2.1 contains a sunmary of each approach, its information
requirements, and derivable results. The nost costly approach in terns
of information requirenents is the cost function approach, which nust
obtain information on the prices of input goods. However, the cost
function approach has the advantage of not requiring the assunption of
a specific utility function in order to obtain an estimated Z* = zx(a,T).
However, its exact specification limts the domain of possible forns of
utility functions. Such an assunption is crucial to the expenditure
function approach. The expenditure equation approach, while not
necessarily having to assune U Z), is aided by such an assunption because
it facilitates derivation of estimable forms for Z = Z(P,1). In addition,
derivation of Z* = z*(xA,u) cannot be obtained wi_thout a formfor UZ2).

In each approach it is possible to derive Z* = zx(A,U) which, of course,
will be where consistency of the approach is ultimtely to be tested.

Blank, et.al., (1977) set forth the basic nethodol ogy for
obtaining the necessary information for the substitution approaches. Three
steps can be delineated in this process. First, the respondent’s
initial situation is established. This is the current level of activities,
| ocations, and expenditures (fixed and variable). Second, the respondent
is presented with the contingency such as either an increase or decrease
in environmental quality. Third, the respondent is asked how, if any,
expenditures or activity patterns would change as a result of a change
in environmental quality. Steps 2 and 3 are then repeated. From this
information the analyst is able to performthe necessary estimation
procedures. The actual survey instrument enployed for this study wll
be described in Chapter IV.

2.3 lterative Bidding Techni ques

The iterative bidding technique involves a direct determ nation of
econom ¢ val ues from data which represent responses of economc actors to
contingencies posited to them via a survey instrument. Assumng that the
good under question is of the public good variety, the individual him
self has no choice as to the amount he consumes. Thus, of the four
H cksian measures of consuners surplus, only the surpluses are relevant
in valuing changes in air quality. The individual's problemis then one
of responding to proposed contingencies. Two types of responses can be
delineated: wllingness to pay (WIP) and willingness to accept
conpensation (WA). Thus the bid offered to the individual and the
subsequent welfare position for the WIP can be represented as

and for the WA as:

Qv =UQ,Y +Q, (2.32)

where U () is the individual’s utility function, Qis air quality, Yis
16



Table 2.1

Summary of Information Requirements and
Results for Each gpproach

Approach [nformation Estimte Assunpti ons Resul t
Expendi ture y? b z = Z(},I)
quation Z CP, 2 — e
u(z) z* = zx(A,0)
Expendi ture z _
unction X Z = KX u(z) A*(A,1)
a d
cost Y c(P, z) u(z)
Function P
z RijZ) Z = KX

Zk = z%(3,0)

a
Y denotes expenditures on market input goods.

b Relate Cto Z only.

c . .
In order to derive Z* = 2*(\,I), :it is necessary that a formfor U 2)
be assuned.

d Relate Cto Z and P.
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concave and B or C are bids made or conpensation received. Inherent in
the consunmer surplus measures represented in equations (2.31) and (2.32)
are the notions of initial position of the consumer (i.e. the current
situation) and the individual’'s rights structures in relation to the good
in question (i.e. the current level of air quality). Depending upon the
relationship of the individual’s initial endowrent (Y], position (Q),
the rights (either Q@ or Q, the delineation between equival ent and
conpensating surpluses for WIP and WTA can be set forth. Thus, the

H cksi an conpensating and equi val ent nmeasures are conceptual |y different
in that the reference welfare level is different. The conpensating
measure is defined as the anount of compensation, paid or received which
woul d keep the consumer at his initial welfare |evel assum ng the change
takes place. The equivalent neasure is the amunt of conpensation, paid
or received, which would bring the consuner to his subsequent welfare
level in the absence of the change. To this extent that the different

H cksian measures are enpirically different, except in the quite un-
likely circunstance that the two alternative quantities, Q@ and Q, of
the public good Q where Q is larger and ceteris paribus preferred

The four relevant neasures of value are the follow ng:

1. Willingness to pay to avoid Q'

E
WTPqr,y; QU Y, Q"
2. Willingness to pay to obtain Q"

C
P
VLY Q'L Y; Q"

3. Willingness to accept compensation and take Q'

C
My Qs @

4, Willingness to accept compensation and forego an offer of Q"

E
WTAqu,v; Q',Y; Q'

where the superscript E indicates the equival ent neasure, and C indicates
t he conpensating neasure, the first subscript specifies the individual’s
rights in terns of the bundle of goods (Q or Q) and his endownent of
the nuneraire, Y, the second subscript indicates the starting bundle of
goods and endowrent, and the third subscript indicates his final bundle
of goods after he has paid his WIP or accepted his WAL  H's fina
endowrent will be Y plus or mnus the amount he actually pays or accepts
respectively.

The four neasures of value bear the follow ng quantitative relation-
ship, in absolute value terms: 16/

C _ E
; QS WTAg ys vy @' T ey ot vse!

(2.33)

WTPE = WTP

C
Q',Y; Q',Y; Q" Q',Y; Q',Y
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How then are the relevant neasures to be obtained? The Randal |, et.al
(1974 a and b) study introduced several features which have for the nost
part been retained in later iterative bidding studies. “The hypothetica
market is defined and described in substantial detail

a. The alternative levels of provision of the air quality are
described in quantity; quality, location and tine dimensions verbally and
wher ever possible depicted in photograph sets to ensure uniform per-
ception across the respondent popul ation

b. A hypothetical market is created in a substantial degree of
institutional detail. Exclusive nechanisms are often expressly introduced
or alternatively the respondent is assured that all users of the good
will pay equally (e.g., through tax increnents, increments in the price
of associated services, or charges collected in special funds). The
nethod of payment, called the paynent vehicle, is specified and is chosen
for its feasibility, its famliarity to respondents, preferably as a
result of its customary use in simlar contexts in the real world, and
sonetimes for its policy relevance

C. The respondent reacts to prices posed by an enunerator
i ndi cating whether lie would, in a WP case, pay the price or go without the
good. The price is varied iteratively, until the price at which the
respondent is indifferent is identified. The procedure sinulates the
respondent’s typical market experience, where he is confronted with ;
specified goods at stated prices and nmust decide to buy or not to buy. ul
The iterative bidding process represents an attenpt to establish a
hypot hetical market having many of the features of existing markets
Chapter IV will discuss in detail the iterative bidding formt enployed
in this study.

2.4 Biases and Limtations of the Contingent Valuation Approaches 18/

Since the semnal article by Samuel son (1954), general agreenent
among econom sts suggests that any effort to value public goods will be
pl agued by the incentive structure facing individual consumers thus
encouraging them to msrepresent their true preferences. That is, the
consuner woul d believe hinmself to be better off by not paying for
provision of a public good while at the same tinme enjoying consunption
of the public good because others have paid for its provision. This
poi nt of view represents the classic argunment for why markets fail to
provi de public goods, and why val uation nethods are expected to revea
val ues that are biased

Certain specific concerns have been identified in pertinent litera-
ture that all contingent valuation studies nust address. These
concerns can be of the followng types: biased valuations resulting
fromincentives in the survey instrunent producing biased responses
and structural characteristics of the survey instrument inducing biased
responses. The former includes information bias, vehicle bias and
starting point bias. Let us consider the nature of each bias in turn
and its enpirical evidence to date.
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Strategi c Behavior

The substitution approach is an indirect method of eliciting willing-
ness to pay for the public good. It would not be expected that the
substitution game would be subject to problens of strategic behavior,
believing that the consumer has insufficient information on alternatives
to misrepresent his preferences. Even the consumer who may be perceptive
enough to realize that the nmethod is designed to infer values fromhis
pattern of activities would be unable to determine, with any accuracy,
the relative values that he is revealing by his pattern of activities.

The consuner could thus only confound, not bias the resulting valuation

The iterative bidding approach, however, is a direct valuation
met hod that would be expected to be characterized by significant incentives
to misrepresent true preferences. Strategic bias exists in reveal ed
val uations when the consumer attenpts to influence the outcome of the
val uation process by his announced valuation. The particular case of the
free-rider problem occurs when the individual underrepresents his bid,
hoping to pay as little as possible and still have the desired |evel of
the public commodity provided. Incentives for strategic behavior appear
to depend on the mechani sm by which the public comodity is to be provided.
In the context of iterative bidding for environmental quality incentives
to msrepresent preferences should depend on how an individual’s tax share
is hypothetically determ ned, on the individual's desire to have changes in
environmental quality, and on his belief as to the extent which others
desire to have changes in environnental quality.

In order to examine influences on strategic behavior in the context
of iterative bidding formats, a typical gane structure which has had
enpirical use [Brookshire, Randall, et.al., 1977; Blank, et.al., 1977]
will be discussed. The consumer is asked to reveal his willingness to pav
for changes in a public good given that, if changes in the provision -
|l evel are actually provided, the consumer will have to pay as his tax
share the nmean of all bids, as will all other menbers of the comunity.
Kurz (1974) discussed this game structure as his “Experiment 2.” He
argues that if consunmers act as though they are perfect conpetitors, in the
sense that they do not believe that their bid will influence the mean bid
and thus their paynent, then they will reveal their true valuations

In order to exam ne the incentives that a consumer m ght have
under this game framework, let us look at any one individual i. 19/
Assunme that there are n individuals in a comunity which is considering
changing the level of provision of environmental quality, Q to Q. The
cost of having all n individuals reveal their demands woul d be too
costly, so only k individuals are to be sanpled on their preferences
for CY Let £ denote the nunber of individuals sanpled before individua
i, and m denote the nunber of individuals sanpled after i. The follow ng
notation will be. used:

B,
J

B

bid revealed by individual j (j 1,2, . « % 2 <k ~1)

bid revealed by individual h (h

1,2, . . .,mym=k~ 2 ~1)
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=~}
]

bid revealed by individual i

individual i's true hid

=]
"

The mean bid for the total sample can be represented as:

.. m ) A
B, + B + B,
k

F =4

The mean bid for the sanple prior to the bid by individual i is:

™M

. B
1 4
L

I

"_j ]
B, = (% sk - 1). (2.35)
Assune individual i is asked to reveal his bid for Q. He is
informed that he nust pay the eventual nean bid as seen in (2.34). A
reasonabl e assunption about i's nmotives would be to suppose if he
desires Q, and if individual i desires to play strategically for a leve
of Q', he will attempt to influence B to be equal to Bj, his true bid.
Certainly no attenpt woul'd be nade to influence the outcome such that
B > By occurs |f individual i knew that he was the final bidder and that
the nean for the sanple before he was sanpled was as in (2.35), then he
woul d determine his hid to be:

&

B, = kB, - jil By (0= k-1 (2. 36)

However, only one individual i could ever be so fortunate to know the
mean of the sample thus far and be the |ast bidder.

If individual i is not the last individual, he would have to know g,
2 m -
m, and (I B, + I B ) in order to bid strategically to set B =B . In
=t 3 g1 B L

case he had such information, he would determine his bid to be:

(2.37)

. (& +m+ 1)B,
B, = =

i L m
I B, *t I B
j=1 1 n=1

This is a great deal of information to have available. Perhaps individua
i could ask to be given Bj before he would make his bid, but there would

m
be no way for him to know I Bh’ even if he were also told m. The
h=1
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point is, a great deal of information is needed for any individual
to be effective in strategic bidding under this paynment framework
assumng of course that the individual would desire the sanple nean
bid to represent his true bid.

What if individual i wanted to be a free-rider and wanted to pay
pothing for @Q? |If he bids zero, what does he gain? He risks pulling

B down sonmewhat, perhaps even jeopardizing acceptance of Q, and still if

Q were accepted he will have to pay some positive anpunt. Perhaps
individual i “succeeds” in paying |ess, but he cannot be a free-rider in the
true sense.

VWhat this discussion has attenpted to point out is that this type of
iterative bidding structure inplies information requirements far too
great for any individual to effectively bid strategically. In the face
of such information requirements, it would appear reasonable for the
individual to reveal his true bid. 20/ Note that individuals can
msrepresent their bids, but they could not be certain as to the extent
they would be acting in their favor (whatever they perceive that to be),
or whether their actions could really alter the outcome for B perceptibly.
In other words, consumers would have the "incentives" to behave as perfect
conpetitors when confronted with this bidding framework

Anot her reason for discussing this particular bidding game experinent
Is that Brookshire, et.al., §1976)l and Blank, et.al., (1977), have used
this framework to test for strategic behavior. Both studies were
attenpting to place a nonetary value on changes in environmental quality,
whi ch was defined in terns of changes in visibility resulting from changes
in emssions from coal-fired electric generating plants. Both. studies
concluded that strategic bias was. not evident in the sanple data generated
where the consumer was told hee would have to pay the mean of the sanple.
Further, Blank, et.al., (1977) specifically devel oped a set of bidding
formats that attenpted to provide the consumer with information that he
mght use in bidding strategically. Specifically, individuals were
allowed to reveal their bids, but were then told that the nean val ues
based on other studies in simlar comunities was $X. The individuals
were then allowed to revise their bids. Only one out of every 40
individuals revised their bids.Even given additional infornation that
woul d be potentially useful in fornulating strategic bids, the consuners
did not revise their bids. This suggests the absence of strategic
behavi or tendenci es.

A nunber of other studies provide enmpirical information on the
existence of strategic behavior in revealing the valuation for public
coomodities . Bohm (19.72] utilized an experimental approach which forces
actual payment for the publicly provided commdity (public television).
Bohm s conclusion was that strategic behavior was an insignificant part
of this experinent. However, in a hypothetic context he did discover
significant strategic bias in elicited bids.2l/ An interesting attenpt
at examning strategic behavior and nechani sms designed to dispel
motives toward such behavior was that of Babb and Scherr 1975). Babb
and Scherr used an experimental setting and three alternative mechanisns
to reveal the valuation for two publicly provided commmodities: a concert
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fund and a library fund. They utilized the Carke tax mechanixm a |ess
fam |iar valuation mechanism associated with Loehman and Winston (1971),
and a "control™ mechanism in which the individual would pay his actual bid.
The third mechanismwas called a “voluntary” mechani smand was the contro
mechani sm because strategi c behavior was expected to be present under
such a system Babb and Scherr found little evidence supporting the

exi stence of strategic behavior. In fact, the |owest valuations tended
to be generated under the O arke tax nmechanismrather than the voluntary
mechani sm as woul d have been expected. 22/ In debriefing sessions, it

was discovered that very few individuals attenpted to free ride. The
respondents indicated the following reasons for not being a free-rider:
(1) feeling of being cheap; (2) funds were worthwhile; and (31) altruistic
reasons. This set of enpirical results is consistent with recent

conj ectures by Johansen (1977) and Smith (1917) as to why the free-rider
probl em may not be of the inportance traditionally attached to it by
econom sts

It is not being suggested that strategic behavior may not generally
be a problemin the valuation of public comodities. The enpirica
evidence to support such a conclusion is really not available as yet,
although it could certainly be considered suggestive. However, contingent
val uation nethods, especially properly structured bidding formats
seemto provide a reliable framework within which to reveal values for
public conmodities. These methods, at least in the studies to date, are
not plagued by the problem of strategic behavior.

Vehicle Bias

Iterative bidding formats, unlike the substitution approach, require
sonme form of payment mechani sm by which the good in question is val ued.
Early studies of the iterative bidding process, [Randall, et.al., 1974],
suggested the need for a realistic payment mechanismto nechanistically
create a market. Devices enployed to date have included entrance fees,
tax structures and utility bills as a form of paynent,

Essentially; vehicle bias arises when the valuation results
denmonstrate that either the mean bids or the nunber of protest votes
varies significantly across vehicles. Reasons for this type of result
lie potentially in the respondent interpreting the vehicle as anything
but a form of payment. A manner of misinterpretation is when the
vehicle itself represents a change in the rights structure facing the
respondent. In this case the responses could be a confounding between
a dollar estimate of the public good in question and a “vote" via dollar
amounts on the proposed rights or institutional change

Addi tionally fromeconom ¢ theory, an individual’'s substitution
possibilities associated with. alternative payment nechanisms are different,
Wien a paynent vehicle allows the individual to substitute over a wider
range of current conmodities purchased, then the bid should be higher or
conpensation should be related to adjustnents in disposal incone or
weal th, where the individual has the greatest latitude for potentia
substitution. Practically, however, a believable payment mechani sm
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related to incone adjustment cannot, in general, be applied. For
exanpl e, surveys are often taken at recreational sites away fromthe
recreationists' locale or state. In this case, a wage tax (or incone
conpensation) may not be viewed as realistically payable by the
recreationist. Thus, there is a tradeoff between accuracy associated
with a less than ideal nethod of payment and the believability of the
vehicle for payment or conpensation. The reduction in substitution
possibilities for a nore believable payment vehicle is likely to reduce
the contingent expenditure or increase the contingent conpensation
estimte

Randal |, et.al., (1978), Brookshire, Randall, et.al., (1977) failed
to observe vehicle bias at statistically significant levels. However

Blank, et.al., (1977) did report the existence of vehicle bias.

Starting Point Bias

The contingent val uation approach comrences w th questions on paynent
(and/ or conpensation for hypothetical changes in environnental attributes.
I't has been found in nost sanple surveys that it is better to ask the
recreationist (or any type of interviewee) a question with a “yes” or
“no” answer than a question requiring explicit calculations [see Randall,
1974; Brookshire, et.al., 1977]. It is presunmed the recreationist can nore
accurately respond to the yes/no question franmework, although to our
know edge this proposition has not been analytically tested for responses
to contingent valuation questions. Gven the proposition that yes/no
responses are desirable, it is necessary to suggest a starting bid or
mnimal level of conpensation. The potential bias arises with starting
points fromat leas-t two possible sources. First, the bid itself may
suggest to the individual the approximate range of appropriate bids
Thus, the individual may respond differently depending on the magnitude
of the starting bid. Second, if the individual values tine highly, he
may becone “bored” or irritated with going through a |engthy bidding
process. I n consequence, if the suggested starting bid is substantially
different fromhis actual wllingness to pay, the bidding process my
yield inaccurate or only roughly approximate results. The effect of these
two types of starting point biases may substantially influence the accuracy
of contingent valuation and therefore the useful ness of the approach for
assessnent of preferences.

Several studies have explored whether starting point bias exists
[Brookshire, Randall, et.al., 1977, Thayer and Schul ze, 1976; Randall,

et.al., 1978, Blank, et.al., 1977]. Only in Blank, et.al., (1977]
has starting point bias been observed in the valuation results

Limtations in the Structural Characteristics of the Contingent Franmework

Let us turn to the possible confounding of the iterative bidding
process stemmng fromthe structural characteristics of the contingency
framework. 23/ These problenms have in the past been terned hypothetica
bias problens. Essential to the contingent framework is a clear,
conci se survey instrument incorporating the points made earlier. Not
only must it fulfill certain requirenents fromthe economst’s
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perspective, but the public commodity nust be defined in cognitive and

conprehensive ternms. |If these requirements are fulfilled, there remains
a question of how contingent a contingency can be set forth to a
respondent and still receive a valuation response that is dependabl e and

interpretable. This potential problemcan be viewed in terns of
rights and initial endowrents as presented in Section 2.3

Iterative bidding processes propose contingencies to individuals,
often in terms of proposed reallocation of rights or increasing the price
of maintaining an existing right. However, survey instruments to date
have typically proposed small changes in the rights structure or in the
price of maintaining existing situations

Psychol ogi sts, A zen and Fishbein (9771), have specified the
condi tions under which behavioral intentions should predict behavior.
The behavioral intention and the actual behavior should correspond, in
terms of the action, its context, its target and its tine frane. The
iterative bidding format neets these conditions remarkably well. The
only major problens that may be expected to arise relate to context: if
the context in the bidding format departs fromthe policy context in
the real world, one may expect sone difference between stated behaviora
intention and actual behavior. This provides a warning for researchers
who want their data to be predictive. On the other hand, it introduces
a mpjor difficulty in evaluation and validation of the results of
contingent valuation efforts. Lack of correspondence between stated
behavioral intention (e.g. “I would sacrifice for clean air”) and actual
behavior {e.g., | drive an old clunker w thout em ssions controls)
is often explained by differences in context. That is, in the real world
there is no effective market in which one can directly obtain cleaner air
without the cost of some increase in notoring expenses. Qpportunities to
treat contingent valuation data as testable and thus refutable hypotheses
are hard to find.

Wiile one of the inportant advantages of contingent valuation
techniques is that they pernmt exploration of new and different situations,
there are some linmts to their value for this purpose. Extrenely large
departures fromknown and fam|iar contexts nmay inpede cognition and
conprehension, reduce the credibility or plausibility of the hypothetical
market, and in extreme cases, introduce an elenment of confusion in the
interpretation of responses.

For instance, if a large change in endowents or rights was proposed
yet the contingency is still anchored in the existing rights and endownrent
structure, a change in the individual’'s production relationship would nost
likely require readjustnment. This question would then arise as to the
production relationship or the subsequent one served as the basis of
valuation. Further, is there a relationship between the two val ues or
are the two valuations fromthe contingencies nonconparabl e?

The problem that arises in choosing which. value or discerning the

linkage, given the contingencies were anchored in the existing rights and
endowrent structure, is that, in the large contingency case, a reallocation
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of fixed equi pment expenditures would seemto be necessary to validate
the response to the proposed contingency. That is, by posing a large
contingency change, the individual is forced relative to the small change
into possibly a costly exchange. It is reasonable to assume that, faced
with a charge of $20-.$50 in a utility bill, the respondent may be able

to make adjustnents in disposal income easily, but it is difficult to
envision such a process taking place when faced with a $1,000 adjustnent.

Setting aside issues of partial versus general equilibrium adjustments
and exchange costs, one nust ask the reliability of a proposed contingency
which is not readily linkable to the respondents existing endowrents and/
or rights structure. Under these circunstances, an extreme contingency
anchored yet far renmoved fromthe initial endowrents and rights may induce
disorientation in the bidding format and thus in the bids. The bid could
be “noise,” or a “vote” on the contingencies thenselves much |ike certain
vehicles elicit a “vote.”

In fact, iterative bidding frameworks to date have assuned inplicitly
zero exchange costs. Current iterative bidding processes have relied
on a partial equilibriumframework and assuned that the proposed con-
tingencies had an effective zero exchange cost. Leaving aside how a
general equilibrium iterative bidding format mght be designed, the current
processes arrive at a value that is not necessarily "true." 24/ However,
the current iterative bidding practitioner merely takes refuge in the
standard assunptions of benefit-cost analysis and assumes a partial
equi l'i brium frameworKk.

Setting aside the general equilibrium bidding problem and exam ning
briefly, as sinply as possible, the effect of exchange costs on bids, the
Bradford bid curve framework inplicitly assumes a world of frictionless
contingent markets, and thus a bid is void of any exchange costs
However, when large contingencies are proposed, the assunption that a bid
is void of the potential exchange costs becomes unrealistic. To exam ne
the effect of exchange costs on a Bradford bid curve, let us assunme the
following sinple utility relationship:

UEY) = UE Y-B2),

where E is the public good, Y is incone, Bis the bid, and Z is exchange
cost associated with a contingency. Assuming Ue> 0; U > O the derived
bid curve is

B = 2 + by(E' -~ E) - bE'Z
(BE' + c) ’

if Z = f;AE), where £' > Q and £' > Q, then 3B/3Z < Q where b > Q and

c > 0.23 Thus, as the proposed contingency is further from the initial
endownent or the existing rights, B decreases as Z increases. |If B
represents the respondent's bids in a frictionless world of zero exchange
costs, the greater the underestimte of the aggregate bid wll be, the
greater is z
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Randal |, et.al., (1974b), Blank, et.al., (1977), and Brookshire,
Randal |, et.al., (1977}, using iterative bidding techniques, and Hammack
and Brown (1974), using open-ended questions, found differsnces between WP
and WIA nany tines greater than those predicted by equation (2.33). In
addition, many respondents were sinmply unwilling to respond to WA
questions, preferring instead to make a statement to the effect that
"there is no amount of conpensation |arge enough . " This seems to
be another case of the context correspondence problem whereby the initial
rights and endowrents as well as the termnal rights and endownents are
far renoved from the existing situation.

Since consumer surplus measures are tied to initial rights and
endownents, it is plausible to argue proposed contingencies and thus
bids nust be anchored in the existing rights and endowrent structure to
be reliable. In this case, a person's responses to a contingency are
path dependent in that previous experience and preferences “direct" the
response. Thus, if the individual isin a state of the world, SoTw®,
whereby the preference set is formed by t-1 experiences, responses to
contingency will be forthcomng from the perspective of tastes, production,
and exchange costs of SOTW", For smll contingency changes, the individua
may view the adjustnent as costless and enploy "famliar" preferences
In answers.

However, some bidding formats to achieve certain surplus neasures
pl ace the respgndent in contingencies that are not a small deviation
fromsone S to sone reasonable close contingency but which in fact
represents a discrete novment to a SOTW®, |n this situation the
individual has no realistic t-1 experiences to draw upon. Furthernore
a confounding mght arise in that responses that will be forthcom ng
mght rely upon the SOTW i nformation. Now this potentially wll
present a confounding because there exists no a priori reason why tastes
and exchange and production costs are necessarily identical or even map
in a systematic manner into a SOTW® relative to a SOTW®, In this case
there is no basis to assume that Breferences are also identical. The
contingency posed in terms of SOTW" is possibly being answered in terms
6f information from SOTW" with no reason to assume the information is
relevant in terms of posited contingency based on the SOTW®. Thus,
where the payent of conpensation is not customary in the real world and
the rights in the real world are opposite to those posited in the
hypothetical market, answers to WTA (or SOTWB) questions seem highly
unreliable.

Finally, wrpE questions also may not be immune from context
correspondence difficulties. Questions asking wllingness to pay to
avoid a threatened welfare | oss may generate some responses protesting
the inposition of the welfare loss, if that inposition is seen as
violating either the existing structure of rights or the respondent’s
perception of what is right in the sense of being "ethically proper.”
Again, a subset of respondents may interpret the question as an opportunity
to vote “no” to a referendum on the threatened inposition of the welfare
| oss, rather than a conmand to indicate what adjustnents would be made
to the threatened narrowing of the opportunity set.
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Iterative bidding studies have recognized the possibility of protest
votes arising from objections to context, whether it be a change in rights
or a welfare loss. However, identified protest votes may be only the
beginning. It is possible that a bidding format which generates a high
proportion of identifiable protest votes may also elicit responses which
are biased downward. Bidding formats which elicit a high proportion of
protest votes should be screened out at the pretest stage.

The above consi derations suggest that, a griori,WTPC questi ons,
whi ch introduce a hypothetical market in which the respondent can buy
improved situations not currently provided and not expected to be

provi ded free of charge, MRy be con3|dered the nost prom sing within
lints. Pretesting of WIA“ and WrPE questions is highly important, with
hi gh incidence of protest votes and unexpected differences between the
means obtained and the mean responses to WIPC questions being indicators
of context correspondence problenms. In this respect, the existence of

a rigorous nethod of deriving the expected differences between alternative
val ue neasures, as presented in equation (2.33), is of value. It provides
a test of the null hypothesis that actual differences do not differ from
expected differences, and a nethod of deriving, where necessary, the
policy relevant value neasure fromthe measure which provides the nost
accurate enpirical data. How is the latter neasure to be identified?

[t is the nmeasure which is derived fromthe hypothetical market which
exhibits the highest degree of context correspondence. This answer is

not entirely satisfactory, since it is based on the notion that the best
met hod guarantees the best results, rather than a rigorous test of the
results as refutable hypotheses.

Let us reiterate that contingent valuation techniques have severa
distinct advantages. over the alternative nmethods which are available for
the valuation of non-market goods. Contingent nmarkets minimze transactions
costs, permt “trade” in non-exclusive and public goods, and generate data
inaformtotally consistent with theoretical nodels of valuation for
public goods. The use of contingent markets introduces the possibility
of a variety of influences which may bias or otherw se distort the
resul ts obtained.

VW are of the opinion, supported by considerable but admttedly
i nconcl usive evidence, that these distorting influences are not endemc
to well designed contingent markets, and that careful pretesting wll
expose poorly designed contingent markets. Neverthel ess, we recognize
that, for the very same reason that contingent valuation techniques are
used (i.e., the absence of observable markets in the good under study)
testing of contingent valuation data as refutable hypotheses is usually
not possible.” Replication, however, is possible using the sane nethods
with different sanples or several different conceptually sound methods to
val ue the same good. Replication, while unable to provide conclusive
evidence of validity, is to be encouraged and the results of replication
attenpts thus far are encouraging, cf. Randall, et.al., (1974a and b),
and Brookshire, et.al., (1976).
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2.5 Advantages in Using Survey |nstrunent 26/

[ ntroduction

Contingent val uation approaches are soundly grounded in economc
theory, however, a major point of contention among econom sts has been the
use of survey instrunments for gathering data. 27/ An additional area of
concern has been whether individuals exhibit strategic behavior when
responding to survey instrunents. In spite of practically no enpirical
evidence to support the existence of strategic behavior by individuals
when responding to a survey instrunment about environmental and aesthetic
phenonena, econom sts have expended enormous intellectual energies in
devising ways to cause individuals to reveal their behavior and their
preferences truthfully when responding to questions about these and other
non- nar ket ed goods. 28/ perhaps because of their conplexity few of these
devices have found their way into actual survey instrument construction.
Nevert hel ess, the sheer volune of papers devoted to the issue of obtaining
accurate revelations of preferences for non-marketed goods gives weight
to any assertion that economsts distrust enpirical results based on data
generated by survey instruments

The purpose of this section is not to debate the reality of strategic
behavior or other biases. Instead, the intent is to raise the possibility
that economsts, by their near-exclusive devotion to the strategic
behavi or problem may, at their own apparently unrecognized cost, have
negl ected many of the analytical and enpirical advantages to be reaped
through the use of survey instruments. That is, they may have concentrated
on the costs while disregarding the benefits.

Need Survey |nstruments be Hypothetical ?

From (1968) and many other econom sts strongly believe that
hypot heti cal questions generate fictional and therefore inaccurate
answers.  These inaccuracies, if one judges by the relative literature
emphasi s, are caused by incentives the individual has to give untruthfu
answers. The incentives stem from the perceived advantages which woul d
be accrued to the individual if he behaves strategically. One knows,
presunedly, that the answers are untruthful because the individual’s
observed behavior and the preferences this behavior reveals are often not.
consistent with the indivdual's statenments about his preferences. [|f one
believes that hypothetical statements are imaginary (fictional), then he
woul d hardly be surprised by these discrepancies. Another interpretation
I's, however, possible.

The dictionary defines a hypothetical proposition as a conditiona
proposition, i.e., an “if X then Y* statenent. A hypothetical question
woul d then be a conditional statement in the subjective mood, an “if X
were . . ., then . . .?" statenent. In a survey setting, the hypothetica
question is posed by the interviewer to the respondent; the respondent
then states how he intends to behave in the posited situation. Thus, for
exanple, as is frequently done in surveys, the respondent m ght be
shown a nunber of pictures of different |andscapes and be asked his
expectations about his budget and/or time allocations for each of the
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depicted |andscapes.

Fornmal Iy, the problemset before the respondent seems no different
than the probl emhe faces when he plans on the basis of a weather
forecast to spend tonorrow afternoon at a picnic. The respondent’s
ultimately realized activities and his planned activities are neither
i nstantaneous nor coincidental. |f an updated forecast is received that
alters the expected weather, |ie may change his plans so that he spends
only enough time at the picnic to each lunch. Realizing that meteorology
I's an inexact and conditional science, he will be prepared to change his
plans again on receipt of new information.

It would indeed be surprising then if frequent discrepancies did not
occur between responses to hypothetical questions and eventual |y observabl e
behavior. The answer provided to a hypothetical question is tentative and
contingent, just as the potential picnicker's plans are tentative and
contingent. Both the picnicker and the respondent will|l adapt their
pl ans according to the information they receive and the changes in their
circunstances. The key point is that the contingent answer is stil
acceptabl e given the well defined circunmstances that were presented to the
respondent. The question of inaccuracy is not whether given a change in
circunstances the observabl e behavi or pattern changes but whether the
contingent answer can be observed when the defined circunstances have not
changed. Only if the answers relate to the past rather than intended
behavior will a sinple conparison of answers w th actual behavior suffice
to ascertain the accuracy of the answers. CQtherw se, one nust explain how
the individual responds to new information and circunstances in order to
perform the conparison.

Even if the previous argunent is accepted, the question remains as to
how contingent answers fit into the consumer’s surplus framework. This
framework provides the anal ytical engine by which econom sts attach
val ues to non-marketed goods

Assuming for simplicity that the respondent’s demand for an activity
I's weakly conplenentary in the non-marketed good of interest, it is easy to
illustrate the relation between a hypothetical environmental or aesthetic
state and consuner’s surplus. 29/ In Figure 2.2, participation in the
activity with which the non-marketed good is associated is assumed to have
an invariant opportunity cost of p. This opportunity cost is independent of
the level of availability of the non-marketed good. The D curve in
Figure 2.2 gives the individual’s incone-conpensated demand function for
an activity, A averaged over all possible levels of the non-marketed good
For exanple, A mght be a fishing activity and the non-narketed good
m ght be atnospheric visibility.

The ability to see distant nountains fromthe fishing location is
assumed to enhance the utility obtained from the fishing activity. As
shown in the figure, the efficient plan for the individual with no
forecast of the availability of the non-nmarketed good is to | ook forward
to undertaking the activity at |evel aohég/ At this level, the marginal
value he attaches to an additional planned unit of the activity just
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Figure 2.2

Effect of An Inprovenment in Information
on Consuner’s Surplus
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equal s his opportunity cost. The consuner surplus he expects to obtain
fromthe activity, once he actually participated in it, Is the area

above the opportunity cost line and beneath the demand function. In short
the area under the “average demand” function D, is the individual’'s

mat hemat i cal expectation of the valuation he will attach to his planned
activity levels, once realized

Now suppose the individual receives additional information about the
availability of the non-marketed good. Again for sinplicity, assume that
the additional information will indicate whether the atnosphere wll be
clear, C or nurky, M on the day he plans to undertake his fishing
activity. The manner in which the fisherman will revise his estimtes
about the probability of clear or murky conditions can be described by
Bayes' (1764) rule. 31/ For instance, 1f the inproved information predicts
clear atnospheric conditions, the fisherman’s_subjective evaluation of his
average conpensated demand function will be (D|c). The level of the
activity he will then plan to undertake will increase to ag. Mor eover
the area (b-d-e-f) gives the increase in expected utility rf “clear”

Is the forecast of atmospheric visibility. Simlarly, if the forecast
is “murky,” the fisherman's expected utility level wll be reduced to a
and the area b-d-h-g) gives the loss in expected utility due to the
forecast.

M
0

In essence, the consunmer surplus an individual expects to obtain from
the availability of a non-marketed good can be extrenely sensitive to the
state of his information about this availability. It is this expectation
that determnes his commtnent of resources and time -- his observable
behavior.32/ Customary treatments of consuner surplus refer to the
surplus an individual obtained from actually participating in an activity,
given (inplicitly) his state of information at the instant of the actua
participation decision. Hs information at this instant need not be
conpl ete. Wen dealing with a hypothetical situation involving a public
good, the consuner surplus measure refers to the value the individua
expects to obtain. This decision is dependent on the state of information
about the availability of the public good at the time he is deciding
whether to participate in the activity. The former situation refers
to the surplus associated with D; the latter situation refers to surpluses
associ ated with demand functions simlar to (D|c) and (D|M). Expect ati ons
can, in principle, be equally disappointed or fulfilled with D:as wth
(D|C) or (D|M). The substance of consumer surplus is not at all altered
by increasing the possibility of information acquisition. This disn ssa
of the use of survey instruments because of their hypothetical nature
seens |ittle nore than an insistence that reality conform to analytica
habit and convenience of the econom st

Survey Instrunments and Benefit-Cost Anal ysis

By attributing discrepancies in stated and realized choices solely
to strategic behavior, economsts, as the preceding discussion argues, my
have often msconstrued the meaning of data acquired by survey techniques.
In addition to strategic behavior and the acquisition of information,
there exists another and potentially nmore inportant reason for these
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di screpanci es: for non-marketed goods, the hypothetical world circum
stances posited in instruments differ fromthe circunstances in the
world of observable behavior. In this subsection, it will be argued that
the circunstances in the world of the instruments correspond nore

closely to the analytical foundations of benefit-cost analysis. That is,
data gathered by survey instruments may often, for non-marketed goods

be nmore consistent with economc theory than is data generated by
observabl e, realized behavior

Benefit-cost analysis is an attenpt to ascertain the quantity of
some nuneraire (i.e., current dollars) that the gainers and |osers from
sone proposed public investment will consider equivalent in value to their
respective gains and losses. The price structure, where price is a
sufficient neasure of social as well as private value, represents the
only terms with which the world with or without a public investnent is
evaluated. Prices, as generated by nmarket exchange and adjusted in
proportion to excess demand, enbody all relevant information about
relative economc scarcities and are a sufficient means_of allocating
resources of their socially nost highly val ued uses. 33/ The benefit-
cost analyst is trying to ascertain what individuals are willing to pay
and/ or would have to he paid for the public investnent in a world
where markets are pervasive

If realized nmarket behavior is used as the data base to establish
these valuations, the analyst uses propositions from economc theory for
two purposes: 1) to infer what the price structure would be in a world
of pervasive markets; and (2) to reason fromthe pervasive market price
structure to the inplied consumer valuations. \When survey instrunment
responses are enployed for the data base, the first step can be avoi ded
if the conditions posited in the instrunent correspond to a world of
pervasive markets. One might reasonably question whether the conditions
corresponding to a world of pervasive markets are sufficiently close to
a respondent’s experiences to be neaningful to him This justifiable
doubt nust be weighed, however, against the difficulties of carrying
through the anal ytical exercises. necessary to construct a pervasive
market price structure frominitial know edge of the price structures. of
a world where nmarkets for many goods are not pervasive. The way in which
this difficulty is customarily avoided when using observable, realized
prices is to assume (for sinplicity) that the observed prices correspond
to those in a world of pervasive markets.

It is a relatively easy task to construct exanples that make apparent
the difficulties of reasoning to pervasive nmarkets from observations on

non-pervasi ve markets. Consider costs of exchange, a phenomenon present
whenever val uable resources (e.g., time, information, |legal and police

services, etc.) must be expended to perform the exchange process

In Figure 2.3 the individual’s initial endowrent of Yiand y2is at Q
Wien exchange processes beconme costly, the individual’s budget constraint
will vary according to his initial endowrent. This is because the costs of
the act of exchanging Yifor Y2differ fromthe costs of exchanging Y2 for

Yi. For exanple, fromthe perspective of a single individual, the cost of
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Figure 2.3

Effects of Costly Exchange
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engaging in a transaction in which he is to exchange autonobiles that he
owns for clean air may differ fromthese sane costs in a transaction where
lie is exchanging clean air for automobiles. |f the exchange act is
costly, an initial endowrent of Q inplies a budget constraint of VQ,
whereas if the exchange act is costless, the budget constraint is MW

the customary form which is an integral part of derivations of demand
functions and their associated consumer surpluses. Wen th% |nd|V|dua
conpletes his exchanges during the period, he will select Yj and Y2 as an
optimumif MMis operative. |f VQV is the operative budget constralnt

he will select Y{ and Y. |f some point on MM other than Q constitutes
the intiial endownent, costly acts of exchange will mean that a budget
constraint different fromeither VQV or MM may be operative because the
costs of exchange acts may differ by the relative quantities of the goods
in the initial endowrent as well as by types of goods. Thus, the

i ndi vidual *s budget constraint may vary according to the formin which his
initial endowrent was accunul ated, although. the market value of this
endowment may be identical for many combinations of Yl and Y,. Since costs
of the exchange act differ’ according to the original »¥5) combination,
each combination will result in a different and general%y nonl i near budget
constraint. It follows that, from the individual®perspective, a dollar
IS not an invariant pecuniary measure. Instead, the subjective value of
an additional dollar depends on the formof the income change, i.e., on
the good in which the increment is enbodied. Moreover, it appears that
realized market behavior is dependent not only on noney incomes and
relative prices of goods, but also upon the combination of goods the

i ndividual starts with and the relative and absolute costs of exchange

‘associated with those goods. These costs of exchange acts are probably

neither trivial nor simlar across individuals.

The huge suns spent on industries (law, mddlemen, etc.) whose major
or sole purpose is to facilitate exchanges attests to the non-trivialness
In addition, if exchange act inputs, including native intelligence and
training, are not distributed equally across the population, and if these
i nputs contribute positively to the effectiveness of an individual in
produci ng exchanges, then costs of exchange acts will not be simlar
across individuals.

If realized market behavior depends on the costs of the exchange act
for the bundle of goods an individual holds, if, for the same bundle of
goods, these costs differ across individuals, and if individuals do not
hold simlar goods bundles, then the analytical effort required to infer
what the price structure would be in a world of pervasive narkets must
clearly be greater (probably nuch greater) than when all individuals
have no exchange act costs and when budge constraints are therefore
invariant with respect to the bundle of goods held. Rather than facing
these and simlar analytical conplexities directly in order to construct
the price structure of a world of pervasive markets, or rather than
sinply dismssing the problemas an offensive bother, it may often be nore
effective to question the individual about his responses where he is to
assume that markets are pervasive. That is, the individual is allowed to
respond directly to a perturbation in a hypothetical world of pervasive
markets rather than having the investigator try to infer what the
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i ndividual would do in a world of this sort frominformtion about a
world where markets are not pervasive

An individual may be able to state his preferences for a particul ar
state-of-the-world quite clearly. However, if markets are nonexistent or
inconplete (as they in fact are for a great many aesthetic and
environnental goods), the individual may have no means to conmunicate
these preferences. The very lack of markets is due to the costs of
formng and maintaining themand the costs of the act of exchange. In
a survey instrument, a hypothetical (contingent} world can be constructed
in which costless nmeans of comunication are available. On occasion,
therefore, the individual's preferences are perhaps nore readily inferred
from his statements rather than from his behavior. The individual who
drives a 1965 Plynouth Valiant and states that he is “for” clean air
has no market in which he can directly exchange his old heap for sone
clean air. The survey instrument provides this market

Can Survey Instruments Reduce A Priori Assunptions?

The ability of the human mnd to cope with conplex reality is
limted. Successful grappling requires that the dinensionality of
reality be reduced. Wen trying to establish. the collection of values
i ndividual s place upon non-marketed goods, there are at |east two
general ways to reduce drastically a nunmber of paranmeters that nust be
estimated. First, one can draw upon a priori restrictions from the econonic
theory of the consuner. Second, an experinental approach to the question
of data can be adopted.

Econoni sts who have ever seriously worked with problens of consuner
analysis are thoroughly famliar with three fruitful a priori restrictions
(additivity, honogeneity, and symretry] that come from the neo-classical
demand theory of Slutsky(1915) and Hicks (1934). Further reductions in
dimensionality of the parameter space in which estimation is to be
carried out can be achieved by judicious invocation of various seperability
conditions. 34/ Finally, sone recent devel opnents in the application of
mat hematical duality principles to consumer theory sometinmes allow one to
reduce the nunmber of parameters to be estimated without having to inpose
particular monotonicity and curvature properties upon the consuner's
maxi i zation problem 35/

The second general class of means for reducing the paraneter space
includes experimental as well as survey techniques. These techniques
are advant ageous, even though wi dely neglected in econom cs, because they
permt the investigator to control the nunber and levels of different
physical contexts and adaptation opportunities to which. the individua
must respond. 36/ Disturbances inposed by confounding variables upon the
responses of interest are therefore at least partially controlled for in
the data generating exercise. This contrasts with the standard practice
of placing sole reliance in an ex post fashion upon the application of
nulti-variate paranetric estimation techniques. For a given number of
observations, survey instruments increase degrees of freedom and the
efficiency of estimators.
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The use of experinental and survey techniques to reduce the paraneter
space may be advantageous in addition to statistical considerations. (ften,
as noted above, the investigator inposes, ex post, various separability
condi tions upon market-generated data in order to make it nore tractable.
These separability conditions may inply, for exanple, that beer drinking
at the local tavern is not a substitute for cross-country skiing. The
conditions are inposed wthout consulting the individuals. whose responses
are registered in the nmarket data. They are instead generated by what the
investigator intuitively feels to be “reasonable,” and required for
anal ytical convenience. It is not obvious that the investigator’s
“feelings” and the framework he uses in accounting for what is and what
is not inportant is to be preferred to actually providing the respondent
with the opportunity to state how he would respond to alternative
contingencies. The details to be abstracted fromare presented to the
respondent rather than being left to the fertile and usually clever m nd
of the investigator. In both situations, sinplifications are made that
will permt the investigator to work with the data. In the survey
instrument case, however, the respondent gets the opportunity to weigh
the inportance of these confounding variables in making his choices. In
the observed behavior case, the investigator is presumng he knows as
wel | as the respondent, from the respondent’s perspective, what is and is
not an irrelevant alternative. Survey instruments allow the domain in
whi ch the response data is generated to conformto the structures of
the underlying analytical nodel rather than forcing, via a set of
possi bly tenuous assunptions (e.g., the absence of jointness, the
presence of perfect conpetition, etc.), the real world generated data
to conformto the preconceptions of the nodel

A slightly different facet of the above point arises with the
recognition that nuch market data used by economsts for enpirical
analysis is collected by possibly untrained agents nany tines renoved
from the economst-user. Oten, this data is collected as by-products
of the activities of organizations whose interests are far renoved from
and possibly nuch less disinterested than the research economst. 37/
The old saw about lying with statistics can just as readily refer to the
manner in which data are organized for presentation as to the manner in
which already organized data are enployed for estimation purposes. Except
possibly in the case of direct investigator observation of market responses,
the generation of response data via survey instruments or experimenta
means can naeke the specific connection between the reporting of data and
its uses for testing hypotheses nore strong and certain. The investigator
then has no choice but to accept the responsibility for the survey
data generated under his direction. He nust accept ultimate responsibility
for the origin of the data, as well as the analytical nodel and the
estimation procedures used to test hypotheses.

Survey Instruments and Property Right Structures

Mar ket prices acting as devices to signal and coordinate the
purchases and activities of disparate individuals work well where
resource contributions are easily ascertained and reciprocated by
rewards. For exanple, the spot exchange of two currencies requires
no statement of the terns other than the exchange ratio. \en
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cardinal |y neasurable and perfectly honbgeneous commodities such as
currencies are exchanged, the parties to the enterprise need only count the
quantities exchanged to establish what they have obtained.

In valuing environnental goods, there are two issues at hand. First,
given an existing property right structure and assignnment, what is the
val ue of the good? Second, what would be the value of the environmenta
good if the property rights to the good were to be reassigned or restructur-
ed? The first issue, while inportant, can be assuned acconplished if the
second issue can be answered.

The problemin answering the second issue is that for nmost environ-
mental and aesthetic goods, the costs of exchange cannot be assuned to be
as trivial as in the currency exchange ratio exanple. |f one adopts an
econom ¢ efficiency perspective, there are harsh inpedinments to tracing the
parties initially responsible for the environmental or aesthetic effect,
detailing the actual levels of the effect, and finally ascertaining the
contributions of each perpetrator of the effect.

Wien these costs of the act of exchange exist, the economc structure
itself becones a variable of the decision problem The problem can be
viewed as one of finding a set of obligations for each individual's
behavi or pattern so that his costs and rewards are made | ess dependent on
his joint relations with other individuals using the sane non-narket ed
good. Rules of evidence and procedure are established for all users.
Likely and inportant contingencies will be specified and appropriate
responses will be stipulated. The objective being that easily neasured
performance standards will be fornulated. In short, the assignnent of
property rights as well as the property rights structure itself is changed
These reassignnents and restructurings of property rights have been a
maj or means by which environnental and aesthetic insults have been controll ed.
It is likely they will continue to be so

There exist analytical devices in econonmcs that allow one to ascertain
the effect of property rights reassignnents of an environmental or aesthetic
good upon consuner valuations. 38/ These valuations can be established with
time and budget allocation data obtained by everyday behavi oral observations
or by survey instruments. However, where the conditions of use, exclusion,
or alienation are altered (i.e., property rights are restructured), there is
no everyday behavior to observe, except insofar as one is willing to draw
anal ogi es from observed behavioral responses to changes in the property
rights structures of other goods. |f one knew what the availability of
the environmental good woul d be under the property rights restructuring, it
m ght seem possible, if one had everyday behavioral observations on consumer
tinme and budget allocations at the same |evel of availability, to determ ne
the change in consumer valuation due to the property right restructuring.
However, the purpose of the restructuring is to reduce the costs of the
act of exchange and, as we argued this reduction can alter
the value the consuner attaches to a given level of availability. Further-
more, since consuner valuations will, through either the nmarket or the
political process, influence the |evel of availability, howis one going
to reason fromthe level of availability to consumer valuations for the
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restructured property right? FEconom c analysis does not yet have a
sufficient understanding of the reciprocal relations between costs of the
act of exchange and property rights structures, nor between these costs and
various demand phenonmena, to pernmit the ready testing of detailed enpirica
generalizations in a wide variety of settings. Thus the only really sound
way of obtaining an estimate of whether the net benefits of restructuring a
particular property right is positive, if one insists upon enploying
observed everyday behavior, would be to performthe restructuring and observe
the results. In sone circles, this is sinply known as trial and error.

To measure is not necessarily to understand. Trial and error can be an
extrenely costly way to performresearch because the errors are real rather
than hypothetical. In contrast, survey instruments allow one to investigate
t he behavioral responses to a tide variety of property rights structures

wi thout involving the citizenry in the traumas of what often is euphemstic-
ally termed social experimentation

One obviously directly cannot observe everyday behavioral responses to
property rights structures that have never existed. Sinmlarly; one
cannot directly observe the everyday behavioral responses of individuals
who have never participated in activities involving the environnental or
aesthetic good at the levels at which the good has been historically
available. If some of the proposed |evels of availability have not been
historically available, and if sone forner non-participants woul d becone
participants- at these new levels, the use of data on observed behavior to
ascertain valuations would nean that the valuations of the woul d-be
participants play no part in determning the valuation. For each proposed
| evel of availability, the use of observed, realized behavior to establish
valuations will nmean that only historical participants are to count. Those
who have not participated historically have no opportunity to comunicate
their preferences. Survey instrunents, because they allow the researcher
to introduce ranges of availability of the environmental or aesthetic
good that are broader than historical experience, allow the values of
historical non-participants to becone relevant.

Concl usi ons

The preceding is a taxonom ¢ discussion of some reasons why survey
instruments may often be a superior means of generating data w th which
to value environmental and aesthetic goods. W have argued that econonists
have erred in viewing the situations these instrunents posit as necessarily
fictional; that the data generated by survey instrunents may, for non-
mar ket ed goods and the activities with which they are associated, accord
more closely with the condition of received economc theory; that survey
instruments can make it easier to renove the difficulties of estination
and interpretation introduced by confounding variables; and that survey
instruments often permt one to deal more readily with phenonena that have
not been in the range of historical experience. These are indeed sub-
stantial advantages that econom sts have not adequately recognized or
appreciated. Neverthel ess, whatever the advantages; a mgjor disadvantage
remins. Until detailed analytical know edge is acquired of the manner in
whi ch expectations are forned, there exists no way to refute enpirica
propositions- established from survey instruments that inquire into
expected behavior. In this sense, survey instruments are non-scientific.
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2.6 A Summary of Recent Case Studies

This section reports, in chronol ogi cal order, four studies which have
attenmpted to value environmental quality, and thus formthe basis for much
of the current report. The first two studies, the Lake Powell| Experiment
and the Farm ngton Experiment attenpted to value air quality near existing or
proposed coal -fired powerplants. The third study, the Geotherm Experinent,
exam ned the inpact of proposed geothernal powerplant devel opment on an
existing recreation area, calculating possible damages. The fourth and

most recent study, the Wldlife Experiment, examned the value of wld-
life to recreators in areas which may be inpacted by strip mning of coal.

The Lake Powel| Experinent

Lake Powell, with an annual visitation now approaching two mllion
visitor days, is an excellent exanple of the tradeoff mentioned above
The I ake was formed by the filling of Gen Canyon and retains the steep
cliffs, rugged terrain features, and scenic vistas one associated with the
G and Canyon, but are here available to pleasure boaters and ot her
recreators. Construction of the Navajo generating station |ocated at the
southern end of Lake Powell, was conpleted in 1976. Another |arger power-
plant, the Kaiparowits Project, was al so proposed for construction near
Lake Powel| and becane an issue of substantial public concern if not the
primary issue for environmental groups in the Southwest.

As part of the Lake Powel|l research project, during the sunmer of 1974
recreators at Lake Powel| were interviewed in an attenpt to determ ne the
aggregate willingness to pay to prevent construction of the proposed
Kaiporowitz plant [see Brookshire, et.al., 1976]. Photographs of the
exi sting Navaj o powerplant which all of the recreators had seen, (stacks
remain visible more than 20 mles Up the |ake), were shown to recreators
both with visible pollution emanating fromthe stacks and with the stacks
alone. Recreators were then asked what entrance fee they would be willing
to pay to prevent construction of another simlar plant; first, where only
pol lution woul d be visible fromthe lake itself, and second, where both
stacks and pollution would be visible.

The analysis of the data attenpted prinmarily to deal with strategic
bias. As noted above, if recreators believed that a uniform entrance fee
m ght actually be set on the basis of the average bid of the sanple survey
to prevent construction, or believed that construction plans night
be affected by the research results, then “environnentalists” mght well
bid very high, and "devel opers" m ght well bid zero dollars in an attenpt
to bias the results. A theoretical model of strategic bias was constructed
to explain the distribution of obsserved bids which would likely be binoda
rather than normally distributed if strategic bias was present. The fact
that the actual distribution of bids was noram |y distributed was thus
taken as evidence that strategic bias was not present. It was conjectured
by Brookshire, et.al.,(1976?, that the absence of strategic bias was due
to the hypothetical nature of the experinment; few respondents felt that
their answers would effect real world outcomes. The remminder of the
research was devoted to specifying an econonetric nodel of the bidding
gane results to estimate income effects by group. Recreators were
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divided into four categories, developed and renote canpers, and visitors
and residents of the nearby town of Page, Arizona. Al though the effect of
I ndi vidual income by group on bids was statistically significant at the
99% level, the income effects were all very small. It was shown then that
both theoretically and enpirically the small income effect inplied: (1)
that a conpensated variation neasure would not differ practically fromthe
equi val ent variation measure used in the experinent; and (2) that income
redi stribution between groups- would not significantly effect the aggregate
bi d.

The average bid per famly or recreator group was $2.77 in additiona
entrance fees in 1974 dollars, and the total annual bid, which can be
interpreted as an aggregate nmarginal willingness to pay to prevent one
addi tional powerplant near Lake Powell, was over $700,000. Two points
shoul d be made about these results. First, they show inpressive
consistencies both with the one previous bidding game study [Randall, et.al.,
1974] in the region as well as with the succeedi ng Farm ngton experi ment
di scussed below. Second, if the results are accepted as indicative of
recreator preferences in general for the entire region, the canyon |ands
of southeastern Utah, and if the bids are extrapolated to all the effected
recreation areas as well as Lake Powel |, the aggregate bid woul d approach
$20 million per year since there are some 15 national parks and recreation
areas within a 100-mle radius of the proposed Kaiporowtz site

The Farm ngton Experi ment 39/

This study attenpted to establish the econom c value of visibility
over long distances within the Four Corners Region. The southwest is
characterized by vast spaces and open vistas unencunmbered by industrial -
conmerci al devel opment, urban devel opnent, or airborne pollutants. The
maj or focus of the study was to attenpt to establish how recreationists
and residents value continuing to be able to see over long distances.
Clearly, the ability to observe long distances is an al nost pure public
good. The use by anyone does not interfere with use by anyone el se
In addition, efforts were made to examne the extent of certain biases
including: information, strategic, starting point, and vehicle bias on
conpensating and equivalent variation measures of consuner surplus. The
Farm ngton Experiment also included a (first) attenpt to exam ne contingent
behavi or changes in response to visiblity changes, i.e., how people
allocated time between indoor and outdoor activities.

A survey questionnaire was given to recreationists and residents in
the Four Corners Region of New Mexico and Arizona. The interviewee was
shown a set of pictures depicting visible ranges from 25 to 75 mles and
asked to bid across them The pictures were taken at the same |ocation.

Two rather distinct methodologies were used to exam ne contingent
valuations for visibility. The first assuned a utility function wth
arguments of visibility and income and asked the respondent a sequence of
questions on maxi mum w | lingness to pay and m ni num conpensation. The
second utilized a utility function with tinme spent on indoor and outdoor
recreation as the relevant arguments. Wth this function in mnd, a
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sequence of questions were asked the respondent on adjustments in tine
al locations. by activity where changes occurred in visihility. Thus, the
first approach is an attenpt to measure the left-hand side of equation
(2.4) or (2.5), while the second, based on contingent behavioral changes,
attenpts to neasure components of the right-hand side of these equations.

As part of the contingent expenditures approach, direct tests were
made for strategic bias, information bias, vehicle bias, and starting point
bias. Strategic bias was evaluated by two neans. First, the “gane” was
structured so the individual presumed that he would have to pay the
“average” bid, not his own. The presunption was that if his bid were bel ow
the mean bid and he desired to increase the magnitude of the aggregate bid,
he would bid higher. Alternatively, if his goal were to reduce the nean
bid, he would revise his bid dowward. Only in the extreme case when the
individual"s maximum bid is identical to the nean bid would there be no
incentive for the individual to change. In addition to this process, the
i ndi vi dual was questioned about his bid being too low. It was suggested
that his bid was not sufficient to keep powerplant em ssions at present
|l evel s for sustained high quality anbient air, and was then asked if he
would revise his bid. In only one case did we observe an individual
acting strategtcally and it turned out to be an Econom cs Professor from
the local Junior College! However, fully one-third revised their bid when
confronted with the possibility that their bid was insufficient. \ether
this latter result is indicative of the presence of strategtic dowward
bias in initial bids or the effect of new information cannot be ascertained.
Individuals may be acting strategically by subjectively formng their
preferences as to the effect of their maxi mum bid, selecting the bid
appropriately; and then not revising it. However, it appears to be an
additional indication along with the results of Brookshire, et.al.,

(1976) that individuals generally do not act strategically, at |east
in a neaningful manner to bias the outcome of the result.

In addition to the tests on strategic bias, analysis was made of
various fornms of information bias, essentially trying to establish influenc-
es of various aspects of the gane. It was observed that the higher the
starting bid suggested by the interviewer, the higher the maxi num
willingness to pay (equivalent variation) estimate derived from the study
Thus, if the interviewer suggested a bid of $1.00 higher, on the average
individuals would bid about $.60 nore at a maxinmum  Also, the choice.
of the method of paynent influenced the nmagnitude of the bid significantly,
as would be anticipated from economic theory. The bid should increase
the greater the number of substitutions there are in the form of the vehicle
used to nmake payment; and this was observed in the results, i.e., individ-
uals were willing to bid higher when confronted with a “payroll tax” than
with an increase in entrance fees. Finally, it was observed that whether
the individual was given previous information on average bids or not, had
a substantial inmpact on the maxinmum bid. W do not wi sh to suggest these
results indicate any final conclusions with regard to the information
bias problemw th contingent valuations approach, but they are suggestive
that for these approaches to be accurate, one nust be very careful wth
the vehicle used for paynent and the anount and quality of information
given to the interviewee upon initiation of the questionnaire.
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The contingent behavior conponent of the questionnaire attenpted
through. contingent changes in time allocation to infer an expenditure
function and conmpensated demand relation for visibility. Various procedures
were utilized to approximate the conpensated demand curve, prinmarily by
postul ating an exact formof a utility function and estimating a tine
rel ated household technol ogy.

The nean bid per recreationist famly per month was $4.06 while their
m ni num conpensation per nonth was $17.40. The conpensated substitutions
approach led to estimtes ranging from approxinately $5.00 per nonth for the
case where the receptor had no entitlenent to clean air to approxi mtely
$280.00 per month with conplete entitlement. However, these estimates are
not directly conparable because the contingent behavior estimates include
residents in addition to recreationists which should increase the nmagnitude

of the estimte.

Both the Randall, et.al., (1974) and Brookshire, et.al<, (1976)
studies only obtained equivalent variation bids. The follow ng conparisons
are therefore limted to the EV bids. Using the sales tax as a vehicle,
Randal |, et.al., (1974) reported yearly mean bids of $85.00 (A to C and
$50.00 (B to C per household. Qur yearly nean bids for the nost
conparable situations were $82.20 and $57.00. If one considers that the
Randal I, et.al., (1974) figures should be increased by 37 percent to
account for inflation between 1972 and 1976 and that, on the other hand
the Randall, et.al., (1974) figures should be higher as respondents are
al so bidding on soil banks and transm ssion |ines, these figures are
very conparabl e.

The overall mean for situation A to Cin the Brookshire, et.al., (1976)
study was $2.77 per nonth with standard error of the nean ($.19). Adjusted
for the 6.6 percent inflation between the time periods of the studies
the conparison values are $2.95 and ($.20). The overall nean for
recreationists for the conparable situation was $4.56 ($1.11), which is
considerably different. However, the nean bid ($2.44 and $.23] for
$1.00 starting bids in the Farm ngton Experiment, while still statistically
different, is nuch closer.

The Farm ngton Experinent denonstrated reasonable replicative
consistency with other studies, It also demonstrated that questionnaire
bi ases may be serious in attenpting to utilize contingent valuation
met hodol ogi es.  Extrapolating the equivalent variation neasures to all
recreationists using the Navajo reservoir, an annual estimte of $916, 000
I's obtained which is an estimte roughly consistent with that in the Lake
Powel | Experinent.

Ceot hermal  Experirnent 40/

The Jemez Mountains of New Mexico are both scenic - characterized by
brightly colored rock outcropping and forest areas - and a major recreation
resource wth fishing, canp grounds, hiking trails, and hot springs al
located on U S. Forest Service lands. However, the Jenez Muntains also
contain one of the mjor geothernmal resources in the southwest. Geotherma
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| eases have been let by the U S. Forest Service on land which is now used
solely by recreators.

Both a bidding gane and a contingent site substitution approach were
used to estimate environnental danmages to recreators from possible
geot hermal devel opment [see Thayer and Schul ze, 1977]. Recreators were
shown both phot ographs of geot hermal devel opment in simlar mountainous
terrain and a map of the location of possible devel opnent relative to
recreation areas. Noise |levels and enissions characteristics were
described in detail. A bidding game was then conducted with a vehicle
which was a uniformentrance fee to prevent devel opnent. Alternatively,
respondents were asked to indicate what their contingent recreation plan
woul d be (what sites would they visit including new substitute sites and
how often) if developnent were to occur. The subsanple which responded to
the site substitution question, was then also asked what they would bid
in the formof a uniformentrance fee to prevent development. Finally
starting point for the bidding game was varied from$1.00 to $10.00 in
various subsanples. Thus, the study was structured to test: (1) if the
bi dding gane and site substitution results were consistent; (2) if informa-
tion on alternative new substitute sites would effect bidding game results
and (3] for starting point bias.

A set of theoretical nodels was constructed to estimate a consistent
measure of willingness to pay to prevent devel opnent from both neasures,
t he bidding game and additional travel costs associated with alternative
recreation plans. Additionally, the nodel was nodified to explain
i nformation bias; how changes in perceived costs of alternative (driving
costs) should affect bids, and to explain starting point bias, individuals
either tradeoff their honest bid against the length of the bidding
process or wish to “please” the interviewer by trading off their honest
bid agai nst what they perceive as the “desired” response.

The results of the experinent were as follows: Thirty-five percent
of the respondents indicated they would no |onger visit the Jenez area
I f devel opment occurred. This resulted in about a 50% contingent decrease
in visitation. About 65% of the respondents indicated they would visit
alternative sites nore frequently, usually the Pecos Forest area. Bids
averaged $2.35 per visitor party day while the site substitution nmeasure
yi el ded a range of $2.03-$2.84 depending on the assumed driving cost per
mle. The results appear to be consistent for the two approaches and
i nply an annual i zed aggregate bid to prevent construction of about

$300,000 for a 50 negawatt plant.

Mre surprising, however, were the results for information and
starting point bias experiments. Neither bias was statistically significant
The obvious question is: Wiy are these results different fromthose of the
Farm ngton experiment? - which indicated that both information and
starting point would likely be serious problenms. The best explanation
that can be given at this point is that the value of the change in an
environmental quality proposed in the two studies was nore precisely
perceived by respondents in the geothermal experiment than in the
Farm ngton experiment. In other words, respondents would nore easily
relate the costs to thenselves of “losing” in part a recreation area than

44



they could determne the costs of a change in visibility.

The Wldlife Experiment 4/

Through contingent expenditure and behavi or approaches, this study
attenpted to develop a nethodology for valuing wildlife experiences.
The val uations were devel oped to enabl e policymakers to judge which sites
may be reserved from energy devel opnents that woul d seriously inpinge on
wildlife. Hunters and wildlife observers were queried as to their
willingness to pay for “encounters” with various types of wldlife. The
species examined, all within Wonming, were elk (Cerrus Canadensis),
cottontail (Sylvilagus Spp.), ~coyote (Lanis Latrans), grizzly bear
Urus Horribilis), bighorn sheep (Qvis Canadensis), trout (Salm Spp.),
dipper (Grculus Mexicanus) and brown creeper (Certhia Famliars)
The assumed utility function had as arguments the nunber of encounters
and length of activity. Thus, the study attenpted to neasure both the left
and (conponents of] the right-hand side of equations (2.4) and (2.5].
Prices for purchase of private goods for the hunting, fishing, or observa-
tion experience were presuned to be constant, which appears, except for
inflationary factors, to be a reasonable assumption.

A type of vehicle bias was observed as bids were recorded on |icense
or access fees and also utility bill adjustments. Difficulties were
encountered in convincing some respondents that conpetition between
energy devel opnent and wildlife herds woul d be sufficient reason for
utility bill adjustments to be a plausible paynent nechanism  Starting
point bias was tested for, but was not found to substantially affect the
bids on species comonly hunted. Thus, this additional evidence appears
to substantiate the conparison between the Lake Powel | and Farm ngton
Experiments which led us to propose that the nore clearly identified the
change in environmental attribute is, the lower the probability of
encountering starting point bias.

This experiment al so exam ned contingent valuation approaches applied
to the concept of option demand for grizzly and bighorn sheep hunting
Prelimnary eval uation of the responses indicated, this my be an effective
approach. for obtaining option value and existence value estimates.

Val uation anal yses have not been fully exploited in this study as yet.

But, prelimnary results indicate that for elk the average conpensating
surplus measure is $72.00 per year to increase expected encounters fromQ
to 5 per day of elk hunting. Some private clubs which specialize in elk
hunting in Woning charge entrance fees ranging from $85.00 to $150.00 per
year or roughly equivalent to the conpensating surplus measure for elk
obtained through contingent valuation approaches.

The four case studies discussed above have shown an inpressive
consi stency both in results and in the evolution of techniques to deal wth
the bias problem Bias is, of course, inherent in using contingent
responses to value environmental quality. The view of these researchers
Is that problens of strategic, information, vehicles, and starting point
bias are all surnmountable with proper questionnaire design, nodeling, and
econonetric analysis.
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FOOTNOTES - CHAPTER 11

o The dictionary defines a hypothetical proposition as a conditiona

proposition, i.e., an “if X then Y* statenent. A hypothetical question
would then be a conditional statement in the subjective nood, an “if X

then . . . .?“ statement. In a survey setting, the hypothetical question is
Posed by the interviewer to the respondent; the interviewee then states how
he would alter his activities in response to the posited situation. Formally,
the probl em set before the respondent seens no different than the problem

he faces when he plans on the basis of a weather forecast to spend tomnorrow
afternoon at a picnic [Blank, et. al., 1977].

/
See Schulze and d’ Arge (1978).

3/
See Brookshire, et. al. (1976) which produced simlar values to these
presented in Randall, et. al. (1974a).

4/
See Brookshire, et. al. (1976); Blank, et. al. (1977); Thayer and
?%Hggé% (1977); Randall, et. al. (1977); and Brookshire, Randall, et. al., )

/
See Blank, et. al. (1977) and Brookshire, Randall, et. al. (1977).

6/
~ An exception to this is the study by, Brookshire, Randall, et. al. (1977)
whi ch enpl oyed an iterative bidding procedure and al so obtai ned data necessary

for a travel cost conparison. Additionally, Blank, et. al. (1977) and
Brookshire, Randall, et. al. (1977) enployed the substituion approach and
an iterative bidding approach in separate questionnaires

71

This is equivalent to the conpensating variation measure of consuner
surplus where the initial level of utility i's maintained. See, for exanple,
M shan (1971).

8 Distributional effects are ignored at this point.

o Prelimnary analysis of the substitution data set does suggest that
the nunber of substitutions of activities was not great when faced with a
contingent change in air quality.

10/

~In what follows, the tine constraint is omtted but adds little
difficulty except in the dinmensions of characteristics and user production
functions.

11/

Al though inplicit here, technology also influences the form of the
input demand functions. Changes in technology will change these functions
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12/ : . . : :
A large body of literature exists which explores the dual relationship

between cost functions and production functions or technologies. See, for
exanpl e, Shephard (1970), Uzawa (1964), Hall (1973), and Diewert (1974).

13/ -
It should be noted that if C(P, Z)is_nonlinear in Z then [wll be
a function of both Pand Z i.e., | =I(P,Z).For discussions of the hedonic
price approach see Rosen (1974), Muiellbauer (1974), Lucas (1975), and
Crocker (1975). Enpirical application of this approach is not as sinple as
it would appear primarily because of an identification problem On this
point see Rosen (1974) and Crocker (1975).

14“t must be pointed out that income conpensated characteristic demand
functions are not estimated in this approach. The reason is that there is
no reason to believe. that the estimted expenditures which represent the
dependent variable in estimating C(P,Z) are generated with utility held
constant .

15/See Crocker (1975) for a nore detailed discussion of the nature of

the identification problem

16/

A conpl ete discussion of the surplus measures in relation to rights
structure and starting points is in Brookshire and Randall (1978). Surplus
measures and their relationship to Bradford bid curves which have been a
focal point in non-nmarket valuation is thoroughly discussed. Randall and
Stoll (1978), extended the analysis of WIlig (1976) to permt its application
to the valuation of changes in commodity space

1l
This description is quoted from Brookshire and Randal | (1978).

8/C‘ertain argunents presented in this section draw heavily upon Brookshire
and Randall (1978). These are designated throughout the section

19/
This discussion is taken from Brookshire and Eubanks (1978).

2 If this is not the case then we are at a loss as to the incentive
structure the rational individual is operating under.

21
I ndividuals were not confronted with the prospect of paying the
mean bid, thus a definitive statenent in the context of our discussion is
inpossible in terms of strategic bias.

221
A nunber of respondents indicated an incentive to behave strategically
under the Carke tax nechanism that may have been overlooked. Several of
the respondents stated “that they attenpted to reveal denmands slightly |ower
than the other participants” to achieve a negative variable charge under the
Clarke system [Babb and Scherr, 1972, p. 46].
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281 This subsection explicitly reproduces pages 19-26 from Brookshire
and Randal | (1978).

241 An effort reported here fromthe South Coast Air Basin survey
indicates a more generalized framework is possible.

25 The assunption of b > 0 represents the case of convex indifference

curves.

26/
This section is a paper presented at the EDRA 9 Environnental
Aest hetics Synposium the University of Arizona, Tucson entitled “The
Use of Survey Instruments in Econom ¢ Val uations of Environmental Goods”
by David S. Brookshire and Thomas D. Crocker.

21l The follow ng statement by Fromm (1968) exenplifies the attitude:

“Furthernore, it is well known that surveys that ask hypothetical questions
rarely enjoy accurate responses.” (p. 174) A lengthy discussion of the use

of questionnaires in the paper on which the Fronm (1968) effort is a comentary
is sumarily dismssed with this single unsupported statement.

28 Oiginally set forth by Wcksell in 1869, the public goods

preference revelation problem was rediscovered by Sanuel son (1955). The
first reasonably conplete preference revelation device is in Carke (1971).
Smith (1977) provides an up-to-date review of the problem and its suggested
sol utions.

29/
According to Maler (1974, pp. 183-189), weak complenentarily exists if

the quantity demanded of a private good or activity is zero when the marginal
utility of the public good is zero. The condition permits one to avoid
having to solve for utility and expenditure functions when trying to establish
the demand for a public good by exploiting its connections with private,

mar ket ed goods.

30/A good el enentary presentation of Bayes' (1764) rule is available

in Raiffa (1970, pp. 17-21).

3 Adapti ve behavior, once having conmtted one’s self and experiencing

unanticipated regret or satisfaction thereby, can be treated as the
acqui sition of further information,

32l As used here, “social” refers solely to a world in which all voluntary

gains from exchange, given the initial distribution of income, are exhausted.
Onl'y under classical conditions (an absence of nonconvexities, irreducible
uncertainty, coordination costs leading to externalities, and |ess than

conpl ete contingent clains markets), does current economc know edge denonstrate
that market prices alone would be sufficient to make efficient (Pareto-optimal)
al l ocations attainable.
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34
Perhaps the best overall review of the state of demand theory fromthe
perspective of the devel opment of a priori restrictions to assist in

estimation problens is Coldberger (1967).

5l Diewert (1974) reviews the applications of duality theory to economc
probl ens.

% An illustration of this technique can be found in Blank, et. al. (1977)
and Brookshire and Randall, et, al. (1977). In the former, picture sets
presented to individuals represened pre-deternmined levels of visibility
(defined in terms of visible range). This allows the [inkage of physical
paraneters to valuation estimates. In the latter case, |andscape types were
classified for an elk hunting experience

.37/Even with Census Bureau data, the econom st does not know all the
“adjustments” that have been undertaken to make the data presentable.

38/If there is an increase in pollution, the amount the sufferer would have
to be paid in order to be willing to accept the increase is consistent with
the. polluter being liable for the. damages he causes. The amount the consumer
woul d be willing to pay to prevent the increase inplies that the polluter
has zero liability for any harm he inposes upon the sufferer

39/This study was supported by the Electric Power Research Institute,
Palo Alto, California, to the University of Woming. EPR does not assune
“any liability for the conpleteness of research, or usefulness of the
results

40/ The, research reported here was supported by a NSF grant entitled
“An Economic and Environmental Analysis of Solar and Geothernal Energy
Sour ces.”

4 Portions of this study were funded by the U.S. Fish and Wldlife
Service contract nunbers 14-16-0009-77-002 and 14-16-0009-77-003 with
the University of Woning
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CHAPTER 11
PAIRED SAMPLE METHCDOLOGY:  THE SOUTH COAST AIR BASIN

3.1 Rationale for Paired Sanpling

The previous chapter presented an overview of the theoretical and
conceptual structure of various non-market valuation techniques. In order
to enable a cross-check between the iterative bidding technique and the
substitution approach involving primary data collection and a secondary data
property value study, a conmon sanpling nethodol ogy is needed. Gven the
variable of perturbation is air quality, an ideal sanple methodol ogy woul d
control for all the factors influencing the valuation. This, of course, is
i npossi ble.  The approach settled upon was to formpairs of census tracts
in the South Coast Air Basin (SCAB) hol ding soci oeconom ¢ type character-
Istics constant yet allowing a variation in air quality across pairs.
Throughout the SCAB are |ocated air nonitoring stations providing readings
on Ozone (03), Nitrogen Dioxide (NO2), Nitric Oxide (NOx), Carbon Monoxide

(CO, Hydrocarbons (HC), Sulfur Dioxide (S02), particulate natter, wind and
in some cases lead (Pb), and oxidant levels. Qur aimin this sanpling pro-
cedure was to relate as closely as possible the readings of these consti-
tuents of air pollution to the surrounding census tract popul ations.

Gven the locations of the air nonitoring stations in the SCAB, we were
able to identify surrounding census tracts. For these census tracts the
Department of Commerce provides excellent demographic information. This
information is used for three specific purposes: (1) define the census
tract paraneters and characteristics; (2) designate census tracts represen-
tative of the SMSA as a whole; and (3) provide the means for nmatching census
tracts in the test areas to simlar census tracts in the control area. The
goal was to control, by careful choice of the study areas, for as many
potential influencing factors that mght explain differences in preferences
toward environmental health and amenity |evels.

Thus the aimof the sanpling procedure was to determne paired areas
in the SCAB that are simlar in all relevant characteristics except air
quality. If the mean values of the relevant characteristics are not signi-
ficantly different across areas, the difference in valuation of amenities
and environmental health effects given by an individual household in an
area characterized by clean air, versus the valuation given by an individ-
ual in an area characterized by dimnished air quality, should only be
due to the existence of pollution in their environment.
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3.2 Socioeconom ¢ Control Considerations

Certainly many variables affect an individual’s valuation of a public
good such as air quality: Variable of influence that shoul d be considered
are: (1) nedian income; (2) mean inconme; (3) percent high school graduates;
(4) total population; (5) percent non-white; (6) percent 0-19 years old
(7) percent 20-34 years old; (8) percent 35-64 years old; (9) percent 65
and ol der; (10) percent nale; (11) percent in construction industry; (12)
percent in manufacturing industry; (13) percent in other jobs; (14) median
school years conpleted; (15) nunber of persons per household; (16) median
housing value; (17) nedian age of structures; (18) structural density, i.e.
percent private residences; (19) average tenperature; (20) mles to beach;
(21) mles to Los Angeles International Airport; and (22) mles to najor
interchange. Each variable represents a characteristic of the census tract.
The characteristics provide information as to the denographic profile of a
census tract both in a qualitative (pertaining to the popul ation) and quan-
tative (measures of a physical or structural nature) sense

Consi der education as a necessary control variable. Education is a
val uable and expensive commdity. It allows people potentially a greater
appreciation and awareness of life, its alternatives, and its shortcom ngs
anong other things. Furthernore, education possibly could make one aware
of the effects of air pollution on one’s health and enjoynment of life, make
one nore aware of the interdependencies and externalities of the problem
and may nake one nore demanding that something be done to alleviate the
problem To control for these and other possible effects from educationa
“differences among househol ds, we used the variable of percent high school
graduates over the age of twenty-five years. This measure gives the
general level of education of the inhabitants of a census tract.

Certain people are physically affected by air pollution nmore than are
others. The older one is the less able are one’s physical defenses to
neutralize the effects of dimnished air quality. Al'so, the younger the
child, there are nore years he nust live in a polluted environnment and there-
fore he is nmore likely to develop, for exanple, asthma or other bronchia
conplications. Thus we controlled for the age distributions across census
tracts where possible.

The follow ng age groups were used: (1) 0-19 years: the age which
children are most likely still at home and still dependent upon the head
of the household; (2) 20-34 years: newy established households; child
bearing age; (3) 35-65 years: this age group is representative of nore
establ i shed househol ds, usually couples whose children are growing up or
may have already |eft home; and (4) 65 years and ol der

General social and cultural factors were controlled for by using
census data on percentage white, percentage black, and percentage other.
Such influences may enter through risk preferences and tine horizons, and
attitude toward one’s heal th.

Lave and Nagin (1974) in their study of various influences on nortality
di scovered that certain occupations have a higher nortality rate than
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others.  Since job environments expose individuals to varying levels of
dimnished air quality, three categories were considered: (1) exposure
to air pollution -- percent enployed in the construction industry

(2) occupational hazards unrelated to anbient air pollution --

percent enployed in the manufacturing industry; and (3) absence of air
pollution -- all other jobs not considered above with the exception

of farmng. The percentages of each were found to be heterogeneous in
the census tracts. Therefore, occupational exposure is a question that
was explored with the survey instrunment rather than fromthe census
tract data.

The most conplicated of categories has to do with residential |ocation.
There are many factors that enter into a |ocational decision, some being
nore specific than others in determning the exact location. The value an
i ndividual places on the health and anmenity effects from air pollution gives
an indication of his incentive to change his place of residence. Those wth
hi gh preference for avoiding the problens and dangers of polluted air wll
have expressed this preference by moving to a census tract with clean air.

There are many reasons why people choose to locate in one area as
opposed to another and air quality is just one of a whole nyriad of consid-
erations. One of the nost inportant considerations is the job l|ocation
Anot her consideration is the type of community. The study focuses upon
househol ds so we therefore desire to sanple in areas with a high concen-
tration of private residences, or the so-called “bedroom communities.” A
private residence is defined as linmted to one famly hones on |ess than
10 acres of land and with no business on the property. A third consideration
is a set of convenience factors that might deternmine location as the dis-
tance from physical points of inportance. Among these are mles to the
beach, nmiles to an airport and mles to a major interchange. Proximty to
a recreational center is usually an inportant consideration. The main
recreational activities in Southern California center around the beaches.
Mles to the airport is inportant because of its transportation and al so
to avoid the noise that affects a very wide portion of Los Angeles. Mles
to a mpjor interchange is inportant for getting anywhere in the Los Angeles
area, such as schools, jobs, shopping centers, and recreational areas.

Income allows for a greater variety of lifestyles and expressions
Differences in incone also result in many of the behavioral differences
attributed to the other variables such as education, race, and age. For
our income variable we used the mean income for each census tract. W also
separated the responses into income classes to see if the marginal valu-
ations with respect to income are constant across income classes

3.3 Census Tract Pairings

In the preceding section our aim was to suggest those variables that
may affect the value an individual gives in response to the air quality
survey instrument. W desired to control for as many of these variables
as possible in advance of the actual survey. These variables were con-
sidered when pairing census tracts. Each variable is a characteristic of
the census tract and of its inhabitants, characteristics that in sone way
are expected to influence people’s valuations. By looking at the
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differences in these characteristics, honogeneous pairs of census tracts
were identified to the extent possible.

From 1970 census data (U.S. Bureau o Census 1970) we have values for 22
variables for each of the census tracts.2 The total number of census tracts
in the South Coast Air Basin nunmber in the thousands. The principle criteria
in the area selection process for our sanple plan was to include sone areas
with clean air and other areas with various |evels of dimnished air quality.

In choosing the prelimnary sanple pairs of areas, an attenpt was nade to
to include some areas ‘that not only nmet the above criterion but that also had a
view of sone natural or man-made phenonena that is in some way unique and
outstanding. The existence of this "view is not subject to quality neasure
but is treated as a binary variable; either it exists or it doesn't. To
determne areas with a view and those without, the researchers did an
onsi ght inspection of the South Coast Air Basin.

There was a prelimnary choice of 77 census tracts. Thedifferences
between the 77 census tracts for each variable in the data set were cal-
culated. From an original set of 22 variables, nine were considered of
maj or inportance in determning the simlarity of census tracts: (1) nean
i ncone; (2) percent high school graduates; (3) percent non-white; (4) nedian
housi ng val ue; (5) nunber of persons per household; (6) percent private
residences; (7) median year structure built; (8) total census tract popul a-
tion; (9) percent over 60 years old. Table 3.1 presents the val ues by
paired area for the chosen variable.

Much of the prelimnary sanple pairing was done by conparing the rel-
evant variables across census tracts in the nmanner indicated above. How
ever, it became apparent that the nost efficient nethod of obtaining fina
sanmpl e areas woul d be to conduct field observations with whatever inform
ation was currently available and pick several potential sanmple areas during
these field examnations. This set of sanple areas was then subjected to
the sane test procedures as had been conducted in the previous sanple area
selection efforts to determne final pairs.

3.4 Description of Paired Areas

The results of this pairing effort are sumarized in the follow ng
pages. Each of the sanple areas is described with the area with which it
was matched. The match was made on the basis of differing air quality and
constant control variables.

1. Canoga Park and El Monte

Canoga Park: Northern half of census tract #1345

Boundari es: North: Saticoy Street
East : Variel Avenue
South:  Sherman Wy
Viést : Topanga Canyon Boul evard

Air Quality: Fair
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Table 3.1

U.S. Census Information for the Paired Areas

Median Number of Percent Percent Median Year| Percent
Tract Total Mean Housing | Persons Per High School Private Structure Over Sixty Percent
City Number | Population! Income Value Household Graduates Residences Built Years 0ld| Non-White Alr Quality
1, : ‘ '
Canoga Park 1345 5012 8821 20,800 2.44 46 15 59 15 1Q fair
El Monte 4334 7516 8211 17,90Q 2.82 38 25 59 13 3 poor
II.
Culver City 7026 7372 15,75Q! 30,800 3.50 76 69 59 7 6 good
Montebello 5301.02 3868 13,808 27,500 3.1a 60 56 59 19 4 poor
5300.02 3478 18,858 38,400 3.10 74 54 64 10 24 poor
III.
Newport '
Beach 630.01 7421 25,592} 5Q,000+ 2,83 9Q 49 64 10 Q fair
Pacific
Palisades 2627.02 3915 35,419 50,000+ 3.1Q 89 76 49 18 Q good
Iv.
Irvine 525 9337 14,059 33,100 2.63 86 76 70 28 4 fair
Palos Verdes | 6704.02 8088 26,118 50,000+ 3.86 93 82 68 3 3 good
v. . N
Encino 1396 3593 36,242 50,000+ 3.32 83 55 59 9 2 fair
La Canada 4607 5070 30,647 50,000+ 3.29 87 89 59 14 1 poor
VI.
Huntington
Beach 993.03 4091 9,859 | 18,800 2.22 60 42 59 20 2 poor (exotics and
’ sulfates)
Redondo Beach| 6§205.01 6608 11,815( 23,600 3.28 63 56 59 6 2 good
6205.02 7179 10,5011 23,000 3.13 59 32 59 6 2 good




El Mnte: Census tract #4334

Boundari es: North:  Garvey Avenue to Peck Road and north on Peck to
Val | ey Boul evard.
East: southeast on Valley to Muntain View, southern
boundary.
South:  Schnidt Road
Vest : Edwards Avenue

Air Quality: Poor

This is a pairing of the | owest income comunities in the sanple plan
Both are inland and subject to high summer tenperatures. The census data
show that the pairing is a good match, with the exception that Canoga Park
has ten percent fewer private residences. Field observations indicated that
the areas are very simlar in appearance

2. Culver City and Montebello

Culver City: Census tract #2026

Boundaries: North: Cota Street to Jefferson Boul evard, Jefferson to
Overland Avenue, Overland to Northgate Street
East : Cty Line
South: San Diego Freeway, Jefferson and Boul evard and Playa
Street.
Viést : Banana Creek

Air Quality: Fair

Mont ebel | o: Census tract #5301.02 part of #5300.02 in the northeast
part of the area

Boundari es: North: Lincoln Avenue
East : Mont ebel [ o Boul evard
South: VWhittier Boulevard
West : W cox Avenue

Air Quality: Poor

This grouping involves areas of upper |ow income popul ation. Mntebello
is farther inland, hence subject to higher sumer tenperatures. Census data
show that Montebello has slightly fewer private residences, sonewhat newer
hones and nore people over age 60. The greater percentage of non-white
popul ation in tract 5300.02 is concentrated outside the area chosen for
sanpling. In general, the data show a fairly good match and the field
check confirmed this. Nevertheless, the difference in sumer tenperatures
Is a source of potential difficulty for the enpirical analysis.

3. Newport Beach and Pacific Palisades

Newport Beach: central portion of census tract #630.01 (West diff
section)
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Boundari es: Northwest: Irvine Avenue
Northeast: Nottingham Drive
Sout heast and Sout hwest: Westcliff Drive and Santiago
Lane

Air Quality: fair

Pacific Palisades: northeast portion of census tract #2627.02, area
sout hwest of intersection Sunset Boul evard and
Chaut auqua Boul evard bordering both sides of
Panpas Ricas

Boundari es: North:  Toyopa Drive
East: Toyopa Drive
South:  Corona del Mar
Viést : Alma Real Drive

Air Quality: good

The Pacific Palisades nei ghborhood appears to be solidly mddle class
with homes sonmewhat on the large side, with a mxture of styles, including
sone that are two and three stories. These homes are generally 20 to 25
years ol d and trees and shrubbery are well devel oped, affording sone degree
of seclusion. The lots are not very large relative to the size of the homes.
There are no ocean views, but the area is fairly close to the bluffs. The
nei ghborhood in Newport Beach is on top of a hill and the backs of at |east
sonme of the homes on Nottingham Street overlook upper Newport Bay. The area
al so appears to be solidly mddle class. The homes are sonmewhat newer but
conpare favorably in terns of their size and lot size. Census data indi-
cate substantial differences in nmean income, percent private residences,
medi an age of structures and percent of popul ation over 60 years old in the
whol e tracts. Field observations show that these differences are not as
strong in the actual neighborhoods chosen, except in the age of the hones.
Both areas have easy access to beaches, are somewhat renoved from com
mercial /industrial areas and are conparable in terns of income |evels and
lifestyle

4, lrvine and Pal os Verdes

Irvine: Geentree homes, small portion of census tract #525

Boundaries: Northwest: Culver Road
Nort heast: Wal nut Avenue
Sout heast: Yal e Avenue
Sout hwest: boundary of the devel opnent

Air Quality: fair
Pal os Verdes: Beechgate Drive area, portion of census tract #6704.02.

Boundaries: North: Silver Spur
South:  Crest Road
Air Quality: Good
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The census data on this pair does not match well in terns of income,
persons per household or percentage of people over 60 years ol d. However,
the Irvine tract, #525, is a very large tract enconpassing nmuch agricultura
land and several retirement comunities. Therefore, census data do not ac-
curately reflect the situation in the chosen area. The Geentree Hones de-
vel opment is two to three years newer than in Pal os Verdes; the houses may
be slightly smaller but the lots are of simlar size. Inspection showed
that the two areas are conparable in terms of lifestyle and age structure.
Both are upper mddl e class areas, have about equal accessibility to beaches
and are in areas of simlar tenperatures. Also, both are |ocated very close
to “classy” shopping centers and main arteries. They differ in that Palos
Verdes is hilly, while Irvine is flat. Geentree Hones is unenclosed
devel opment, where the Palos Verdes area is not. The field observations
indicated that this was one of the better pairings

5 Encino and La Canada

Enci no: portion of census tract #1396.

Boundari es: North: Ventura Freeway
East : Bal boa Road
South: Rancho Street
W\ést : VWhite Cak Avenue

Ar Quality: fair

La Canada: south-central portion of census tract #4607, vicinity of
Chevy Chase Drive and Berkshire Drive.

Boundari es: North: Foothill Boul evard
East : Foothi || Freeway

South:  Hghland Drive
Viést : hills west of Chevy Chase Drive and south of
Descanso Drive

Ar Quality: poor

Encino has a conmercial strip (Ventura Boul evard) through the center
while the La Canada area has a simlar devel opnent around the fringe. The
Encino area consists mainly of ranch style houses with fenced yards and
gates across the driveways. It is hilly, the hones are secluded because of
trees and bushes, and there are several private roads scattered throughout.
La Canada has a very simlar appearance. Both are inland with simlar sum
mer tenperatures and incones are conparably high. The census data show
significant differences only in the percentage of private residences. How
ever, the areas chosen are alnost entirely private residences; this should
not be a problem This is a very good match as seen in both the field
experience and in the census data

6. Huntington Beach and Redondo Beach

Huntington Beach: central portion of census tract #993.03.
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Boundari es: North: Adans Avenue
East : Beach Boul evard
South:  Frankfort Avenue
st : Al abama  Street

Air Qality: poor
Redondo Beach: eastern portions of census tracts #6205.01 and 6205.02.

Boundari es: North: Manhattan Beach Boul evard
East: I ngl ewood Avenue
South: Artesia Boul evard
Viést : Rindge Lane

Air Quality: good

Both areas are in beach conmmunities with simlar income |evels and
tenperatures and about equal accessibility to beaches. Both border closely
to commercial strips. The Redondo Beach area is very honogeneous in the
type and quality of houses. Most are small, stucco bl ock houses with 800
to 1000 square feet of floor space. They have small yards and are noder-
ately well kept. There are a few duplexes and apartments mxed in with the
single famly dwelling units. The Huntington Beach area is not as hono-
geneous as Redondo Beach. The average house and | ot size is about the same
but the variance is greater. Railroad tracks run close to the western
boundary (Al abama Street) and that vicinity was avoi ded in the sanpling. The
census data match well except that Huntington Beach area has nore ol der
peopl e and fewer persons per household. These two neasures are probably
related and are reflected in the areas chosen. The field observations indi-
cated that this is a fairly good match and probably the best available in
the two comunities.

3.5 Anbient Concentrations for the Paired Areas

Enpl oying the data frommonitoring stations in the South Coast Air
Basin, Table 3.2 was constructed. Consideration was given to the basic
wind patterns in the area

Focusing on total oxidants, nitrogen dioxide and total suspended par-
ticulates, isopleth maps were constructed for each pollutants. Finally, an
average isopleth was constructed. Figures 3.1-3.4 represent these maps
Finally, Table 3.3 presents the arithnetic average for 1975 for the daily
maxi num hour |y average concentrations for the sanple areas enployed in
Figures 3. 1 - 3.4.
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Table 3.2

South Coast Air Basin Pollutant [Information

Daily Maximum Hourly Average Concentration Hourly Average Concentration of Various Total Suspended
of Various Pollutants in South Coast Air Basin) Pollutants in South Coast Air Basin Particulates by Hi-Volume
(Arithmetic Average - 1975) (Arithmetic Average - 1975) Method Fiberglass Filter)
(Arithmetic Mean - 1975)
Pollutant Total Carbon | Sulfur | Nitrogen Total Total Carbon | Sulfur | Nitrogen Total
Oxidant | Monoxide| Dioxide | Dioxide | Hydrocarbons| Oxidant | Monoxide | Dioxide | Dioxide | Hydrocarbon Total Suspended 3
Stacion (pphm) (ppm) [ (pphm) | (pphm) (ppm) (pphm) (ppm) | (pphm) | (pphm) (ppm) Particulate (mg/m )
Anaheim 3.7 6.5 9.2 4:6 1.2 2.9 .6 54 2.9 112.0
Azusa 10.7 5.6 Vo 10.6 5.0 3.6 3.7 15 6.0 3.7 125.9
Burbank 8.6 10.7 24 12.7 6.2 3.0 5.8 1.5 7.4 3.8 -
CoscaMesa 4.3 11.4 2.6 5 B 1.8 4.8 9 3.0 - 83.9
El Toro 1.9* 3.4* 1.1* 6.7* 1.7 9% 1.7 2* 3.8* 1.3 64.9
La Habra 6.4 8.1 2.9 10.9 3.8 1.8 3.3 .8 6.4 2.2 120.3
Laguna Beach 3.3 4.5 1.8 9.8 - 9 2.3 5 3.9 - 771
Lennox 3.8 104 51 10.1 5.3 17 4.2 2.0 5.6 29 101.1
Long Beach 3.3 7.2 5.2 11.0 - 1.5 4.2 2.1 6.2 - -
Los Angeles 8.0 10.0 3.3 12.9 4.4 3.0 4.7 2.0 6.7 2.8 113.7
Lynwood 4.2 111 3.9 9.2 - 1.9 5.9 1.9 5.2 - -
Newhall 9.0 5.0 1.8 5.6 3.9 3.5 2.7 1.2 3.2 2.6 -
Pasadena 10.5 8.9 2.5 14.1 4.2 3.6 3.9 1.6 8.2 29 108.2
Pomona 9.8 6.1 2.8 11.9 4.0 3.3 3.3 14 7.2 3.3 R
Reseda 9.9 7.6 1.6 11.8 3.7 4.2 3.7 11 6.4 2.1 123.8
West Los Angeles 5.9 7.9 2.6 134 5.3 2.5 2.9 15 6.8 29 86.2
Whittier 6.1 6.7 5.8 12.5 51 2.3 3.0 25 7.2 3.2 -
Redondo Beach - - 3.2 - - - - 14 - - R
Santa Ana Canyon - - 4 ) - - - A - - 98.3
Los Alamitos ) - 5.3 34 - 13 - 1.9 110.8

e Indicates 1974 data.



09

- Isopleths for Nitrogen

Dioxide Levels in the South Coast Air Basin

———

\\/-

Canoga Pack

91x

Encino

Pacific

13.0
Culver City

Nitrogen Dioxide
{PPHM)

Poor:
Fair:
Good:

>11 pphm
9-11 pphm
<9 pphm

POQOR

® {ndicates air monitoring station.

I

Figure 3.1

M La Canada
1.2

Montebello
»x 127

Huatingtd
Beach

El Monte
¥ 125

X 125
Whittier




19

Isogleths for Total Oxidant Levels ip the South Coast Air Basin .
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Isopleths for Total Suspended Particulates in the South Coast Air Basin
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Isopleths for Nitrogen Dioxide, Total Oxidant and Total
FPotal Suspended Particulates in the South Coast Air Basin
Figure 3.4
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Table 3.3

Dai |y Maxinum Hourly Average Concentrations of Various

Pollutants in the South Coast Air

(Arithmetic Average -

Total Oxidants

(pphm
Mont ebel | o 7.0
Culver City 5.8
Canoga Park 7.5
El Mnte 10.1
Enci no 7.0
Pacific Palisades 3.0
Newport Beach 4.0
I rvine 4.0
Pal es Verdes 2.0
Redondo Beach 3.5
Hunt i ngt on Beach 3.6
La Canada 10. 2

Ni trogen

Di oxi de
(pphm
12.

13.
11.
12.

11.

64

1975)

7
0
0

Total Suspended
Particula,tes

(my! m)
115

88
110
116
105

78

80

75

67

85
115
130



CHAPTER |V
THE SOUTH COAST SURVEY QUESTI ONNAI RE STUDY

4.1 Survey Instrument Design

Chapter 11 reviewed the theoretical and conceptual state of the art in
enpl oying the contingent clainms nechanisns. The essential questions addres-
sed implicitly in the discussion with regard to aesthetics and health ef-
fects in the South Coast Air Basin are: whether a valuation for an environ-
mental good can be disaggregate into characteristic parts, the relative
efficacy and consistency of bidding and substitution formats in acconplishing
this task, and whether a survey instrument can be properly designed enabling
the estimtion of the overall contingent valuation equation. This chapter
wi |l present the structural design of the survey instrument, the method of
choosing the accompanying photographs, the survey inplenentation procedure,
and prelimnary statistical results from the iterative bidding conponent of
the survey instrunent.

The structural conponents and the directional flow of the survey instru-
ment are presented in Figure 4.1. Many types of information are sought by
the survey instrunent. The first conponent can be viewed as establishing
baseline information about the respondent. The respondent’s current indoor
and outdoor recreational activities, costs of both types of activities,
| ocation of the activities, the frequency and duration of activities, and
the inportance of the activities are established. The respondent is held
to a “typical week” tinme budget for indoor and outdoor activities that was
initially established in the questioning process.l/ This information was
then entered on the indoor/outdoor activity and cost lists in Tables 4.1 and
4.2,

At this point the interviewer presented information relating to either
aesthetic effects of visibility or health effects in the South Coast Ar
Basin. Recalling the earlier discussion about information bias, the alter-
native initiation points for beginning the valuation process were a poten-
tial factor in the final results. That is, in disaggregating an environ-
nmental good down into characteristic conponents, does the order in which
the characteristics are presented affect not only the final sumed val uation
of the good but the characteristic parts valuation? |In order to test this
hypot hesis, information was obtained as presented in Figure 4.2. First, the
sanpl e popul ation was broken into two groups: those mailed a health bro-
chure (as in Appendix B) and those provided no additional aesthetic or
health information other than that presented in the survey instrunent. Sec-
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Information Collective Flow for Survey Instrunent
Figure 4.1
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Table 4.1

Outdoor Activity and Cost List

Times Location " Miles

Hours Direct ~ Equipment
Per Week Per Week (Map Grid) Traveled Costs Replacement

Activi;y B|C AIlBIC]|D|A ' Bj{C|DJ|A|B]C]|D B | C 2 Day Costs Importance
Outdoor Spectator ‘

Sports
Tennis
Biking
Beach Activities
General Exercise
Fishing
Swimming
Sailing
Jogging/Walking

" Hobbies, Arts &.Crafts

Outdoor Gardening or

Fixing up House
Golf
Hiking
Camping
Otgenizéd Sports Events
Individual Sports

Events —

Other (specify)
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Table 4.2

Indoor Activity and Cost List

Activity

Hours Times Location Miles Direct
Per Week .___Per Week (Map Grid) Traveled Costs
B| C A| B| C Al By C| D B{ C B |C

X Day

Equipment
Replacement
Costs

Importance

Indoorxr Sﬁectator Events

Indoor Tennis

Raquetball, Handball

Table Tennis

Bowling

Indour Cardening or
Fixing up House

General Exercise

Organized Sports Even;s

Reading

Television

Movies

Club Activities,
Organizations

Indiviéual Sports

Swimming

Visiting Neighbors or
Friends

Other (specify)
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Figure 4.2

Informtion Sequence in Survey Instruments
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end, these two groups were further subdivided into two additional categories
according to the sequence of information presented in the survey instrunent
Either a single individual was asked val uation questions about air

quality characteristics in an aesthetic affects, aesthetic plus acute

health affects and aesthetic plus acute plus chronic heath affects

sequence or acute health affects, acute plus chronic health affects

and acute plus chronic health plus aesthetic affects. Data collected in
this manner would allow a statistical test of ordering and initiation

point effects in the overall valuation effort.2/

An iterative bidding format was adm nistered based on a contingency
perturbation fromthe existing conditions presented to the respondent. This
represented an inprovenent fromthe original condition in the resident’s
air (i.e., poor to fair, etc.). The bid was established using either a util-
ity bill or a lunp sum nonthly paynment as the vehicle. Further, in order to
be able to observe any individual time discounting, the clean-up period was
set forth as either 2 or 10 years. Additionally, three alternative starting
points of $1, $10, $50 were enployed to initiate the actual bidding process.
Finally, some respondents were handed a “life table” that would show the
total amount they woul d pay as long as they lived in Los Angel es dependi ng
upon their bid. Thus, the iterative bidding format within the survey instru-
ment enpl oyed structural characteristics that allowed for eventual testing
of all the potential bias discussed earlier.

After the recording of the maxinum bid, the interviewer noved to step
3. This step initially established the followng: (1) the respondent had
stated a willingness to pay for inprovements in air quality (even if zero);
(2) the respondent had |less noney overall as a result; and (3) thus (1) and
(2) indicate they value clean air and thus they have traded income for clean
air. Then the respondent was queried as to whether the inproved air quality
conditions would alter their current activity patterns in any or all cate-
gories (i.e., tine, duration, place and/or type). Thus colum B of g?bles
4.1 and 4.2 were filled out with the time constraint being checked

The beginning of step 4 essentially repeated steps 2 and 3 in procedure,
however, the information content was different. Consider previous bidding
ganes as a focal point. Typically, the process would involve yet another
perturbation of the environnental good in question. However, we are inter-
ested in attenpting to disaggregate the characteristic parts of the environ-
mental good air quality into aesthetic affects, and acute and chronic health
affects. Thus step 4, depending on whether step 2 begins with information
on aesthetic or acute affects, presented either acute health affects infor-
mation for the former point or chronic health affects information for the
latter initiation point. The same initial vehicle was enployed. |f the
“life table” was used earlier it again was made available. The bidding
began with the last maximum stated bid of the previous step. Step 5 again
repeated earlier conditions (i.e., the trade of income for |ess health
effect) and the outdoor and indoor activity/cost lists were filled in for
colum C
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At the initiation of step 6, information regarding the last remaining
characteristic of the "good” air quality was provided which was either health
affects for the aesthetic initiation point or aesthetic effects for the acute
initiation point. Then the procedure for the iterative bidding was repeated
Simlarly, step 7 represented a repetition of the substitution sections

Finally, at the termnation of step 7, a final review of bidding struc-
ture and the substitution answers were reviewed. The respondent was
allowed any adjustnents that were deemed necessary. 4/

Upon conpleting the iterative bidding and substitution sections, a
series of general information questions covering socioeconom ¢ information,
property value information of the residence, type of residence (i.e., nunber
of stories, pool, roonms, etc.), reasons for current |ocational choice, health
related questions (i.e., heart trouble, nedication, etc.), and attitudinal
questions relating to air quality were admnistered. This is step 8 in
Figure 4.1

Finally, step 9 involved a respondent’s evaluation of the survey (i.e.,
relevant, policy oriented, €tc.) and an enunerator evaluation

4.2 The Phot ographs Acconpanyi ng the Survey

The survey instrunent in depicting air quality in the South Coast Air
Basin enployed picture sets. This section will discuss the underlying
consi derations in constructing the picture set enployed in the South Coast
Air Basin.

Visibility is dependent on light. Light is a formof energy, made up
of electromagnetic energy, and is really a formof matter made up of indi-
vidual particles (photons). Light travels in streans and is subject to any
interference in its path. Light waves can bend, spread, interfere with one
another, and react with obstacles. Visibility is the state or quality of
being perceivable to the eye. It is a subjective termin its common usage
referring to the general clarity of the air. In its nore strict use, visi-
bility is defined as the farthest distance that any object of suitable size
can be visually identified without the aid of magnifying instruments. Both
the common and strict definitions of visibility suffer from lack of precise
nmeani ng because of the many variables which are difficult to control. There-
fore, it is inportant that nore precise definitions of visibility be ex-
plored in order to use the concept accurately.

There are three characteristics of a light wave that are of concern
(1) its intensity, which is related to the height of the wave crests and
indirectly determnes brightness of the light; (2) the wave Iength, which
depends on the distance between crests and largely determnes color; and
(3) its polarization, the angular orientation of the crests. These three
characteristics are influenced by what happens when the |ight waves come in
contact with other matter. In particular, we are concerned with how these
characteristics affect changes in visibility as |ight waves interact with
particulate matter in the atnosphere.
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There are two issues in the way light affects visibility. First is the
ability of an object to reflect light in such patterns as define the visua
characteristics of the object. Second is the ability of that reflected
light to reach the observer in such a way as to differentiate the charac-
teristics of an object from the background. First, let us assume that

every object except a perfectly black object, reflects light some distance.
Further, if the light reflected from an object reaches an observer and that
object is distinguished from the background, it is said that the object is
visible to that observer. Visibility is not only dependent on |ight but
upon the distance between the object and the observer. As the distance
increases, less and less light reflected from the object reaches the ob-
server until the object is no longer distinguished from the background

Wien the observer can no |onger distinguish the object from the background
the object is said to be beyond the visible range. In summary, the visi-
bility of an object illumnated by |ight depends upon the apparent contrast
between the object and its background, the ability of the observer to dis-
tinguish the object fromits background, the size of the object and the
angle of reflection, and the condition and technique of observing

Three definitions of visibility are conmmonly found in the literature.

Visual Range: A dark object is noved through the atnosphere toward the
horizon sky. As the distance between the object and observer increases
contrast between the object and horizon sky decreases. At sone dis-
tance the contrast between object and horizon sky becones too small

to be distinguished, and the object “vanishes.” The distance between
the observer and the object at the “vanishing point” is the visual
range.

Prevailing Visibility: The greatest visibility which is obtained or
surpassed around at |east half of the horizon circle, but not neces-
sarily in continuous sectors.

Met eorol ogi cal Range:  The distance at which the contrast of an object
I's reduced to the point where the human eye can no |onger distinguish
it fromthe background, or that distance for which the contrast
transmttance of the atnosphere is two percent.

It is possible under a certain set of circunstances to nmeasure visi-
bility by using photography. Stephens (1949) developed a method for nea-
suring photographically the “extent to which visual range has been reduced
by haze.”

Briefly, the technique involves photographing (on black and white film
bl ack objects that are far enough away to be obscured. Then the photo-
graphic densities of the objects and the adjacent sky are neasured on the
negative. Calculated from these relative densities are the visual range
distance of the object, and contrast of the film

The theory of photographic photonmetry, used to calculate |ong-range

visibility, as in Roberts’, et. al. (1974) study of visibility neasurements jp
the Painted Desert, states that if a “black object of sufficient size is

nmoved through the atnosphere away from the observer, the object wll appear

to become brighter as the distance from the observer increases, even though
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the level of illumnation remains constant.” The apparent increase in
brightness is the result of |ight being scattered as it noves toward the
observer by suspended aerosol particles in the air between the object and the
observer. The effect of an apparent increase in brightness illustrates the
reduction of light as it moves through air that contains particulate. It

is this effect that is detected by the technique of photographic photometry.

The apparatus utilized in photonetry is very sinple. Al that is needed
are a canera, a positive gray scale, some nmeans of measuring the distance
from the observation point to the object photographed, and a densitoneter
A densitoneter is the devise by which the relative densities on the negative
are neasured

Unfortunately, photographic photometry has various problenms which may
cause problems in insuring reliable results. First, for the purposes of this
study, it is crucial to differentiate between visibility reductions due to
natural haze and polluted haze. W are attenpting to neasure the increase
in haziness (the decrease in visibility) made by pollution. Photometry
sinply measures the visible range, without regard to the differentiation of
natural and polluted haze.

There are interrelations anong the specifications for the object, the
densitoneter, and the camera. The size of the image on the negative whose
density is to be neasured depends on the size and distance of the object
and on the focal length of the lens. The mninmum size of the image that can
be used depends on the characteristics of the densitometer utilized. To
further conplicate the interrelation, since with any ordinary lens the
illumnation at the focal plane rapidly decreases toward the edges of the
frame, it is necessary to find what area of the negative is satisfactorily
uniformin relation to the particular camera utilized. This illumnation
function is found by trial and error and is beyond the scope of our present
efforts

| deal |y, data should be obtained by photographing distinct objects in
each possible _direction once each hour from each sanple area and from one
gener al area. 5 At least two distinct objects should be included in each
observation path to insure that, regardless of the atnospheric conditions,
data can be obtained from the photographs. It is desirable to include views
in all quadrants because of visibility and meteorological differentials
across areas. (bservation points were chosen with these criteria

Ve define “object” as sonme unique natural or man-made phenomenon in the
| andscape that is distinct fromits imediate surroundings. “Qbservation
path” is the line of sight. It is inportant to properly identify and |ocate
objects in the observation path, certainly if accurate neasurements are to be
made. It further hel ps the respondent gain perspective when view ng the
picture set. Proper identification and measurement of objects in each
observation path chosen was acconplished using city and topological maps as
wel | as visual inspection

“Chservation point” is sinply the place in each area from which photo-
graphs were taken. Earlier in this report we noted that one criteria in the
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selection of sone sanple areas in the SCAE was a view. Therefore, obser-
vation points in the sanple that are with a view were chosen with the aim of
representing to respondents within each sanple area a scene that they typ-
ically observe. In this way, it was intended that the photographs woul d
merely serve as a remnder to respondents of the changes in visibility due to
air quality.

Certainly the nost inportant consideration is what is contained in each
observation path and therefore in each picture. Ideally, each observation
path shoul d have at |east two readily recognizable objects with which the
majority of respondents are famliar, allowng themto estimate easily visibility
by the contrast of those objects. The observation paths and the objects
therein shoul d be concerned foremost with the portrayal of a visibility
gradient (in our study, “good,” “fair,” and "poor”), and should be very care-
ful to exclude objects that may trigger bias in the respondent in responding
to something besides visibility (or health affects). For exanple, a free-
way interchange in the picture may stir up negative feelings in the respondent
even before the respondent considers the inpact of changes in visibility.

Such undesirabl e characteristics in the observation paths may increase the
chance for bias in the valuation procedure.

Anot her very inportant consideration was to insure consistency in field

operations. There was a standard operating procedure at each observation
poi nt. Each photograph was taken with identical equipnent. |n order to as

closely as possible duplicate the quality of photographs from each |ocation,
each photograph was taken with the same nmodel Mnolta SLR canmera, 135 mm
lens (used for the photographs the respondents saw), 55 nmmlens (to record

on filmthe local weather conditions for future reference), and the sane high
quality professional color film®6/

Crucial to the photographic data collection effort and the standard-
ization of field operations was for each photograph to be accurately | ogged
Thus, each frame of exposed filmwas | ogged and each step in the procedure
was carefully recorded so as to mnimze discrepancies between observation
poi nts.

For each exposed frame, the researcher kept a record of various char-
acteristics. The time and date of exposure is inportant in order to co-
ordinate the data the research teamcollects in the field with the data
collected by the local airports and local air nonitoring stations. The F-
Stop (aperature opening) and shutter speed were recorded so as to further
estimate changes in visibility. Since the photographs were going to be shown
to respondents as well as analyzed, it was inportant to insure the quality
of the photographs. By quality, we mean that each photograph nust be an
accurate rendition of the air quality as prevailed during each exposure. In
order to insure a proper exposure, each photograph was “bracketed.” That is
for each photograph one frane was taken with a normal meter reading, then
one frame of the same observation path was “underexposed” (meaning one F-
Stop above nornal keeping the sane shutter speed as for the normal photo-
graph), then one frame "overexposed.” In this way we were assured that the
best possible representation on film of each observation path was produced.
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It shoul d be enphasized that the objective of these photographs is to
portray to respondents changes in visibility due to changes in air quality.
(oservation points and observation paths were chosen primarily on the cri-
teria already listed, but once these sites were chosen, pictures could
only be used if the changes in air quality were such as to represent the
range fromclarity to visual obscurity that is typical for each area during
the year. O course, changes in visibility due to changes in air quality is
quite out of our control. Therefore, we could only use those £hotographs
in the survey instrunment portion of this study that were indeed representa-
tive of the typical range of visibility for any one area. Such photographs
could only be obtained if the air quality was “right.” The results of this
effort are summarized bel ow.

Phot ogr aphs were taken from seven sanpl e area observation points and
from one general site observation point. By “general site” we nean sone
area or viewthat would likely be famliar to nost of the respondents no
matter where they lived in the South Coast Air Basin.

Figure 4.3 entitled “Los Angel es Cbservation Paths” depicts the seven
sanple areas and the Giffith Park CObservatory. The map is scaled as shown
and each vector emnating fromspecific observation points represents fif-
teen mles.

The Giffith site afforded three excellent observation paths: (1) to-
ward downtown Los Angeles, with large buildings approximately five mles
fromthe observation point; (2) down Western Avenue toward |arge buil dings
approximately four mles away and toward two sets of hills in the back-
ground; and (3) southwest toward |arge buildings near Beverly Hlls.

Recal | that we have six pairs of sanple areas:

1) Canoga Park* El Mnte

2) Culver City* Mont ebel | o*

3) Newport Beach* Pacific Palisades
4) lrvine Pal os Ver des*

5) Enci no* La Canada*

6) Huntington Beach Redondo Beach

Those areas marked with an asterik (*) were chosen as tentative sites
for observation points. A brief description of each observation path from
each site is as follows:

La Canada: (4) northeast across the basin toward nountains; and (5)
northwest through the basin toward the mountains

Encino: (6) northeast toward large buildings with nountains in the
background; (7) north toward two sets of large buildings at different
distances with mountains in the background; (8) north-northwest toward
large buildings with nountains in background; and (9) west down Ventura
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Figure 4.3 . _
(oservation Paths in the South Coast Air Basin
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Boul evard toward the nountains

Canoga Park:  (10) north-northeast toward |arge buildings wth noun-
tains in the background; (11) north toward sets of large buildings with
mountains in the background; and (12) west toward a set of large buildings
with nountains in the background

Culver City: (13) northwest toward a set of large buildings with
mountains in the background; (14) west toward buildings in Santa Monica; and
(15) southwest toward two large buildings in Marina Del Ray.

Pal 0s Verdes: (16) north toward buildings in Beverly Hlls; and (17)
north-northeastern toward large buildings in downtown Los Angeles with noun-
tains (Giffith Park) in the background.

Mont ebel l 0:  (18) south-southwest toward buildings; and (19) southeast
toward Wiittier with hills on one side of the observation path.

Newport Beach: (20) northeast toward buildings with two sets of moun-
tains in the background; and (21) east across the Bay toward hills with noun-
tains in the background

~ On numerous occasions, photographs were taken from the eight obser-
vation points and the twenty-one observation paths. For each observation

path, of course, the attenpt was to photograph “good,” “fair,” and “poor”
days of visibility. This was successfully acconmplished for the Giffith
Park site, but was unsuccessfull for all specific sanple areas except Encino.
For the other areas, we were unable to obtain the necessary gradients in the
phot ographs that would represent the typical range of visibility for each

ar ea.

The photographs used in the asking games for each sanple area were the
observation paths fromGiffith Park toward downtown Los Angel es and down
Vlestern Avenue. Figures 4.4a-c present the actual photographs in a black
and white version. The visibility for picture set A (poor) was estimted at
2 mles, for picture set B (fair) at 12 mles, and for picture set C (good)
at 28 mles.

The researchers were unable to obtain a poor air quality picture set
for the Giffith Park area with the sane light and color characteristics
as the good and fair picture sets, although pictures were obtained for this
location of approximately 2 mles. Inconsequence, the researchers sub-
stituted a picture set with simlar foreground and |ight and color charac-
teristics taken at approximately the sane tinme in Orange County, California

4.3 The Surveying Procedure

This section will detail the actual sanpling procedures given the
sanple plan discussed earlier. The, first task was to identify a group
in each paired area to receive a health brochure. The second task was the
actual admnistering of the survey instrument.
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Figure 4.4a
(Good)
Photograph Depicting Observation Paths for "Good" Visibility
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Figure 4.4b
(Fair)
Phot ograph Depicting Coservation Paths for “Fair” Visibility
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Figure 4.4c
(Poor)

Phot ograph Depicting Observation Paths for “Poor” Visibility




Late in September 1977, a team of University of Woning and University of
Sout hern California personnel contacted by tel ephone a random sanple of the
popul ation in each of the twelve final sanple areas. The team was equi pped
with reverse tel ephone directories (i.e., phone directories listing people
by address instead of by name) which enabled accurate isolation of nanmes and
addresses of potential respondents within the boundaries of each sanple area
Once streets and addresses were |ocated within each sanple area, a random

nunber generating table was utilized to pick the names of potential respond-
ents from each street.Z. This was done to insure that no bias would be

introduced into the telephone sanpling process

Peopl e were then randomy contacted by tel ephone until at least thirty
peopl e per area had agreed to cooperate with the research teamin the air
quality study. Thus a mninmumof 360 people, distributed over twelve sanple
areas in the Los Angeles Basin, were to be the respondents in the asking game
portion of the study.

Then in Spring 1978; half of the potential respondents were sent a
heal th panphlet entitled "Air Pollution and Health,” The half of the poten-
tial respondents receiving this panphlet was to be the group upon which we
woul d test a learning hypothesis of the asking games. Approximately 180
potential respondents conprised this group.

In early March 1978, a research team conprised of staff and graduate stu-
dents fromthe University of Womng and a simlar teamfromthe University
of New Mexico went to Los Angeles to begin the survey instrument portion of
the study. The two teams were divided into four groups in order to sanple
each of the twelve sanple areas nost efficiently.

The first order of business was to contact each of the potential re-
spondents by tel ephone and set up appointments with them Al though nost of
the potential respondents could be reached by tel ephone, an unexpectedly
hi gh percentage of persons who had previously agreed to cooperate with us
in the study declined the interview. This drastically cut the potential
respondent list and forced alternative nethods of sanpling

Because of this setback, the sanpling process was broken into three
parts. First, of course, we arranged interviews with those respondents
fromour original lists who had said they were willing to cooperate and who
were still interested. Second, we once again utilized the reverse telephone
directories to set up new appointments with people in each sanple area
Third, each sanple area was canvassed by menbers of the research team by a
door-to-door method. By this procedure the sanple size was approximtely
345 interviews successfully conpleted by the research team Table 4.3
presents the breakdown of the resulting sanple by type of survey instrunent.

4.4 Prelimnary Empirical Results for the Iterative Bidding Portion of
The Survey I nstrunent Study

This section will present prelimnary results of the iterative bidding
format portion of the contingent valuation study. Initial bias tests wll
be presented including vehicle bias, starting point bias, and the potential
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Table 4.3
Survey Instrument Type Breakdown

Questionnaire Health Pamphlet No Health Pamphlet §
Type Aesthetic Acute Aesthetic Acute Total by Area

Location Male Female Male Female Male Female Male Female by Type
La Canada (A » B) 1 1 1 1 2 7 4 1 18
La Canada (A » C) 4 2 5 3 4 14
El Monte (A » B) 2 S 6 3 16
El Monte (A » C) 5 7 2 6 2C
Montebello (A » B) 1 1 3 5 4 4 18
Montebello (A 4+ C) 2 3 1 3 5 2 4 20
:Canoga Park (B » C) 4 6 4 3 3 20
“Encino (B » C) 1 2 8 6 s 5 28
Culver City (B » C) 1 1 1 2 4 8 4 9 30
Pacific

Palisades (C + C*) 3 1 2 5 3 1 6 21
Redondo Beach (C + C*) 3 1 3 2 5 4 27
Palos Verges (C » C*) 3 2 1 7‘ 7 20
Huntington

Beach (B » C) 1 2 1 5 8 7 16 40
Newport Beach (B + C) 4 3 4 7 2 2 2
Irvine (B - C) 1 3 ‘ 7 7 ' 4 5 27
TOTALS . 12 24 16 12 62 89 51 79 345




for sequencing effects. Additionally, sone prelimnary regression results
wi Il be discussed in Appendix D

Table 4.4a,b presents the mean total bids by area partitioned by proposed
clean-up date. The results in Table 4.4a range from $47.75 per nmonth for the
Pacific Palisades area to $4.50Per nonth in the Newport Beach area 8/. This
difference in nean bids between Pacific Palisades and Newport Beach is not
fully understood at this tine. As was set forth in the theoretical Chapter
1, these results are not conmensurate with economc expectations. This
probl em can be investigated when the substitution results are integrated into
the anal ysis.

Appendi x C presents tables for cumulative mean bids by sequence where ei-
ther aesthetic or acute information is presented first by area and differentiat-
ing between a 2 or 10 year clean up time horizon. Al other potential effects
such as biases are assumed zero. The results presented in the appendices form
Jﬁe ﬁasis of some sinple statistical tests. The tests to be considered are

et her:

1. the area nean bids are significantly different from zero;

2. the aesthetic, acute, chronic_and total bids for the paired
areas are significantly different;

3. the results indicate the existence of starting point, vehicle
or sequencing bias; and

4. the results indicate different bidding behavior when individuals
were offered different conpletion dates for cleanup

The results of the t-tests regarding the equality of area mean bids
being statistically different fromzero are presented in Table 4.5. O
interest is whether the results of the test allow the null hypothesis to
be rejected. In all but the one case of Mntebello area for the chronic
bid, the null hypothesis is rejected with 90% confidence. Sone cases sug-
gest higher levels of confidence. Thus, we can initially infer that in
all areas, the values individuals place on the three characteristics of air
qual ity under consideration tend to be non-zero.

In Table 4.6, the equality between bids between the paired areas is
tested for the three characteristics and the total bid. Only two pairs
reject the null hypothesis that the two areas’ nean bids are equal: Paci-
fic Palisades/ Newport Beach and Cul ver City/Mntebello. The former was for
aesthetic, acute, and the total bid while the latter was for the acute health
bid only. The purpose of this test can be seen in reference to the discus-
sion in the contingent valuation theory section. At issue was the difference
between a bid fromthe property value study in conparison to the iterative
bi dding study. Recall that a contingency proposed to an individual was
moving him along an indifference curve. “Assumng that each area represents
a homogeneous set of preferences which differ across areas, the test in
Table 4.6 asks whether the novenent in dollar amount is the sane across the
paired areas.
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Table 4.4a
Mean Bids by Area by Type*
(Compl etion Date of COeanup, 2 Yrs.)

Mean Bids ($/month)
Acsthetlc § Acute llealeh | Chronfe Health | Total
Areca Bid Bid Bld Bla, __

El Monte (A » ¥) 1.50 6.10 1.20 8.80
(0.67)#* (2.58) (0.66) (2.99)

(10)*4* (10) 10) {10)

El Monte (A » C) 3.6t 3.14 3.3 16.11
(6.14) (1.40) (2.07) (8.30)

1) ) L1 (2)

La Canada (A -+ B) 9.43 1.29 1.57 12.29
{9.61) (0.75) (1.41) (6.83)

1) (7) (7} )

La Canada (A » C) 11.30 5.20 11.00 27.50
(7.48) (2.06) (5.91) (7.50)

(10) (10) Q0 Q)

Montebello (A -+ B) 2.56 5.67 1.22 9.44
(1.16) (2.92) (1.10) (4.03)

(9) (9) (9) 9

o

Montebello (A + C) 19.90 6.18 5.09 29.80
(14.53) (2.36) (4.51) (19.04)

10) (11) 1) (10)

Canoga Park (B + C) 4.50 13.44 3.00 20.94
(2.55) (3.87) (1.82) (5.82)

(8) (8) (8) (8)

Culver City (B + C) 5.81 16.81 7.75 30.38
(3.04) (6.36) (3.35) (9.97)

(16) 16) (16) 6)

Encino (B + C) 8.41 8.74 1.68 18.82
(2.08) 3.37) {0.79) (3.06)

an Qan Qa7 (17)

Huntington Beach (B + C) 9.68 7.10 3.42 20.26
(3.66) (1.82) (1.36) (5.71)

(19) (20) (19) (¢1)]

Irvine (B » C) 5.17 13.53 2.87 21.57
(1.50) (5.04) (1.23) (4.79)

QA5) (15) Q1s) - (15)

Newport Beach (B + C) 3.10 0.70 0.70 4.50
(0.97) {0.40) (0.48) (1.11)

. (10) 10) (10) 10)
Pacific Palisades (C - C*) 18.00 21,00 8.75 471.75
(11.86) (12.46) (6.03) (29.41)

(8) (8) (8) (8)

Palos Verdes (C » C*) © 2,41 9.97 1.13 13.50
(1.23) (5.89) (0.64) (5.58)

(8) (8) (8) (8)

Redondo Beach (C + C*) 5.29 10.07 2.21 17.57
(2.64) (4.17) (1.54) (6.14)

(14) (14) (14) Q4)

_* The implicit assumption in this table has been that of strict additivity
of bids for each air quality effect. In obtaining the mean bids: (1) no
differentiation has been made with respect to the bidding secwence; (2) no
differentiation has been made whether a health pamphlet has or has not been
sent to the respondent in advance of the interview; (3) no differentiation
has been made with respect to the different proposed vehicles for the
collection of bids; and 4£no differentiation has been made whethera
life table has or has not been shown to the respondent during the interview.
A life table depicts the "stock" counterparts of the elicited monthly bids
for various expected lifespans.

** Standard error of the mean bid in all cases.
*** Sample size of each case in all cases.
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Tabl e 4. 4b

Nean Bi ds by Area by Type *
(Completion date of Ceanup: 10yrs.)

Mean Bidge ‘§£.onth)

Acsthetic | Acute Health | Chrounic Healch Total

Area Bid Bld By Bid

El Moate (A + B) 1.67 11.89 1.11 14.67
(1.67)a2 (5-28) (1.11) (5.5%)

(9) han ) 9) 9

El Monte (A + C) 4.17 5.33 1.17 10.67
(1.54) (3.07) (0.83) (2.97)

(6) (6) (6) €6)

La Canada (A -+ B) 3.80 15.60 9.50 28.90
(1.79) (9.59) (8.96) (12.73)

10) (10) Q0) (10)

La Canada (A + C) 14.43 10.71 0.43 25.57
(7.55) (6.85) 0.43) (7.86)

(€)) () [0 (1)

Montebello (A + B) 2.70 8.80 1.70 13.20
(1.32) (4.73) (0.67) (5.69)

(10) (10) 10) (10)

Montebello (A + C) 4.38 1.38 0.75 6.50
1.52) (0.78) (0.53) (2.28)

(8) (8) (8) (8)

Canoga Park (B + C) 3.48 2.07 0.48 6.03
(1.19) 0.94) (0.33) (1.26)

[¢8)) (11) (11) (1)

Culver City (B + C) 11.08 8.56 4.08 23.71
(4.41) (2.54) (2.10) (8.35)

Q2) (12) (12) a2)

Enctno (B + C), 3.27 5.36 1.45 . 10.09
(1.93) (3.19) (0.65) (3.61)

Qi) Q1) (11) (11)

Huntington Beach (B + C) 10.22 10.79 6.84 28.42
(3-30), (2.83) (2.38) (5.91)

. Q9) (20) Q9) (19)
Izvine (B » C) 10.90 10.5¢4 1.94 23.38
(4.00) (3.92) (0.92) (5.96)

12) (12) 12) (12)

Newport Beach (B + C) 1.15 2.00 3.45 6.60
(0.61) (1.09) (2.08) (2.89)

(10) (10) (10) 10)

Pacific Palisades (C + C%) 5.58 14.83 59.67 80.08
(2.14) (3.45) (39.58) (41.34)

(12) (12) (12) (12)

Palos Verdes (C + C*) 5.36 13.09 2.713 21.18
(1.24) (5.12) (1.80) (5.40)

1) an) Q1) Qay

Redondo Beach (C = C*) 12.46 6.96 §.42 23.83
(4.68) (4.05) (1.73) (9.05)

Q2) 12) {12) 12)
_* The implicit assumption in this table hasbeenthatgfsnmz?ddMVny

of bids for each air quality effect. . _In obtaining the mean bids: (1) no

differentiation has been made with respect to the bidding sequence; 2) no
differentiation has been made whether a health pamphlet has or has not béen

sent to the respondent in advance of the interview;
ect to the different propose
no differentiation has been made wherher a

has been made with resAB
RO R e S LR R gy

collection of bids; and (

e 8 e 1Re 2S00

for various expceted lifespans.
** Standard error of the mean bid in all cases.

*** Sample size of each case in all cases.
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Table 4.5

Results of the t-tests Regarding the Equality of Area Mean Bids to Zero*
HO: The mean bid-is equal to zero**
le The mean bid is greater than zero
Type of ’

Name of Area Contingency n Aesthetic Bid Acute Health Bid Chronic Health Bid
El Monte (A > B) 20 Reject Ho at 95% Rejegt Ho at 95% Reject Ho at 95%
El Monte (A+C) 13 Reject Ho at 957 Reject Ho at 957 Reject HO at 95%
La Canada (A + B) 17 Reject Ho at 95% Reject Ho at 90% Azcept Hb
La Carada (A~>C) 17 Reject Ho at 95% Reject Ho at 95% Reject Ho at 95%
Montebello (A~ B) 19 Peject Ho at 99% Reject Ho at 99% Reject Ho at 952
Montebello (A~ 0) 19 Reject_Ho at 90% Reject Ho at 997 Accept Ho
Canoga Park (B > C) 19 Reject Ho at 99% Reject Ho at 99% Reject Ho at 95%
CulYer City (B ~*>0C) 28 " Reject Ho at 99% Reject Ho at 99% Reject Ho at 99%
Encino (B > C) 28 Reject Ho at 99% Reject‘H° at 99% Reject Ho at 9%

(continued)



Table 4.5
(continued)

Name of Area Co'rrlzri’sgzrfxcy n Aesthetic Bid Acute Health Bid Chronic Health Bid
Huntington Beach (B > C) 38 Reject HO at 99% Reject H0 at 99% Reject Ho at 997% -
Irvine (B~ C) 27 Reject Ho at 997 Reject Ho'at 997% Reject Ho at 997
Newport Beach (B > C) 20 Reject Ho at 99% Reject Ho at 95% Reject Ho at 95%
Pacific Palisades , (C + C*) 20 Rej’ecf Ho at 95% Reject Ho at 95% Reject Ho at 90%
Palos Verdes (C + C¥*) 19 Reject Ho at 99% Reject Ho at 99% - Reject Ho at 95%
Redondo Beach (C + C*) 26 Reject Ho at 997 Reject Ho at 96% _Reject Ho at 992

*The bids for each air quality effect are assumed to be strictly separable. |n obtaining the nean bids

n
diff tiation is mde with respect to: (a) different bidding sequences; (b) vehicle used; (c) starting
giod; ISd)erte;gallthI panphl et versus no Ili)1ea|th panp(hl)et ;or (e) life tgbl eqversus no ?lfe table (f) conpletion date of
cl eandp

**(ne-tail ti-1 ;A;“ where u = grea nean hid for a certain air quality effect
? 8 = sanple standard deviation
n = sanple size
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Table 4.6
Results of the Bid Equality Tests of the Paired Communities*
HO: The two mean bids are equal

H,: The two mean bids are unequal

Paired Areas N Aesthetic Bid Acute Health Bid Chronic Health Bid Total Bid
Pacific Palisades 20 Reject H at 99% Reject H at 99% Accept H Reject H at 95%
Newport Beach 20 © : : o o °
Canoga Park 19 Accept H Accept H Accept H Accept Ho
El Monte 33 ° ° 0
Irvine 27 | Accept H Accept H Accept H Accept H
Palos Verdes 19 ° o o °
Encino 28 Accept H Accept H Accept H Accept H
La Canada 34 o ° ° o
Huntington Beach 40 Accept H Accept H Accept H Accept H
Redondo Beach 26 o ° -0 °
Culver City " 28 Accept H Reject H at 95% Accept HO Accept Ho
Montebello 38 e 0

*The statistical test employed was a two-tailed t-test of the null hypothesis (H ) that the mean bids for
each of the paired communities were equal. The test also used a pooled variance estiflate in the celculation of
the test-statistic. The information in the major cells of the table reports the level of significance for the
statistical tests. Rejection of H at the reported significance level means that the test failed to reject H at
a higher level of significance. Ogly three significance levels were tested: 90%, 95%, and 99%. Failure to geject
H means that H could not be rejected at the 90% level or greater. The purpose of the above tests is to check if
tﬁere is a statgstically significant difference between the mean bids of the areas within the same pair. Throughout
this analysis, the bids for each air quality effect are assumed to be strictly separable. In obtaining the mean
bids no differentiation is made with respect to: (a) bidding sequence; (b) vehicle used; (c) starting bid;
(d) health pamphlet versus no health pamphlet; or (e) life table versus no life table (f) completion date of cleanup.



In an iterative bidding format , various types of biases mght be
introduced by the structure of the survey instrument. In this study, the
types of biases selected for examnation were vehicle bias, starting point
bias, and information sequence bias.

A test of means was conducted between the nonthly utility bill and the
| ump sum paynent nmechanismfor the areas by characteristic bid and for the
total bid. Table 4.7 presents the results. The null hypothesis set forth
was that the mean bids. were equal irrespective of the bidding vehicle. For
Montebel | o, Canoga Park, Encino, Huntington Beach, Newport Beach, Pacific
Pal i sades, Palos Verdes, and Redondo Beach, the null hypothesis is accepted
for the total bid. However, for Irvine, Culver City, La Canada, and El Mnte,
we reject the null hypothesis, at |east at the 90% confidence level, for the
total bid. No obvious reason exists at this point in time for this result.
The principle problem area then appears to be in the aesthetic bids.9/

A second bias of concern is that of starting point bias. Recall from
previous discussions that starting point bias results fromthe final bid
being definitely related to the starting bid, i.e., the higher the starting
point, the higher will be the final bid, thus suggesting a type of inform
ation bias. Table 4.8 presents the results of a test for starting point
bias. The structure of the test was as follows. Three starting points of
$1, $10, and $50 were enployed in the survey instrument. This results in
three potential conparisons of starting points for the resulting mean bids
(1) $1 to $10; (2) $1 to $50; and (3) $10 to $50. The null hypothesis was
whet her the total nmean bids were equal within the three conbinations of nean
bids ignoring all other potential effects. For the $1 to $10 pair, the nul
hypothesis of no effect was rejected in La Canada and Encino, The $1 to
$50 pair was rejected for La Canada and Montebello. Finally, the $10 to $50
pair was rejected only for Redondo Beach.

To fully understand why the isolated cases indicate starting point bias,

a greater understanding would require consideration of other systematic

effects in the data set. However, Prelininary evidence based on Table 4.8
suggests that starting point bias is not a major problem for all of the

iterative bidding results

Anot her area of consideration is the question of sequencing of inform
ation affecting the bid structure not only for the air quality characteris-
tic bids, but also the final bid. Recall that bids were collected according
to the follow ng sequences:

1. aesthetic, aesthetic Plus acute, and aesthetic plus acute plus
chronic, or

2. acute, acute plus chronic, and acute plus chronic plus aesthetic.

The question of sequencing is whether the ordering of the bidding process
effects the size of the bid. For instance, will individuals bid a different
amount for aesthetic effects if it is first, as in (1) above, conpared to
being last as in (2) above. Simlarly, will the acute bids vary? Addition-
ally, we are interested in whether the orderings presented in (1) and (2)
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Table 4.7

Results of the t-tests for the Egualit of the Mean Bids
by Sanmple Area by Bidding Vehicle*

I—g The two mean bids are equal

The two mean hids are unequal

H:
Name of Area 't on,tt| Aesthetic Bid Acute Health Bid | Chronic Health Bid Total Bid

El Mnte 20 13 Accept H*** Accept H, Accept H, Reject Hat 909 **
La Canada 22 12 | Accept H, Accept H, Accept H, Reject H,at 90%
Mont ebel | o 21 17 | Accept H Accept H, Accept H, Accept H,

Canoga Park 1 12 Accept H, Accept H, Accept H, Accept H,

Culver City 17 11 Reject Hyat 95% | Accept H Accept H Reject Hat 90%
Enci no 14 14 | Accept H, Accept H, Accept H, Accept H,
Huntington Beach 18 22 | Accept H Accept H, Accept H Accept H

[rvine 9 18 | Accept H Reject Hat 90% | Accept H, Reject H,at 95%

(continued)
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Table 4.7

(continued)

Name of Area nl** nz** Aesthetic Bid Acute Health Bid Chronic Health Bid Total Bid
Newport Beach 13 7 Accept Ho Accept Ho Accept Ho Accept Ho
Pacific Palisades 11 9 Accept Ho Accept Ho Accept Ho Accept Ho
Palos Verdes 12 7 Reject Ho at 95% Accept Ho Accept Ho Accept Ho
Redondo Beach 17 9 Accept Ho Accépt Ho Accept Ho Accept‘H0

“Throughout the questionnaires, two different vehicles of payment are employed.

Some Respondents are

proposed to pay their bids in separate monthly payments, and some others in additions to their utility bills.
This table is prepared to check if the choice of the payment vehicle has any statistically significant effect
on the mean of the bids.

The bids for each bidding stage are assumed to be strictly separable.
differentiation is made with respect to:

In obtaining the mean bids no

no health pamphlet; and (4) life table versus no life table.(5) completion date of cleanup.

**nl H

monthly payments.

kd

(1) starting bid; (2) bidding sequence; (3) health pamphlet versus
Sample size of the interviews in which the respondent was proposed to pay his bids in separate

n,: Sample size of the interviews in which the respondent was proposed to pay his bids as additions to

his utility bills.

***The tests are dome for « = 0.01, « = 0.05, and = = 0.10. "Accept H," means H, is accepted for l-= = Q.90
and higher, i.e., for « < 0,10. "Reject H, at X%" means H, is rejected at the given X% but is accepted at the
next higher l-« value, i.e., 1f x% = 90%, then H, is accepted at 1-« = 95%.



Table 4.8
Test of Means for Starting Point Bias*
I—B' Mean bids are equal
I—E Mean bids are unequal

Sampl e Sizes , . ,
Nane of Area N n Starting Point Pairs Total s
8 15 1-10 Accept H**
El Mnte 8 9 1-50 Accept
15 9 10-50 Accept H,
13 12 1-10 Reject Hat 95%
La Canada 13 9 1-50 Reject Hat 90%
12 9 10- 50 Accept H,
16 12 1-10 Accept
Mont ebel | 0 16 9 1-50 Reject Hat 90%
12 9 10- 50 Accept H,
1 6 1-10 Accept
Canoga Park 1 6 1-50 Accept
6 b 10-50 Accept H,
, 9 11 1-10 Accept
Culver Gty 9 8 1-50 Accept
11 8 10-50 Accept H,
8 1% 1-10 Reject Hat 90%
i 1-50 Accept
Encino 11 8 10-50 Accent
, 8 15 1-10 Accept )-h]
Huntington Beach 8 15 1-50 Accept
15 15 10-50 Accept H
1 12 1-10 Accept
[Tvine 1 8 1-50 Acce%t )-‘U-L
12 8 10-50 Accept H,

(continued)
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Table 4.8
(continued)

Sampl e Sizes , . .
Name of Area n N Starting Point Pairs Total s
9 6 1-10 Accept F&L
Newport Beach 9 5 1-50 Accept
b 5 10-50 Accept H,
L , 1 6 1-10 Accept F&L
Pacific Palisades 1 1 1-50 Accept
b 1 10-50 Accept H,
2 9 1-10 Accept
Pal 0s Verdes 2 8 1-50 Accept
9 8 10-50 Accept H
10 10 1-10 Accept F%L
Redondo Beach 10 5 1-50 Reject H,at 95%
10 5 10-50 Reject Hat 90%

*The purpose of this table is to check if there is any significant
influence of the starting bid offered by the interviewer on the total bid

of the respondent

In calculating the mean total bids

(1) no differentiation

has been made with respect to the sequence that the air qualityheffects are

present ed; &2) no differentiation has been made whether a heal
. een sent to the respondent in advance of the interview, (3) no
differentiation has been made wth
for the collection of bids;, and (4
s |ife table has or has not been s
Alife table depicts the “stock” counterparts of

Vi e PRt es! PR

or has not

panphl et has

respect to the different proposed vehicles
no differentiation has been made whet her

own to the resEondent during the interview.

_ art he elicited monthly bids for

No differentiation has been made with respect to

**Accept Ho > Ho is accepted for 1 - « = 0,90 and higher; i.e., for

« < 0.10.
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will give different total bids. Ideally, the sequencing or ordering of bid-
ding information will not affect the results. In an attenpt to test for
sequencing affects, two separate tests of neans were conducted. The first
test involved a conparison by area by bid type of the nean values of the
observed bids against the derived bids. [If an assunption of additivity is
made in the bids, then we can obtain an aesthetic observed bid (from 1 above)
and a derived aesthetic bid (from 2 above). The question is then whether
the two bids differl0/ That is, does the order in which we obtain bids affect
the magnitude for the bid. Table 4.9 presents the results of this test. For
aesthetic bids, El Mnte (A ® B), 11/ La Canada (A ® C), Canoga Park, Encino,
Huntington Beach, Irvine Palos Verdes, and Redondo Beach the null hypothesis
was rejected. The null hypothesis was rejected for the acute bids in La
Canada (A ® C, Culver City, Encino, Huntington Beach, Newport Beach, and

Pal os Ver des.

The null hypothesis was rejected for chronic bids for La Canada (A ® Q)
and Newport Beach. Finally, the null hypothesis was rejected for the tota
mean bids only in Newport Beach and Pacific Palisades. Wat can be con-
cluded fromthis set of results? First, the test does not conpletely resolve
the issue of sequencing. In some cases, the nean bids that were observed
are statistically different under the assunption of linear additivity. Sec-
ond, keeping the first point in mnd, we note that the total bid does appear
to be insensitive to the bidding across different orderings of character-
istics of the environmental good air quality.

A second test to further investigate the extent of sequencing effects
Is to conpare each step of the bidding process irrespective of the subject
(i.e., acute or aesthetic information) of the bid. The null hypothesis is
then to conpare the nean values of step 1, the nean differences in values
of step 2 fromstep 1, the nean difference in values fromstep 2 to step 3
and the total bid. Table 4.10 presents these results. For the first bid-
ding step, only Palos Verdes had the null hypothesis rejected. The nul
hypothesis for the second bidding step was rejected for Pacific Palisades,
Newport Beach and Irvine. For the third bidding step only El Mnte was
rejected. Finally, the null hypothesis was rejected for Pacific Palisades
and Newport Beach. 12/ What can we concl ude about sequencing fromthis test?
First, again no definitive statement can be made regarding the existence or
non-exi stence of sequencing. The results suggest that regardless of the
information being bid upon, the step size (i.e., bid difference from the |ast
step) is independent of the information underlying the bid. Second. ir-

respective of the bidding order, the total bid is insensitive to order effects. 13/

The results of the t-tests conparing the effects of different conpletion
dates of cleanup for each area are presented in Table 4.11. Additionally,
Table 4.12 presents simlar results for each of the paired areas. The nul
hypothesis of this test was that the bids are equal no matter the conpletion
date for the cleanup. The null hypothesis was rejected only in isolated
cases such as Canoga Park in Table 4.11. The inplication of this result is
that individuals appear not to view the magnitude of their bid being signi-
ficantly determned by the proposed cleanup date
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Resul}

or Chserved versus Der|ve
(Two-tail test;

Table 4.9
s of the t-tests for t

Pool ed
The two nean hi

ual i t
quB| ds
Variance Estimate)
ds are equal

. The two mean bids are unequal

the Mean Bids
Sarrpl e Area*

Nare of Area OOEYPﬁggrflcy No.n o (1;52. Aesthetic Bid Acute Health Bid Chronic Health Bid Total Bid
E Mnte (A® B ; 13 Reject Hat 90% | Accept H, Accept H Accept H,
E Mnte (A ®( 10 3 | Accept H Accept H, Accept H, Accept H
La Canada (A® B 11 6 | Accept H Accept H Accept H Accept H,
La Canada (A ®Q 11 6 Reject Hat 90% | Reject Hat 90% | Reject Hat 95% | Accept H,
Nont ebel | 0 (A® B 10 9 Accept H Accept H Accept H Accept H
Nont ebel | 0 (A® Q 12 6 | Accept H Accept H Accept H, Accept H,
Canoga Park (B® O 9 10 Reject Hat 95% | Accept H Accept H, Accept H
Qulver Oty (B® 13 | 15 Accept H, Reject Hat 90% | Accept H Accept H,
Encino (B® O 15 | 13 Reject Hat 99% | Reject Hat 99% | Accept H Accept H

(conti nued)



Tahl ¢ 4.

(continued)
e of Aea | conPaensy "b'n o O?i‘ festhetic Bid | Acute Health Bid | Cronic Health Bd|  Totel Bid
Huntington Beach (B ®Q 161 22 Reject Hat 90% | Reject Hat 90% | Accept H Accept H
|rvine (B ®Q 18 9 | Reject Hat 95% | Accept H, Accept H, Accept H,
Newport Beach (B ®Q 14 6 | Accept H Reject Hat 95% | Reject Hat 95% | Reject Hat 95%
Pacific Palisades (C®C) 10 10 | Accept H Accept H, Accept H, Reject Hat 90%
Palos Verdes (C®C) 1 8 Reject Hat 99% | Reject Hat 90% | Accept H Accept H,
Redondo Beach (C®C) 14 12 | Reject Hat 95% IAccept H, Accept H, Accept H,
Chroni*cA CIr-l(e)glS ,he Zuelsaghogn?-lbrae%h +heme1:)1;]egt Sl-leg{tt?lfr /(-]\ggl he?l | Care thqer%?Lcjjcseq‘ olrne%% glffffeecrtenatlr eseé]susegﬁgé to (bg s/:\grs)apgtbllce ®ﬁcem;url-§gslehm®

the above tests

mean bids for eah effect.
aesthetic bld obt ai ned by the second bi ddi ng sequence for the Sane area.
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Table 4.10

Results of the t-tests for Comparing the Sequencing Effects
in Each Step of the Bidding Process

(Two-tailed test; Pooled Variance Estimates)
Ho: The bids are equal

H,: The bids are unequal

1
Name of Area nl* n2* First Bid Second Bid Third Bid Tétal Bid
El Monte 17 16 Accept Hb** " Accept Ho Reject Ho at 90% Accept Ho
La Canada 22 12 Accept Ho Accept Ho Accept Ho Accept Ho
Montebello 22 16 Accept HO Accept Ho Accept Ho Accept Ho
Canoga Park 9 10 Accept Ho Accept Ho Accept Ho Accept Ho
Culver City 13 15 Accept HO Accept Ho Accept Ho Acgept Ho
Encino 15 13 Accept Ho Accept Ho Accept Ho Accept Ho
Huntington Beach 16 24 Accept Ho Accept Ho Accept Ho Accept Ho
Irviée 18 9 | Accept B Reject H at 90Z | Accept B Accept H

(continued)
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Table 4.10

(continued)

Name of Area nl* n2* First Bid Second Bid Third Bid Total Bid
Newport Beach 14 6 | Accept H Reject Hyat 95% | Accept H Reject Hat 95%
Pacific Palisades 10 10 | Accept H, Reject Hoat 90% | Accept H Reject Hat 90%
Pal os Verdes 11 8 Reject Hat 95% | Accept H, Accept H, Accept H,
Redondo Beach 14 12 | Accept H, Accept H, Accept H, Accept H,

*This table presents the results of

the t-tests done to determne whether or not there isa significant

difference between the means of the first hid, the difference between the first and second hids, and the
second and third bids irrespective of bidding sequence (i.e., whether the Aesthetic or Acute bid was asked

first in the questionnaire).

**n,= those questionnaires which ask Aesthetic question first.n,=

question first.

those questionnaires which ask Acute
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Resul t F

(Tm-talled test;

Tabl e 4.11

the C@H
tepCBWt%t % n%s Processeag
Pooled Variance Estimates)

the Effects

H; The bids are equal.
H: The bids are unequal .

(%@\%tiogns Mean Bids
Type of — , ,
Area Oonw)ngency nt | Mesthetic Bid | Acute Health Bid | Chronic Health Bid Total Bid

El Mnte A®B 10 ! Accept H, Accept H Accept H, Accept H,
El Mnte A®C 1 6 Accept H Accept K Accept H, Accept H,
La Canada A®B i 10 Accept H Accept H Accept H, Accept H,
La Canada A® C 10 1 Accept H, Accept K Accept H Accept H,
Mont ebel T o A®B g 10 Accept H Accept R Accept R Accept H,
Nonnt ebel | o A®C 11 8 Accept H, Accept K, Accept H, Accept H,
Canoga Park B®C 8 11 Accept H, Reject Hat 99% Accept H, Reject Hat 9%
Qulver Gty B®C 16 12 Accept H, Accept K, Accept K Accept K
Encino B®C 17 1 Accept H Accept H Accept H, Reject Hat 90%
Huntington Beachf B ®C 19 20 Accept H Aecept H Accept H, Accept H
I'rvine B®C | b 12 Accept H Accept H, Accept H Accept H
Newport Beach B®C 10 10 Accept H, Accept H, Accept H, Accept H
Pacific Palisades] C ®CL § 12 Aecept H, Accept H Accept H, Accept H,
Palos Verdes Ce®c 8 1 Accept H Accept K Accept H, Accept H,
Redondo Beach CeC| U 12 Accept H, Accept H Accept H, Accept H,

hr aThe cbtl dtsofor ea%l dH’ Hdlns en% %) assst%rr??ntgo bP%S § ||yddS egar\%)%l cle; “(?btﬁe'ar\ r\?p nvbe| dsSth T e i Ielrhempa n'|sann3de
% ableve snohfgetaﬂ)
"Rej ect Th%; tes)t(o% ahgaﬂgnet tIaOtr k‘ljsore?lec el aot ?(boa du u|s %clcoeptégcg tﬂ“e ?1%?(?5 h%ﬁeaccepteiif\%l u% e? 81 H Xg)/oo5 90%d tlﬁen His
rejec ted for =010 but |sacceptedfo p=0.05and =001

*n = sanple size of interviews with proposed completion date of cleanup of 2 years.
*nz= sanple size of interviews with proposed completion date of cleanup of 10 years.
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Table 4.12

Results of the “Comari he Effects
of D feren etlon %ﬁqpes oP eanup
|

" Df

n Each Step of rrPhe Bidding Process ab, ¢
(Two-tailed test; Pooled Variance Estimates)
H; The hids are equal.

H: The bids are unequal .

umber  of .
servations Mean Bi ds
Paired Areas n* n* Pesthetic Bid Acute Health Bid Chronic Health Bid Total Bid
El Monte- 25 26 Accept H, Accept H, Accept H, Accept H,
Canoga Park
Cuv ebeléov 3% £l Accept H Accept H Accept H Accept H,
%Cicﬁgada 34 28 Accept H, Accept H, Accept H Accept H,
E(g(%h Hgt rgaCBﬁach- 3 32 Accept H, Accept H, Accept H, Accept H
- Accept Accept Accept
Bbac ?Etc ngifgades 8 2 Aocept |, PR A PR
i ne- Accept Accept Accept
HlIVBQeVerdes 2 23 Accept H, ptH ccept H it H
Aggregate Data Set | 169 | 161 | Accept H Accept H, | Accept H, | Aecept H

‘I'n obtaining the resu otal n nber of interviews in each paired area |s d|V|ded info two parts with respect t
H ro o (F o%ple |o J at es, o? lI anugl( 2 years versus 10 yeaFr)SB and % tests are done t Ft) st \Aﬂe her %
er as any signi |cant in Iuen n't as.

he"frean” b
ulevexhe ests are done for =001, p=005 ad p=010. “Accept H' means H, is accepted for all three of the

hi d h hi ddi d to he strictl | Inobta ning the mean hjds no diff tion i
nmade \Mﬁ] rlesspecOr ee}c % |n§| ng aggqgéﬁceasswe st gr |en5 M Y e ar@?n@ vehicle: %ealth panphl et \r/]grsuls %eﬁegmon 'S
panphlet; and (5) life abls versus no life table

*n,= sanple size of interviews with proposed completion date of cleanup of 2 years.
*n,= sanple size of interviews with proposed completion date of cleanup of 10 years.



The previous results presented rely in many cases on snall sanple sizes
for the statistical tests due to the partitioning required. Recall that
several types of bias as well as game structure questions had to be exam ned.
In view of the small sanple sizes for a few areas, additional questionnaires
were administered. Table 4.13 presents the nmean bid results of these ad-
ditional interviews. Before integrating into the basic data set, it was
decided to test whether the "New' data was significantly different fromthe
“old" data in terms of mean values. Results of the tests are presented in
Table 4.14. Culver City for the total bid category is the only significantly
different result fromthe “old” data set. This is due to one of the indiv-

i dual s bidding an exceptionally larger sumthan others as noted in the foot-
note in Table 4.13.
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Table 4.13
Mean Bids by Area by Type for the “New' Data Set*

MeanBi d ($/ Mont h)

Conpl etion

Date of Acute  Chronic Tot al
Area C eanup Aesthetic B H.B. H. B. Bid
Canoga Park (B ® Q) 2 years 3.20 9,18 8.00 20. 30
(L.29)** (2.12) (3.27) (3.41)
(10)*** — (10) (10) (10)
Canoga Park (B ®C 10 years 3.00 9.00 10. 00 22.00
(2.00) (2.92) (5.70) (8.15)
(5) (5) (5) (5)
Qulver City (B ®C 10 years 6. 25 27.50 28.75 62. 50%***
(6. 25) (8.29)  (16.25) (21.07)
(4) (4) (4 (4)
Encino (B ® () 2 years 6. 67 13.33 1.67 21,67
(6.67) (7.26) (1.67) (12.02)
(3) (3) (3) (3)
Encino (B ® C) 10 years 4.17 6. 67 8. 33 19.17
(1.54) (3.07) (6.41) (6.76)
(6) (6) (6) (6)
Pacific Palisades 2 years 6.00 9.17 6. 67 22.67
(Ce®C (3.70) (2.71) (2.98) (6.31)
(6) (6) (6) (6)
Pacific Palisades 10 years 16. 67 12. 89 6. 67 35.11
(C® ) (23.58) (5.75) (2.89) (13.35)
(9) (9) (9) (9)

*The bids for each bidding stage are assuned to be strictly separable. In
obtaining the mean bids no differentiation has been made wth respect to 1)
bi dding sequence, 2) starting bid, 3? bi dding vehicle, 4) health panphl et
versus no health panphlet, and 5) life table versus no life table. ~Alife
table depicts the “stock” counterparts of the elicited monthly bids for
various expected life spans.

**Standard error of the nean bid in all cases.
***Sanpl e size of each case in all cases.

****|ndividual total bids for Culver City were as follows:

Aes.  Ac.  Ch.
[ $100 0 25 75
[1: $ 75 0 50 25

[11: § 25 0 10 15
[V: $ 50 25 25 0
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Table 4.14

Results of the t-tests for Conparing the Equality of the Mean Bids Cbtained fram,
the “0d" and the “New' Data Sets in Each Step of the Bidding Process

(Two-tailed test; Pooled Variance Estimate)
H, The bids are equal.
H: The bids are unequal.

Conpletion Nunber of Mean Bid
Type of Date of Cbservations  Aesthetic . Chronic .

Area Conti ngency O eanup N N Bi d Acute Health Bid Health Bid Total Bid
Canoga Park B ®C 2 years 8 10  Accept H, Accept H, Accept H,  Accept H
Canoga Park B ® C 10 years 11 5 Accept H, Reject Hat 95% Accept H,  Reject Hat 90%
Encino B®C 2 years 17 3 Accept H, Accept H, Accept H,  Accept H,

Enci no B ® C 10 years 1 6  Accept H  Accept H Accept H,  Accept H,
Pacific Palisades C® C* 2 years 8 6  Accept H, Reject Hat 95% Accept H,  Accept H,
Pacific Palisades C ® C* 10 years 12 9  Accept H  Accept H, Accept H,  Accept H,
Culver City B ®C 10 years 12 4 Accept H Reject Hat 95% Accept H,  Accept H,

 The bids for each bidding stage are assumed to be strictly separable. In obtaining the mean bids, no differentiation
is mde with respect to: 1) bidding sequence, 2) starting bid, 3) bidding vehicle, 4) health panphl et versus no health
panphlet, and 5) life table versus no life table. The “old" and “new data sets are a result of additional inter-
view ng that was carried out to supplenment the sanple size in a few areas.

bThg tests are done for w=0.01, p=0.05 and p=0.10. “Accept H ;' means H,is accepted for pn=0.01, p= 0.05
and W =010 “Reject Hat X% means that H,i's rejected at X% but is accepted at the next higher 1- p value;
e.g., if X%=95% then His rejected for pn=0.10, ‘and W = 0.05 but is accepted for = 0.01

n, : Sanple size of interviews fromthe “old" data set.

n, : Sanple size of interviews fromthe “new' data set.
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FOOTNOTES: CHAPTER |V

1 Some questions have been raised about enploying a "typical week" as
the time period upon which to base the analysis. However, in a previous
study valuing wildlife, various time units were enployed (last trip, typical
dairy formats)for hunting experience. No statistical difference was found
in the activity responses. See Brookshire, Randall, et. al. (1977).

2l Not e when the acute initiation point was enployed the picture sets
were not made available until the bidding on the aesthetic characteristic
was begun

3/ Not e hol ding the respondent to the original time constraint for their
current situation inplies no leisure-work tradeoff possibilities. Argunents
can be presented for or against this assunption. However, we note that in
Blank, et. al. (1971) that when this tradeoff was offered as part of the
substitution format, few respondents did make the trade

4f In a few cases the respondents bid their maximumw | |ingness to pay
initially rather than on the characteristic points

ol The equi pment used was a 135 nm Mnolta single |ens reflex canera
(SLR), 135 mm tel ephoto lens, 55 nmlens, tripod, Kodak Vericolor Il profes-
sional color film log sheets and a small ice chest.

6/ It should be noted that filmis affected a great deal by even mld
variations in tenperature, especially heat. Thus, it is critical for the
filmto be protected before, during, and after use. The film used for our
study was kept in a small portable ice chest until used; once the roll or
filmwas used, it was put back into its air tight container and then back
into the cooler until ready for processing. As a further aid in protecting
the film the researchers used rolls of twenty rather than 36 franes in an
effort to mnimze the time the film was exposed to heat.

ml Appendi x E details the exact streets in the sanple plan.

8/ Note the Pacific Palisades bidis for a C ®C* contingency, thus
inplicitly employing a bid for a basin-wide inprovenent, not involving this
| ocation directly.

o Further exam nation of vehicle bias will require breaking out
aesthetic observed versus aesthetic derived bids and conducting a t-test.
10/
Note this applies to acute and aesthetic bids, however, the chronic
bids are entirely derived.
11/
The (A ® B) and (A ® C) notation refers to type of contingency noves
for residents of the A (poor) air quality area. The principle reason for
admnistering tw types was to avoid an overly long survey instrument.
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12/This is the identical result noted in the first sequencing test

which by the structure of the tests nust be the case
13/A followup on this thesis would be a test of the total step size 1
against total for step 2 against total for step 3.
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Chapter V
THE SOUTH COAST PROPERTY VALUE STUDY

5.1 Overvi ew

Many different methodol ogies for valuing non-market or environnmenta
goods and services have been proposed. However, none of these approaches’
I's universally accepted and debate remains over which nethodol ogy i s nost

appropriate. New valuation nethods such as the contingent valuation approach
are marked by uncertainty and criticismfrom both professional and non-

~professional audiences, and thus require replication and evidence of
internal consistency in order to denonstrate validity.

The purpose of the research on property val ues presented here is to
provi de the necessary conparison for the contingent valuation approach
which is described in detail above. This is acconplished through an
anal ysis of the housing market within the sanple plan comunities of the
South Coast Air Basin located in Los Angeles and Orange Counties. Specifi-
cally, this research asks if households-will actually-pay for cleaner air
inthe form of higher property values for homes in clean air communities
and if this willingness to pay is conparable to the hypothetical wllingness
to pay expressed in the survey instrunent.

Val uation of reductions in urban air pollution concentrations based
upon housing val ue differentials is the nost comon form of the hedonic
price procedure as devel oped by Rosen (1974), the basis of which is Lan-
caster's (1966) consunmption theory. This procedure assumes that access
to environnental (dis)amenities is capitalized in property values. This
assunption is based on the prem se that households are willing to pay a
premumfor an otherw se identical home |ocated in a clean air area versus
that located in a polluted area. The capitalization can be discovered by
isolating the inpact of air quality in two alternative ways: (1) by
devel oping a sanple pairing systemwhich mninizes the variation in housing
and community variables other than air quality and conparing housing val ues;
or (2) by regressing housing value data on air quality and other variables.
In the latter method, the resulting enpirical relationship is the basis for
a determnation of the value of the environnental good.

Previ ous housing val ue studi es have concentrated on the regression
procedure. The first significant enpirical study of air quality and pro-
perty values was done by Ridker and Henning (1967). The authors applied a
| east squares regression nodel to cross-sectional data (conpiled by census
tract) for the St. Louis area. In order to fully specify their model of
property values, variables corresponding to housing, |ocation, neighborhood,
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political jurisdiction and individual characteristics were included with air
pol lution measures as independent variables. A significant negative rela-
tionship was found between the sulfation |evel (annual geonetric nean) and
medi an property values. Further, a property value increase of between $83
and $245 was associated with each .25/ ng./100cni/ day reduction in the
sulfation level. This translates into total benefits of approxinmately $83
mllion if sulfation |evels are reduced by .25 ng., or to an anbient
concentration level of .49 ny.

This research was followed by a simlar study by Anderson and Crocker
(1971) woanal yzed the inpact of air pollution on both renter and owner
occupi ed properties for St. Louis, Kansas Gty and Washington, D.C. As in
the Ridker-Henning work, the basic unit of observation was the census tract and
cross—sectional data which was enployed in a non-linear regression nodel. The
Ander son- Crocker results confirned the Ridker-Henning finding of a negative
and statistically significant relationship between air pollution (annua
arithnetic mean concentrations of sulfur oxide and suspended particul ate)
and property values. The sanme result was also found for rental property

Deyak and Smth (1978), in an effort to generalize these enpirica
conclusions utilized an updated data base (1970 census) gathered from
representative SMSA'S. Their results provided added support for the findings
of R dker-Henning and Anderson-Crocker. However, in another paper, Snith-
Keyak (1975), using data on owner and renter occupied central city housing
in eighty-five cities, which also fornulated a residential |ocation node
that included location public services and tax effects, found that air
quality did not significantly affect property values. This conclusion was
in accordance with the results found by Steele (1972) and | ater Weand
(1978) .  Both authors found no statistically significant relationship to
exist between air pollution and property values. The Weand findings are
especially surprising since he enployed essentially the same data base as
Ri dker-Henning. The major change was substituting nonthly rent per acre
in place of median property val ue as the dependent variable.

These results indicate that an anal ysis of housing markets can yield
information on the value of non-market goods. However, they also denon-
strate the fragility of the methodology. That is, all assunptions outlined
in Chapter 11 nust be net and extreme care is required in nodel specification
and interpretation of the results

The anal ysi s undertaken here enconpasses three separate but rel ated
approaches, with benefits fromreduced air pollution in bid equivalent terns
(e.g., terms conparable to the contingent valuation results) specified at
each level. The first approach involves a straightforward conparison of
average housing values in the sanple pair conmunities, standardizing only
for house size (square feet of living area). The resulting differentia
in sale price between paired communities, which are theoretically identica
except with respect to anbient air pollution concentrations, is then
attributed to the disparity in air quality. It should be noted that this
met hodol ogy relies quite heavily on the successful operation of the sanple
plan. That is, the variation across pairs in all other housing and neigh-
borhood characteristics (excepting air quality) must be mniml if the sale
price differential assigned to air pollution is to reflect accurately
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individuals true willingness to pay for clean air.

In the second procedure we utilize an econonetric estimte of the
I npact of air quality on housing values to determ ne benefits of reduced
air pollution. This portion of the study corresponds to the traditiona
econonetric analysis of the housing market and is an attenpt to estinate
a linear relationship between a home’s sale price and its supply of housing
and community attributes. “The value of an inprovement in air quality is
then deduced from the resulting hedonic housing value equation.

The final approach is a further refinenent of the above nmethods and
consists of a nulti-step procedure which nakes all owance for air pollution
abatement to be valued differently by households with varying income and
initial pollutant concentrations. This nethodol ogy was devel oped recently
in a paper by Harrison and Rubinfeld (1978). The first step is to estimite
a hedoni ¢ housing val ue equation, simlar to the second approach, but
allowng for non-linearities where appropriate in the functional form The
second step is to calculate the marginal wllingness to pay for individuals
in each of the sample comunities for a small change in air quality. The
third step is to estimate a marginal wllingness to pay equation as a
function of income and other househol d variables. By integrating individua
marginal wllingness to pay estimates, we at |east partially overcone the
problems pointed out in Section 2.1. Finally, we enploy this latter rela-
tionship to determne benefits of air quality inprovenments

Each of the three approaches as described above can be viewed as a
part of a systematic analysis of housing market data in the commnities
whi ch conprise the sanmple plan. Further, each procedure yields pollution
abatement benefit estimates which can be used to conpare to the contingent
valuation experinent. In addition to its usefulness as a conparability
exercise, this housing value analysis has advantages over previous studies
in that data is drawn as part of the sanple plan which by its nature con-
trols for many exogenous factors not wholly explained in the standard treatnent.
This, for exanple, tends to explain why our statistical “fit” is superior
to previous studies. However, it should be kept in mnd that sampling
I's therefore appropriate for conparison to the contingent validation
experinment but is non-randomand nmay |ead to biased estinmates of basin-w de
damages

The remainder of this chapter is organized as follows. Section 5.2
describes the data base and sources utilized in the study. In Section 5.3,

the three approaches and their associated results are presented. Section
5.4 concludes the analysis.

5.2 Data Characteristics

The area under investigation is defined as the South Coast Air Basin.
However, this study utilizes data for the sanple plan communities only (see
Chapter V). In this regard, the sanple chosen for study is not entirely
random but rather a function of a pre-testing scheme. This may not be a
maj or restriction on either the nethodol ogy or results since the paired
communities are representative of the entire spectrum of living conditions
in Los Angeles and Orange Cbunties.lb% shoul d al so be noted that this study



is restricted to single famly residences and the results are therefore

only possibly applicable to other housing types (nobile homes, apartnents
condom niums).  Further, we concentrate on the owner market to the exclusion
of other markets (rental, leasing, etc.]

Focusing upon the paired comunities then, the data base was constructed
to enable the inpact of air quality differentials on housing sale price to
be isolated. Thus, the dependent variable in the analysis is the sale price
of owner occupied single famly residences. The independent variable set
consi sts of variables which correspond to three levels of aggregation:
house, neighborhood, and comunity. The data base contains 719 independent
observations. Table 5.1 describes further the data enployed in the study.

The housing characteristic data, obtained fromthe Market Data Center
(a conputerized appraisal service centered in Los Angeles), pertains to
hones sold in the January, 1977 - March, 1978 tinme period and contains
information on nearly every inportant structural and/or quality attribute
Table 5.2 provides sunmary statistics for many of the housing characteristic
variables for each of the sanple communities. It should be enphasized that
housi ng data of such quality (e.g., mcro level of detail) is rarely
available for studies of this nature. Usually outdated data which is overly
aggregate (for instance census tract averages) is enployed. These data
yield functions are relevant for the “census tract" household and are only
marginally relevant at the mcro level. However, in this study it was
i nperative that data conparable to that used in the contingent valuation
experinent be utilized. That is, since pollution abatement benefit estimates
were calculated at the household level in the contingent study, it was
necessary to generate simlar estinmates based on conparable data in this
validation exercise

In addition to the imediate characteristics of a hone, other variables
which significantly affect its sale price are those that reflect the
condition of the neighborhood and comunity in which it is located. That
Is, the local tax and public goods expenditure rates, school quality, ethnic
conposition, crime rates, proximty to enployment centers (and in the South
Coast Air Basin, distance to the beach) , and measures of the anmbient air
quality which have a substantial inmpact on sale price. Therefore, in order
to capture these inpacts and to isolate the independent influence of air
quality, these variables are included in the econonetric nodeling

The nmeasures of air quality used in the enpirical analysis were obtained
fromCalifornia Air Resources Board publications (1977). This agency is
responsible for monitoring pollution levels in the Basin. The South Coast
Air Shed, because of the existence of a large nunber of both nobile and
stationary sources conbined with neteorological and topographical conditions
which limt the area’s ability to disperse pollutants, has a long history of
pol lution problenms. A relatively conplete regional network of monitoring
stations has been developed. This allows the neasurement of anmbient air
pol lution levels rather than concentrations on isolated hotspots. A detailed
exposition of air pollutants by area was given in Chapter I11I.

In conclusion, we view the data base assenbled for the housing val ue
study as appropriate for conparability testing of the contingent valuation
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Table 5.1

Variables Used in Analysis of Housing Market

Definition (assumed effect on

Variable housing sale price) Tnire Crcrmna
Dependent
Sale Price Sale price of owner occupied single ($1,000) Market Data
family residences. Center
Independent-Housing
Sale Date Month in which the home was sold January 1977=1 Market Data
(positive indicator of inflation) March 1978=15 Center
Age Age of home (negative indicator Years Market Data
of obsolence and quality of Center
structure)
Number of bathrooms (positive Number Market Data
indicator of quality) Center
Living Area Living .area (positive indicator Square feet Market Data
of the quantity of home) Center
Pool Zero-one variable which indicates Zero=no pool Market Data
the presence of a pool (positive One=pool Center
indicator of qual: ty)
Fireplaces Number of fireplaces (positive " Number Market Data
indicator of quality) Center
Independent-Neighborhood
Distance to Beach Distance to the nearest beach Miles Calculated

(negative indicator of relative
proximity to main recreational
activity)

(continued)
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Table 5.1

(continued)

Variable

Definition (assumed effect on
housing sale price)

Units

Source

Quality

Ethnic

Population Density

Housing Density

Distance to
Employment

NO

TSP

School quality as measured by student
percentile scores on the California
Assessment Test-12th grade math

Ethnic composition-percent white in
census tract(s) which contain sample
community (positive).

Population density in surrounding
census - tract (negative indicator
of crowding)

Housing density in surrounding
census tract (negative indicator
of crowding)

Weighted distances to eight
employment centers in the South
Coast Air Basin (negative indicator
of proximity to employment)

Nitrogen dioxide concentrations

Concentrations of total suspended
particulates

Percentile *100
Percent'*IOO

People per square
mile

Houses per square
mile

Miles/Employment
Density

Parts per hundred
million (pphm)

Micrograms per 3
cubic meter (ug/m”)

Local School files
in sample communities

1970 Census

1970 Census

1970 Census

Calculated

California Air
Resources Board

California Air
Rescurces Board

(continued)



Table 5.1

(conti nued)

Variabl e

Definition (assumed effect on
housing sale price)

Units

Sour ce

I ndependent - Cormuni ty
Public Safety
Expendi tures

Cime

Tax

Expenditures on public safetY per
capita (positive indicator o
attenpt to stop crimnal activity)

Local crime rates (negative indicator
of peoples’ perception of danger)

Comunity tax rate (negative measures
cost of Tocal public services]

$/ Peopl e

Crime/ Peopl e

$/$1,000 of
home val ue

1976-77 Annual
Report Financia
Transactions
Concerning Cities
of California

FBI (1976)

1976-77 Annua
Report Financia
Transactions
Concerning Cities
of California
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Table 5.2

Average Hous: ng Characteristics

Sale Sale Price/ Living Area Number or NumDer or Age UL nume
citv Price ($) Sq. Ft. (Sq. Ft.) Bathrooms Fireplaces (Years)

Canoga Park 43,914 40.299 1089.68 1.16 .227 32.9
El Monte 34,273 32.1 1067.68 1.18 .18 35.6
Culver City 82,916 58.03 1428.73 1.54 .56 26.1
Montebello 63,957 43.48 1470.95 1.67 .67

Orange 70,368 46.89 1500.58 1.98 .73 16.4
Whittier 67,647 41.64 1624.67 1.64 .95 32.3
Redondo Beach 64,817 58.6 1104.18 1.28 .30 27.0
Huntington Beach 77,214 53.239 1450.32 1.95 .71 13.3
Pacific Palisades | 257,383 91.05 2826.67 3.14 1.78 28.1
Newport Beach 141,473 68.5 2065.41 2.43 1.20 15.5
Palos Verdes 165,016 64.98 2539.44 2.72 1.24 13.5
Irvine 83,054 50.97 1629.49 2.13 .95 4.4
Encino 209,158 70.95 2947.84 3.04 1.44 16.2
La Canada 153,804 59.91 2567.17 2.6 1.45 33.3

_ Population 99,719 58.07 1717.1 1.99 .86 19.2

The property value study includes two more communities in the data base then did the contingent
valuation study: Orange and Whittier.



experiments. The reasons are threefold. First, the housing characteristic
data is extrenely detailed at the household | evel of aggregation, and
extensive in that a relatively large nunber of observations are considered
Second, we have assenbled a variety of neighborhoods and community variables
which enable the isolation of the air quality influence on housing val ues.
Third, the air pollution data is conprehensive

5.3 Enpirical Analysis

As outlined in the introduction, each of the three stages of enpirica
anal ysis undertaken in this study constitutes a separate attenpt to capture
the monetary inpact which air quality differentials have on housing val ues.
Once discovered, these nmonetary estimates of the air quality effects are
translated into the value of inproving air quality in the South Coast Air
Basin. These calculations are later utilized to test the validity of the
contingent valuation experinent.

The fol Il owing househol d benefit equation is used and shows the inter-
relationships or common characteristics of the three approaches;

N N
AHB = [( T AQI *NH *AD,)/ T NH,]*CRF (5.1)
{=1 i=1

wher e

AHB = average annual benefits per household for a reduction in air
pol lution concentration

AQ = air quality inprovenent in area i (poor-fair, fair-good)

NH = nunber of homes in area i affected by the air quality change
AD = average hone sale price differential attributed to a one unit

i mprovement in air quality.
CRF = capital recovery factor. This is the rate necessary to transform
an initial capital investnent into a series of equivalent annual
charges including paynent of both capital and interest. In this
study the CRF is assumed to be .0995 which corresponds to a
.0925 interest rate and a payback period of 30 years.

N = nunber of specific areas affected by air quality inprovenent. In
this study N is restricted to two as benefits are calculated for
upgrading the air quality in the poor areas to fair and in the
fair areas to good (see Chapter I11).

The nunber of homes in the affected areas (see Table 5.3) and the air
qual ity inprovement are common to each of the three nethodol ogies. Table
5.4 illustrates both the present air quality classifications, the reductions
in nitrogen dioxide (NO2), and total suspended particulate (TSP) which are
required to achieve significant inprovenent as neasured by the relative
qual ity indicators. This analysis was not able to effectively separate out
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Table 5.3

Number of Homes in South Coast Air Basin
by Air Quality Categories

. . Number of Hones in South Coast Air Basin
Air Quality (Los Angeles and Orange Counties)
Poor 1, 056, 325

Fai r 804, 823

Good 228,772

Tot al 2,089,920

Table 5.4
Air Quality Definition - NO2

ality
( tcﬁmetm Average 1975 - pphm Classification

> 11 Poor
9-11 Fai r
<9 Good
15:;‘53 > 26% Average Poor

P Average Fair
6.9 > 3% Average Good

Air Quality Definition - TSP

%aht
Arithmetic Average 1975 - p g/ nB) Cassification

> 10 Poor
90-100 Fai r
<90 Good
118.4
100.0 > L7% Average Poor

24% Average Fair
78.8 > M Average Good
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t he independent effects of each of the pollutant due to collinearity in the
data set. Therefore,all calculations enploy only one pollutant measure as a
proxy for the general air quality situation. Nitrogen dioxide is usually
that variable, however, results are also presented for TSP for purposes of
conpari son

The final elenent of equation (5.1), the sale price differentia
attributable to differences in anbient air quality (which can be inter-
preted in this context as the willingness to pay for inproved air quality)
Is determned by the particular approach. The first method determines this
paranmeter in the sinplest manner, through conparison of sale prices in the
paired comunities, and relies alnmost exclusively on the sanple plan. The
second is internediate in conplexity and enploys traditional property value
analysis to determne the monetary effect of air quality differentials. The
third approach is the nost involved, attenpting to account for variation in
preferences in the determnation of willingness to pay through statistica
nmeans. In this manner the air quality inpact on individuals is explicitly
specified. These methods are addressed in detail in the followi ng three
subsecti ons.

Before discussing in detail the enpirical investigation and correspond-
ing results, a few notes pertaining to the theoretical underpinnings of the
analysis are in order. First, the capitalization of environmental goods
into housing values can be captured through such enpirical work only if
certain assunptions concerning the econom ¢ behavior of individuals and
the functioning of the housing market are accepted. These are: (1) con-
sumers nust perceive differences in housing and nei ghborhood characteristics
expect them to remain unchanged and act on these perceptions; (2) housing
markets should function reasonably well and be in short run equilibrium
(3) environnental quality must be exogenously determned and differences in
environmental quality nust be capitalized only in housing prices; and (4)
all relevant hedonic price functions should be continuous with first and
second derivatives that exist (e.g., there nust be sufficient variation in
both housing and nei ghborhood characteristics, including air quality, to
permit continuity). Second, it should be noted that this housing market
analysis is consistent with and indeed a substudy w thin the genera
theoretical treatnent developed in detail above

Pai red Sanpl e Methodol ogy

The paired sanmple approach is limted by the ability of the sanple plan
to pair comunities which are virtually identical in every respect including
air quality. No explicit effort is made to account for differences in sale
price induced by other housing or neighborhood characteristics. This is
admttedly a naive approach, yet it produces two positive outputs. First
because this nethodology only inplicitly conpensates for many hone and
comunity variables, the resulting benefit estimates can be considered an
upper bound on the population’s willingness to pay for reduced air pollution.
Second, if these benefit numbers closely parallel those of the other, nore
refined econometric nmethods can be considered successful

Table 5.5 presents average sale prices in each of the sanple comunities
and air quality regions. These figures are standardi zed for house size with
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Table 5.5
Sale Price Differentials Attributed to Air Quality

Pai red Sanpl e Methodol ogy

AV(r]. Hore . Ay?. Sale Price

Sale Price - | Sale Price Differential
_ At 1717 &q. Ft. | Differential | Poor-Fair, Fair-

Communi ty Quality Home (% Good () (%

Canoga Park Fai r 69, 198 25.5

El Mnte Poor 55, 116

Culver Gty Fai r 99, 645 33.5

Mont ebel | o Poor 74, 655

Orange Fai r 80,516 12.6 19,371 (25%

Wi ttier Poor 71,491

Encino Fai r 121, 826 18.4

La Canada Poor 102, 868

Redondo Beach Good 100, 790 10.3

Huntingt on Beach Fair 91, 412

Pacific Palisades Good 156, 342 32.9

Newport Beach Fai r 117,608 27,498 (28%

Pal os Verdes Good 111,573 21.3

[Tvine Fai r 87,622
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each assigned the population average 1717 square foot home. The illustrated
sale price differentials are calculated utilizing the commnity with the
poorer air quality as the base. Further, the figures indicate that the val ue
associated with an inprovenent in air quality frompoor to fair is approxi-
mat el y 25% of the average poor conmunity home price (for the sane sized
home). A simlar upgrade in classification fromfair to good is valued at
about 28% of the value of the average fair region hone. Translated into
monetary terns these figures represent approxi mately $19, 000 and $27, 000

per hone, respectively.

As al | other conponents were specified previously, these price figures
conplete the information” required to conpute annual househol d benefits using
the paired sanple approach. These benefits are presented in Table 5.6. As
illustrated, the capitalized benefits are in excess of $39 billion for an
approxi mate 25-30 percent reduction in urban air pollution concentrations
(poor-fair, fair-good). This translates into nearly $4 billion in annua
terns evaluated at 9.95 percent capital recovery factor, which is equivalent
to how nuch individuals would be willing to pay for cleaner air in the form
of higher house payments-. In order to transform these figures into bid
equi valent terms, they are weighted by the total nunber of affected hones
and the days in a year. Thus, based on the paired sanpl e nethodol ogy, each
household is willing to pay $4.50/day or $135 per nonth for the stated air
quality inmprovement. Although it is expected that this method produces
high benefit estimates, the above figure seems a reasonable anpunt when one
considers the variety of inpacts (health, aesthetic, etc.) associated with
deteriorated air quality.

Al though these willingness to pay figures seeminteresting and
reasonabl e, this nethodol ogy possesses a nunber of obvious shortcom ngs
which may negate their significance. These can he classified as follows.
First, this nethodology attributes the entire differential in average sale
price to the variation in air quality. This explicitly neglects a variety
of other possible differences which could account for the disparity in sale
price (although at |east partial conpensation for these factors is incor-
porated in the sanple plan). That is, this approach, at |east to some
extent, is using air quality to proxy for many rel evant nei ghborhood and
community variables. Isolation of the independent influence of air quality
may not be conplete.

The second problem with this nethodology is that each househol d,
regardl ess of its characteristics, is assumed to place an identical value
on the reduction in air pollution. Thus no allowance is nade for househol d
differences which would inply varying valuations. |n the next subsection
we enploy traditional property value analysis and attempt to solve the first
category of shortcomngs. However, the latter problemis not effectively
addressed until the follow ng subsection

Econonetric Approach - Linear Eguatation

The underlying structure of the econometric approach js a single
equation enpirical mdel which purports to explain the variation in sale
prices of hones located in the South Coast Air Basin. The basic operationa
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Table 5.6
Benefits - Paired Sanple Methodol ogy

Annual i zed Benefits

o , Capitalized Benefits (Billion Dollars)
Change in Air Quality (Billion Dollars) R =.0925 CRF = .0995
Poor to Fair 20. 46 2.04
Fair to CGood 19.34 1.92
Tot al 39.8 3.96

Capitalized Benefits
(%)

Annual i zed Benefits g$)
R =.0925 CRF = .0995

Per Hone 21, 385
Per Home Per Day
Per Hone Per Month

2.30
4.50
135. 00
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tool is ordinary |east squares (CLS]. The procedure is to regress the ful

i ndependent variable set (see Table 5.1 for a conplete description of these
variables and their expected relationship to housing price) on the vector of
home sale prices. The result of this econometric analysis of housing

market data is a hedonic housing value equation. The estimated coefficients
of such an equation provide information on the relative significance and
val ue of each of the independent variables. That is, the coefficients
specify the effect that a unit change in a particular independent variable
has on sale price.

In reference to the air quality variable, this procedure allows one to
focus on its inpact while separating out the influence of other extraneous
variables. Therefore, this analysis yields two outputs concerning the
relationship of air quality differentials to housing price. First, the
relative significance of air quality variations is determned and second
the estimated coefficient pertaining to air quality inplicitly neasures its
nmonetary val ue

The initial objective then is to estimate a l|inear hedonic housing
equation which best fits the data. However, there exist a nunber of
enpirical problems which could prevent efficient estimation of the desired
rel ationship. For instance, two problenms which generally arise in property
val ue studies are msspecification bias (the independent variable set is
incorrectly specified] and nulticollinearity (menbers of the independent
variable set are highly correlated. Either of these may produce biased
estimates. Furthernore, it is essential that these biases be avoided since
the estimated coefficients become the basis for the benefit calculations.

M sspeci fication can be adequately countered by including in the equa-
tion all relevant independent variables w thout including Variables which
have no a priori (on theoretical grounds) relationship with the dependent
variable. The data set used in this study is relatively conplete in that
it contains a large number of housing and nei ghborhood characteristics.
Further discussion of this subject, however, is postponed until the next
section where experiments which denmonstrate the effect of specification
error are performed.

Mil ticollinearity is a comon problemin studies of this nature
This occurs since many of the independent variables are integrally Iinked
and therefore possess extrenely high correlation coefficients. For instance
with respect to housing characteristics, living area, number of rooms,
nunber of bedroons, etc.; they are so interconnected (each representing size
of home) that |east squares estinmation techniques cannot determne the
i ndependent inpacts that these variables have on housing values. Therefore,
living area was chosen as the proxy variable for house size. Note that
home quality is measured by the inclusion of fireplaces, pools, and nunber
of bat hr ooms.

Simlarly, the air pollution variables showed a high degree of correla-
tion. Again the estimation procedures were unsuccessful, in separating out
the independent influence of each of the pollutants. Thus only one pollution
variable, usually NO2 was utilized as a proxy for the general state of air
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variables and accessihility to beaches. However, this collinear relation-
ship was effectively broken by the structure of the sanple pairings. Thus,
the sinple correlations between NO&, TSP, and distance to beach do not ex-
ceed . 37.

Qur concern about nulticollinearity amng the nei ghborhood and com
munity variables was al so warranted when it was found that housing density
and population density were so highly correlated (.96 sinmple correlation)
that they were essentially nmeasuring the sane phenonena. The solution was
to allow only one of these variables in any equation. These enpirica
probl ems aside, we next proceed to discuss the estimated hedonic housing
val ue equations. However, it should be re-enphasized that the estimtion
was acconplished within the bounds of these enpirical difficulties.

The equations which provided the best statistical fit of the data are
presented in Table 5.7. The relatively high R”s (».83) indicate that a
| arge proportion of the variation in housing price is explained by the
variation in the independent variables. Except for two aberrations al
coefficients possess the expected sign and are statistically significant.
The exceptions are age, which is positive related to house val ue and
significant, and local tax rates which have the anticipated relationship
but are statistically insignificant. The former may occur since age may
not be an adequate neasure of housing condition since many ol der hones in
the Los Angeles are of high quality. The insignificance of local tax rates
seens puzzling. However, this is probably a result of the linear functiona
form since in the next subsections we find that taxes beconme significant
when non-linearities are introduced. Furthernore, the age variable assumes
the proper relationship in the non-linear equations.

Further examnation of Table 5.7 gives added insight into the deter-
mnants of house value. The air pollution variables both perform as expected
and are highly significant. In addition, the coefficients on the pollution
variables are quite simlar (-316.89 for TSP and -260.4 for NO2 when NO2 is
converted to pg/mB units) signifying that each, as a proxy for pollution,
has a similar inpact on house price. The stability of the coefficients on
the non-pollution variables (they are virtually identical) is also striking
This result suggests that househol ds are averse to pollution generally
rather than to any single pollutant.

The quantitative significance of a unit change in any of the independent
variables is obtained by examining the coefficient values. For instance
an increase of 100 square feet of living area woul d cause a $2866.8 increase
in the house price. Likewse, the coefficient on sale date shows that sale
prices were increasing by nearly $1,900/month over the study period.
Enploying this same type of analysis, benefits from a reduction in either
NO2 or TSP can be calculated. Therefore, using NO2 as the proxy, an im
provenent in air quality frompoor to fair infers capitalized benefits of
$14, 445/ home while a change from fair to good is valued at $13,526/ home.
As in the previous nethodol ogy, these figures together with data previously
generated (nunber of affected homes, etc.) becone the basis for calculating
average annual benefits [see equation (5.1)]. These benefit conputations
are conpleted in Table 5.8 for both NO2 and TSP (in parentheses).
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Table 5.7
Estimated Econonetric Equations (Linear)*

Dependent Variable = Home Sale Price in Dollars

I ndependent Variable NO2 Equation TSP Equation
Sale Date 1897.8 1944. 6
(7.0041) (7.0946)
Age 313.3 192. 41
(2.8236) (1.7823)
Living Area 28. 665 28.558
(13.516) (13.272)
Bat hroons 21, 856 22,378
(9. 2552) (9.3117)
Pool 10213 11375
(3.216) (3.5566)
Fireplaces 14107 13187
(7.1613) (6.6648)
Di stance to Beach -436. 55 761. 27
(-.19769) (-3.4148)
Di stance to Enpl oynent - 22597, - 18370
(-9.635) (-6.3776)
Cinme -564090. - 674680
(-2.7727) (-3.0476)
School Quality 208. 91 171. 94
(2.7353) (2.1777)
Et hni ¢ Conposition 4178.3 7442.9
(2.7697) (5.5327)
Housi ng Density -5.5248 -7.9192
(-1.9503) (-2.6061)
Tax -8.7207 -3.0441
(-.68288) (-.22507)
Public Safety Expenditure 59, 189 56. 278
(6.7578) (5.6769)
TSP -316. 89
(-2.7845)
NO2 -5104. 3
(-4.8851)
Const ant - 324820 - 652150
(-2.2395) (-5.0917)
2
R . 832 . 828
Sum of Squared Residual s 496900 508200
Degrees of Freedom 703 703

*t-statistics are in parentheses
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Table 5.8

Benefits - Linear Econonetric Methodol ogy

NO2 ( TSP)
o , Annual i zed Benefits
. Capitalized Benefits (Billion Dollars)
Change-in Air Quality (Billion Dollars) R =".0925 CRF =.0995
Poor to Fair 15.3 26. 2; 1.52 (.61
Fair to CGood 10.9 (5.4 1.08 2.543
Tot al 26.2 (11.6) 2.6 (1.15)

Capitalized Benefits
(%)

Annual i zed Benefits g$)
R =.0925 CRF =.099

Per Hone 14077, (6233) 1401. (620)
Per Honme Per Day 3.84 (1 703
Per Home Per Mbhth 115.20, (51.0
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The benefit figures dictate discussion on two counts. First, the large
di screpancy between the NO2 based and TSP based benefits is a result not of
the respective regression coefficients but rather from the fact that present
NO2 concentrations are nuch higher and denonstrate greater variability than
those for TSP. For instance, the average poor comunity has an anbi ent NO2
| evel of 242.7 pg/ mwhereas the TSP concentration for a sinilar community
is 118.4 pg/m. Aso, the gap between the quality indicators (poor-fair,
fair-poor) and therefore the required inprovenent is much greater for NO2
than TSP in percentage terms. Thus, since TSP concentrations are both
| ower and nore ubiquitous than NO2 concentrations, the benefits on reducing
the latter are correspondingly higher

Second, the linear econonetric methodology vyields benefit estimtes
which are somewhat [ower ( » 15% for NO2 cal cul ations, »62% for TSP cal -
cul ations) than those presented for the paired sanple approach. This is an
expected occurrence since the linear econonmetric study explicitly accounts
for the variation in non-pollution variables through statistical means
Therefore, this method can be considered an inprovenent over the previous
exam nation of nean housing val ues.

However, this approach is not wthout its associated problens.
Specifically, there has been nuch discussion in the property value liter-
ature that benefits based on a |inear equation coefficient tend to overstate
the true willingness to pay for air pollution reductions (see Section 2.1
and preferences 1, 4, 5, 10, 11). That is, it is generally accepted that
the air pollution coefficient may be enployed to value marginal change but
its applicability for total benefit calculations (non-marginal changes)
requires that further assunptions be made. For exanple, the linear equation
method contains the inplicit assunption that every reduction in air pollu-
tion is valued identically by all households. This neglects variations in
average benefits which nmay accrue to particular popul ation groups identified
by income or susceptibility to present pollution concentrations. In effect,
househol d preferences are assumed to be identical. This limts the

acceptability of the linear econometric approach. In the next subsection we
further refine this approach and address remaining issues
1/

Econonetric Approach - Non-linear Equation

The non-linear nethodology is a nulti-stage procedure, the objective of
which is to determne the benefits of air pollution abatenment while allow ng
different values for various individuals. In essence, this nmethod addresses
the mpjor criticisms of the previous approaches but nust effectively assune
the mathematical form of individual preferences. The first step involves
the estimation of a hedonic housing value equation. This is sinmlar to the
previous analysis except that in this case we do not arbitrarily restrict
the functional formto be linear. Non-linearities are to be expected in
an anal ysis of housing market data because: (1) the narket may not be in
long-run equilibrium (2) there may exist disequilibrium supply conditions
or (3) there are indivisibilities anong housing and nei ghborhood character-
istics. Therefore, in this step an attenpt is made to find the functional
form which provides the best statistical fit for the data.
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The second step is to determne the narginal wllingness to pay for
smal | changes in the air pollution data. This is done by taking the
derivative of the hedonic housing value equation (obtained fromthe initial
step) with respect to air pollution and evaluating for each of the four-
teen sanple comunities. Calculated for each community, this derivation
yields the within comunity average household willingness to pay for marginal
I mprovements in air quality. Determination of the marginal willingness to
pay is acconplished at the conmunity |evel of aggregation based on the
assunption that the individual households within the comunity are com
pl etely honpgeneous.

In the third step the marginal wllingness to pay figures (obtained
in previous step) are regressed on a set of comunity characteristics
(income and present pollution level) in order to estimate a margina
willingness to pay schedule. The resulting estimated equation provides
information on how various comunities identified by these characteristics
val ue reductions in air quality. Thus, differentiation along comunity
preference can be accounted for. For instance, it is a widely held belief
that marginal wllingness to pay increases with income. This hypothesis
Is tested in this step.

The final step enploys this latter estimated relationship to determne
the hone sale price differential attributable to the previously specified
air quality inprovenents. Mthematical integration of the relevant mar-
ginal wllingness to pay equation (a function of the stated community
characteristics) acconplishes this task. This final information conponent
is then inserted into equation (5.1) to derive average household benefits
in bid conparable terns.

The results of the hedonic housing value equation estimtion are pre-
sented in Table 5.9. As nmeasured by R, the non-linear functional form
perfornms somewhat better than the linear equation. In the NO2 equation al
i ndependent variables conformto our a priori expectations concerning the
relationship to sale price and all except ethnic conposition are statisti-
cally significant at the 5% level ( Y4 %3 1.645). A simlar statenent holds
for the TSP equation except that crinme replaces ethnic composition as the

only insignificant variable. In their respective equations, the air pol-
lution variables are highly significant. Note also that squared pollution
terns were utilized in the estimation. It was found that these performed

better than either the first-order or cubic terms. However, the performance
difference was not significant. Therefore, further analysis (benefit cal-
cul ations, etc.) based on the equations containing the first or third order
terns was conpleted and is discussed bel ow

The non-linear specification prevents straightforward analysis of the
quantitative inpact of a unit change in an independent variable since the
ef fect depends upon the level of all other variables. However, if NO2 and
the other variables are assigned these nean values than a unit inprovenent
in NO2 (one pphm is valued at $2,010.

Before proceeding to the next procedural step, a few coments concerning
the effect of msspecification bias are in order. That is, we conducted
experinents to see what would happen to the coefficient on air pollution if
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Table 5.9
Estimated Econonetric Equations*
Dependent Variable = Log (Home Sale Price in $1,000)

I ndependent  Variabl e NO2 Equation TSP Equation
Sale Date . 018439 . 018924
(10.108) (10. 427)
Age -. 0027044 -. 0031401
(-3.5185) (-4.1178)
Living Area .00019976 .00019688
(14.024) (13.896)
Bat hr oons 14777 . 15285
(9. 2661) (9. 6443)
Pool . 089959 . 092764
(4.2096) (4.389)
Fireplaces . 10355 .099225
(7.8325) (7.5833)
Di stance to Beach -. 014037 -. 013132
(-9.1443) (-9.1824)
Di stance to Enpl oynent -. 26979 -, 23201
(-11.663) (-9.1314)
Cime -2.2798 -1.5245
(-2.3574) (-1.5444)
School Quality . 00099327 .0010087
(2.0286) (2.0792)
Et hni ¢ Conposition . 0081532 . 027307
(1.2523) (4.5564)
Popul ation Density -, 000067145 -, 000061627
(-7.8422) (-7.2705)
Log (Tax) -. 030991 -. 046438
(-1.8253) (-2.7565)
Public Safety Expenditures .00032792 .00028288
(5.1487) (4.8582)
(TSP)2 -.000015702
- (-4.1798)
(N02) 2 -. 0010374 -
(-2.6935)
Const ant 4.2297 2. 3602
(6.2304) (3.8836)
Re 877 .878
Sum of Squared Residual s 22.62 22.29
Degrees of Freedom 703 703

126



certain nei ghborhood variables were omtted from the equation. For exanple,
I f distance to beach is excluded then the air pollution coefficient
increases from .0010374 to .0034176. Sinmlarly, if population density is

omtted then the pollution coefficient increases to .0024284. |n each of
these cases the air pollution termserves as a nmeasure of pollution and
ot her nei ghborhood disamenities as well. These specification errors would

eventual |y result in biased benefit estimates. Therefore, a fully specified
equation is crucial.

The estimted equations shown in Table 5.9 yield the nmargina
willingness to pay for inprovenents in air quality by taking the derivative
with respect to the relevant air pollution variable. This procedure
supplies information on the anount of noney the average household in each
comunity would be willing to pay for small changes in pollution |evels.
This information, in conjunction with conmunity average incone and pol |l ution
| evel s, are the basic inputs to the third nethodol ogi cal step - estimation
of the willingness to pay equation. Table 5.10 presents two formulations
of this equation for NO2. The first assunes a linear relationship while
the second postulates a log-log form As is indicated by the coefficients
both income and pollution are positively related to marginal wllingness to
pay. Thus, higher income communities in poor air quality regions have the
greatest willingness to pay. Sinilar results were discovered for the TSP
based equations but they are not presented.

Gven this analysis it then becones possible to conplete the multi-
step procedure and calculate: (1) the average sale price differentia
attributable to changes in air quality; and (2) benefits derivable from
these changes in per home, per day units, through use of equation (5.1).
The first calculation is acconplished by integrating the willingness to
pay equations (assigning the incon? variable its nean value) over the
range of air quality inprovenent. 2/ In this manner, the reduction in
pol lution consistent with the poor to fair inprovement is valued at $5,793/
home for the |inear NO2 willingness to pay equation and $6, 134/ horme for the
| 0g-10g NO2 equation. The val ues which correspond to the fair-good change
are $4,244/ hone and $4,468/ hone, respectively. |f TSP is used as the nea-
surement criteria then poor-fair is valued at $6,053/ hone (linear) and
$6, 033/ home (log-log) while fair-good is valued at $5,677/home (linear)
and $5, 964/ home (1 og-10g)

The above figures are translated into average benefits illustrated in
Table 5.11 through application of equation (5.1). Ascan be seen from
exam nation of Table 5.11, daily household benefits cal cul ated using the
mul ti-step procedure range from $1. 40/ day/ home to $1. 48/ day/ hone or $42.00
and $44.40 per month, respectively for NO. These are considered our
“best” estimtes since the technique used as their specification at |east
addresses known nethodol ogi cal problems. W correspondingly place the
nost faith in them Further, the TSP based cal culations remain fairly
constant at about $I.60/day/home, so the daily household willingness to pay
to achieve the specified air quality inprovenents are relatively insensitive
to the pollutant used in the willingness to pay equation. The TSP results
are also insensitive to the specification of the hedonic housing equation,
the first link in this methodology. That is, whether the first or third
order TSP term was used in this equation (rather than the squared term
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Table 5.10
Estimated WIlingness to Pay Equations (NO2)*
Dependent Variable = Marginal WIlingness to Pay in Dollars

I ndependent Variable Coef fi ci ent t-statistic
Const ant -1601. 3 -2.7622

| ncome** . 050051 8. 2662
NO2 | evel 162. 67 3.7832

R =

. 864
Degrees of Freedom = 11

Dependent Variable = Log (Marginal WIIlingness to Pay in Dollars)

I ndependent Variable Coef fi ci ent t-statistic
Const ant -6. 4845 -5.7025
Log (Income**) 1. 1473 13.092
Log (NO2) . 87283 6. 1051

R =.942

Degrees of Freedom= 11

~ *These equations are based on the hedonic housing val ue equation which
utilizes (N02)2 as the air pollution neasure.

**The incone variable is defined as average community incone and in
dol l ars.
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Table 5.11
Benefits - Milti-Step Econometric Methodol ogy*
(A) NO2 (TSP) - Linear WIlingness to Pay Equation

Annual i zed Benefits

Capi t I|zed Benefits (Billion Dollars)
Change in Air Quality ( illion Dollars) R = .0925 CRF = .0995
Poor to Fair 6.12 56. 43 .61 2.6373
Fair to Poor 3.42 (4.6 .34 (.458
Tot al 9.56 (11.0) .95 (1.095)
Capitalized Benefits Annual i zed Benefits g$)
(9) R =.0925 CRP = .0995
Per Home 5136 (5910) 511 (588)
Per Home Per Day 1.40 51. 61)
Per_Hone Per Month 42.00 (48.30)

(B) NO2 (TSP) - Log-Log WIlingness to Pay Equation

Annual i zed Benefits

o . Capi t I|zed Benefits (Billion Dollars)
Change in Air Quality ( illion Dollars) R =.0925 CRF =.0995
Poor to Fair 6.5 (6.4 . 645 2.643
Fair to Poor 3.6 (4.7 . 355 (.47
Tot al 10.1 (11.1) 1.0 (1.1
Capitalized Benefits Annual i zed Benef|ts $
(9) R = .0925,
Per Home 5427 (5964) 540 (593)
Per Home Per Day 1.48 51. 63
Per _Home Per Mbnth 44.40 (48.90)
*Note that in the estimated hedonic housing equation (step 1) the

second order pollution terms were used.
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had little effect on the eventual benefit calculations. However, this was
not the case for N02. In this instance, daily household benefits fluctuated
froma | ow of $.87/day/hone or $26.10 per nmonth [(NO02)3 used in hedonic
housi ng equation and linear willingness to pay equation] to a high of $2.09/
day/ hone or $62.70 per nmonth (first order NO2 termused in housing equation
and linear willingness to pay equation).

In conparing these figures to the sinpler property value approaches
we again find an adjustment downward as the nethodol ogy becomes nore re-
fined. This is consistent with our conjecture that the paired sanple
approach would yield upper bound benefits. This result also provides
further support for the hypothesis that the l|inear econonetric approach
overestimates the total wllingness to pay for pollution reductions. This
overestimation can be partially corrected by enploying the final procedure
posited here

In conclusion, we have attenpted to describe and utilize a multi-step
approach to the determnation of air pollution abatement benefits. Each
of the steps is linked to those that preceed it. Therefore, benefit
calculations are a function of a hedonic housing val ue equation, the
resulting marginal wllingness to pay data, and an estinmated wllingness
to pay schedule which yields the sale price differential attributable to
air quality. Finally, our “best” estimates of daily household benefits
was $1.40/ day/ home cal cul ated using the second order NO2 termin the hedonic
housing equation and a linear wllingness to pay equation. However,
benefits could easily range from $.87/day/ home to $2.09/day/ hone.

5.4 Sunmary

This paper began with the premse that valuation of non-market com
modities constitutes a socially desirable objective on efficiency and
equity grounds. However, no nethodol ogy, which is generally accepted,
exists to acconplish this goal. Therefore, any new experinental valuation
technique requires validation. The analysis undertaken here is an attenpt
to satisfy this requirement for the contingent valuation approach.

This study can be viewed as a systematic investigation of housing
mar ket data within the comunities which conprise the sanple plan. It
consists of three separate approaches. The first, the paired sanple
met hodol ogy, is primarily based on the sanple plan. In this procedure we
attenpted to determne the benefits derivable from air quality inprovenents
through a conparison of sale price averages in the paired comunities.
Thi s approach was found to be beset with a nunber of problenms, yet the
upper bound of $4.50/ home/day for a poor-fair, fair-good inprovenent was
det erm ned

The second approach, a |inear econonetric nethodol ogy, was an attenpt
to utilize traditional property value analysis to develop benefit estimates.
The ordinary least squares regression technique was the basic tool used to
estimate a |inear hedonic housing value equation. The benefit calculations
derived from this equation were considered an inprovenent over the paired
sanpl e approach since explicit account was made for a number of housing
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and nei ghborhood variables. Thus, this analysis provided more refined
benefit figures but they were still considered an overestimte since no

al l onance was made for varying valuations of air quality changes dependent
on houshol d characteristics.

In the final approach, nulti-step econonetric nethodol ogy, we addressed
the criticisms which plagued the earlier approaches and devel oped nore
refined benefit estimates. Qur best estimate of wllingness to pay for the
specified air quality change (about a 30% reduction in average anbient |evels)
was approximtely $1.40/day/honme ($42.00 per nonth). This amount is based
on ahedoni ¢ housing equation which allows non-linearities [including using
(Nz2)2  as a proxy for air pollution] and either a linear or a |og-log
w | lingness to pay equation. However, this figure is not precise and
therefore we put the possible range of benefits at between $.87/day/ home
($26.10 per rmonth) and $2.09/day/ home ($62.70 nonth).
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FOOTNOTES: CHAPTER V

U This analysis follows closely the procedure devel oped by Harrison
and Rubinfeld (1978).

2l The fornula used in these calculations is:

Pol lution before _
) (WIP;) d Pol [ ution
Pol lution after

wher e V\7FPi = f(income, pollution).
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Chapter Vi

PRELI M NARY COVPARI SONS BETWEEN PROPERTY
VALUES AND | TERATI VE BI DDI NG RESULTS

The South Coast Air Basin experiment consisted of an attenpt to val ue
air quality through exam nation of differences in property val ues and
through an interview survey instrument to neasure willingness to pay. Six
pairs of neighborhoods were selected for conparative purposes. The pairings
were made on the basis of simlarities of housing characteristics, socio-
econom ¢ factors, distance to beach and services, average tenperature, and
subjective indicators of the "quality" of housing. Thus, for each of the
pairs, an attenpt was made to exclude effects on property val ues other than
differences in air quality.

Wi le the sample paired met hodol ogy was an attenpt to establish com
parability between results of the research designs, certain cautions shoul d
be kept in mnd. These additional assunptions are that:

1. aninplicit hypothesis exists such that there is a directiona
consi stency between the types of biases of the two research
desi gns;

2. in a theoretical sense, each research design is neasuring the
same “good;”

3. the groups being sanpled are identical within the paired areas;

4, the tinme frames fromwhich the valuation estimtes are derived
are assumed constant (i.e. , equilibrium versus non-equilibrium
contexts for individuals and markets); and

5. a problem exists in assigning proper weighting for a set of
di verse sanples

Wth these difficult qualifications in mnd, let us turn to a pre-
limnary conparison of results obtained fromthe property value and sanple
survey results. Table 6.1 provides some extremely prelimnary results on
mont hl'y val uations by households of an arbitrary inprovement in air quality
in the Los Angeles Basin of approximately 30% For the paired conparisons
property value study, the estimte per household with no adjustnents for
househol d differences except in an areal and subjective sense (see Chapter
I11), is approximtely $135 per nonth. Extrapolated the results to the basin
as a whole yields an annual benefit froman inproved air quality inprovement
of 30% a value of approximately $4 billion dollars.
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Table 6.1

Alternative Estimtes of Mnthly Bids by Household,

Total Benefits for Air Quality Inprovenent
in the South Coast AiryBagpn

(Approxi mate 30% I nprovenent in Ambient Air Quality)

Proper tv Value Study Survey Study
Non- Prel mnary
Paired Li near Li near Mean Regressi on
Communities Regression | 3-Step Bid Resul ts
Average ($) bid per house-
P9 o) ot §135 51115 | sS4 | saor | S26v
Annual benefits (selected $3. 96 $1.25-2.6 $.95 $. 65 $.58

areas and groups of the
South Coast Air Basin)
in billions of §'s)

*Best estimate, possible range, $26-63 per nonth.

~ **Based on maxinumtotal bid with an adjustnment for years to achieve
inprovements in air quality.

***Based on maxinumtotal bid equation with an adjustment for the anmount
of air pollution information available to the househol d.
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The other extrene is an estimate of its value of inproved air quality
per month by household utilizing the prelimnary results in Appendix D
fromthe survey. This value is approximately $26 per nonth per househol d.
This yields-a rough estimate of annual benefits froman approxi mate 30%
improvement in air quality of slightly nore than $.5 billion dollars.

Further, internediate estinmates are cal cul ated on the basis of various
econom ¢ assunptions delineated in Chapters Il and V. By making various
assunptions with regard to the change of air quality in the Los Angel es
Basin, other estimates of inprovements can be derived. For example, if it
can be presumed that the various areal groups, when bidding froma
reasonably poor air quality to a reasonably good air quality, were bidding
on the basis that their area would be totally cleaned up, an alternative
estimate of the nean bid on an annual benefits basis is $1.07 billion
dollars. This is conparable with the linear estimate derived fromthe pro-
perty value study. For the reasons given earlier, these researchers believe
that, depending on assunptions, a range of willingness to pay for both
studi es anywhere froma | ow of approximtely $20-30 to a high of approxi-
mately $140-150 per nmonth per household is obtained.

It appears from these prelimnary results and comparisons that con-
tingent valuation studies will tend to give a |ower valuation of air quality
I nprovenent than observing at the nmargin what happens in an extremely
volatile property market. However, only after substantial in-depth
statistical examnation and conparability checks between the two studies
wi Il the researchers be able to state unequivocally how these val uations
may turn out. The results conmpiled in this study suggest that survey
instruments, when conpared to property val ue techniques, provide a rea-
sonabl e mechanism to obtain environmental quality benefit estimtes. The
survey approach has the advantages that: (1) data can be collected at
| ow cost on specific environnental problens (the investigator is not tied
to the availability of existing data sets); (2) benefit measures can be
di saggregat ed across individuals and sources of benefits fromvarious
characteristics such as aesthetic experiences and perceived health can be
obtained; and (3) a voluntary consuner statenment of wllingness to pay
gives sone justification in and of itself for expenditures on air quality
and perhaps nore generally on environmental quality prograns.

As a final caution, it should be kept in mnd that the South Coast Ar
Basin studies were conducted in an area where individuals have both an
exceptional |y well-defined pollution situation that they have encountered
and a wel|-devel oped hedonic price-property value nmarket for clean air.

The effect of clean air on property values, and in turn, on the degree to
whi ch people are aware of increased housing prices in high air quality
areas appears to be exceptionally well specified at this tine in the

South Coast Air Basin. Note further that 1970 property values on the basis
of several studies have shown a nuch weaker association with air quality
than those that were obtained utilizing the 1977-78 air quality data set
applied here. W feel that this change reflects a substantial shift in
tastes and concern over air quality for this regional population. Therefore,
it should be recognized that the results of this experinment may well not

be generalizable to other situations where the environnental commodity,
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i.e. , air quality; is not so well specified, either through actual market
prices or hunman perception.
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APPENDI X A

Thi s appendi x presents the basic survey instrunent enployed in the
South Coast Air Basin study. As discussed, the initiation point for the
survey instrument was either acute health effects or aesthetic effects.

Three basic areas existed (good, fair, bad). Thus the follow ng conbinations
existed for survey instrument types.

For mat
For mat
For mat
For mat
For mat
For mat
For mat
For mat

for
for
for
for
for
for
for
for

A area
A area
A area
A area
B area
B area
C area
C area

moving to B (Aesthetic]
moving to B (Acute)
moving to C (Aesthetic)
moving to C (Acute)
moving to C (Aesthetic)
moving to C (Acute]

to C* (Aesthetic)

to C* (Acute)

The structure of the different conbinations was identical. Conbination
1 is presented for illustrative purposes.
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Table A.1l

INDOOR ACTIVITY AND COST LIST

Activity

Hours Times Location Miles Direct
Per Week Per Week (Map Grid) Traveled Costs
A B C A B: C D A ; B C D At B C D A B C

X Day

Equipment
Replacement
Costs

Importance

Indoor Spectator Events

Indoor Tennis

Raquetball, Handball

Table Tennis

Bowling

Indoor Gardening or
Fixing up House

General Exercise

Organized Sports Events

Reading

Television

Movies

Club Activitiass,
QOrganizations

Individual Sports

Swizning

Visiting Neighbors or
Friends

Other (specify)
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Table A.2

ACTIVITY AND COST LIST

Hours Times Locatien ) Miles Direct Equipment
Per Week Per Week (Map Grid) Traveled Costs Replacement
Activicy B Cc A B C D | A B Cc D | & B [ D |A B C D . X Day Costs Importance
Outdoor Spectator
Sports
Tennis
Biking

Beach Activities

General Exercise

Fishing

Swimming

Sailing

Joegging/Walking

Hobbies, Arts & Crafcs

Outdoor GCardening or

Fixing up House
Golf

Hiking

Camping

Organized Sports Events

Individual Sports
Events

Other (specitv)




GAME FOR A AREA MVING TO B, AESTHETIC Questionnaire #
Interviewer #

| NTRODUCTI ON

1. In a typical week how nuch day and night leisure time do you have available?
This includes both weekdays and weekends. By leisure, | mean the tinme you
do not spend eating, sleeping, or working to earn a living. hour s

2. Has air pollution influenced where you have chosen to live? Yes[ ] No[ ]
3. Has air pollution influenced where you have chosen to work? Yes[ | No[ ]

4. Would you classify the air quality in the area where you live as
Good[ | Fair[ ] Poor[ ]

5. Wuld you classify the air quality in the area where you work as:
Good[ ] Fair[ ] Poor[ ]

5a. What is your occupation?

6. Are you aware of any health hazards due to air pollution? Yes[ ] No[ ]

7. How long have you lived in the Los Angeles area?

8. How nuch longer do you plan to live in the Los Angeles area?

9. Do you think autonobile em ssion standards should be: Increased| ]
Decreased] | Kept the Sane[ ]

ADM NI STER | NDOOR AND QUTDOOR ACTIVITY AND COST LI STS (TYPI CAL VEEK) CHECK
THE TOTAL TIME CONSTRAINT

Bi dding Gane for Residents of Area A

Here are three photographs representing average |levels of visibility
for the three different regions of the Los Angeles Area shown on this
map. Picture A represents poor visibility; Picture B represents fair
visibility; and Picture C represents good visibility.

Public officials are strongly considering the possibility of trying to
reduce the levels of emssions throughout the Los Angeles Area. Such
action could require additional funds which mght be generated by (a
mont hly charge, an extra charge in your utility bill) for as long as
you live in the Los Angeles area. These funds will be used to help
finance air quality inprovenents in the Los Angeles area
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Aesthetic

The Los Angeles area has some very beautiful background scenery.
Because of autonobile and industrial emssions, there is a haze which
reduces and distorts the ability to see this scenery. This neans that
many people have to |eave Los Angeles and travel |ong distances to be
able to enjoy views which could be visible fromtheir hones if these
em ssions were reduced

As indicated by the map, you live in an area which has been classified
as having poor air quality relative to the rest of the Los Angel es

area. Picture Arepresents the visibility level which typically occurs
in your area. | amonly interested in how you value being able to see
| ong di stances.

If the Ievel of em ssions could be reduced in the Los Angel es area so
that visibility conditions would be represented by Picture B instead of
A not only in the B area but also in your area, and if the air would
be cleaned up to this level in (2, 10) years, would you pay (a nonthly
charge, an extra charge in your utility bill) of ($1, $10, $50) for as
long as you live in the Los Angeles area?

[ ] DO FOLLOWNG ONLY | F CHECKED

LIFE TABLE: Here is a table that might help you. It shows the total anmount
you woul d pay for as long as you live in Los Angeles for various amunts of
monthly paynents.

RECORD MAXI MM BID

Wul d you consider noving to a new | ocation in the Los Angel es area
if air quality were like Picture C everywhere? Yes[ ] No[ ]

| F YES.
Where would you rmove? (GRID LOCATION ON MAP)
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Bidding - Aesthetics and Acute Health

The questions | asked earlier were only concerned with your perception
of visibility. This section deals with not only visibility but with
short term health effects which may be aggravated by air pollution.

Sone pol lutants in high concentrations cause eye irritation for many
individuals. Studies have shown that about half of the population
experiences eye irritation under conditions represented by Picture A
about one-fourth experiences eye irritation under conditions represented
by Picture B, while no one experiences these irritating effects when
conditions are represented by Picture C

Since you reside in area A, which has been classified as having poor

air quality, there is reduced visibility as well as irritating health
effects as conpared with B. If the level of emssions could be reduced
in the Los Angeles area so that visibility and irritating health effects
were represented by Picture B not only in the B area but also in your
area, and if the air would be cleaned up to this level in (2, 10) years,
woul d you pay a (a nonthly charge, an extra charge in your utility bill)
of (START BI DDING WTH PREVIQUS MAXIMUIM BID) for as long as you live

in the Los Angeles area?

[ ] DO FOLLON'NG ONLY | F CHECKED

Life Table: Here is a table that mght help you. It shows the total amount
you woul d pay for as long as you live in Los Angeles for various amounts of
monthly paynents.

RECORD MAXI MUM BI D

REVI SIONS | F NECESSARY

Wul d you consider noving to a new | ocation in the Los Angel es area
if air quality were like Picture C everywhere? Yes[ ] No[ ]

I F YES

Wiere woul d you nove? (GRID LOCATI ON ON MAP)
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Substitutions

Aesthetic; Oiginal Position A, Mvement to B

NON- ZERO BI DS

You stated that you would pay $ per nonth for as long as you live
inthe Los Angeles area if visibiTity inproved fromA to a condition

like that shown in B, if this could be acconplished in (2, 10) years.

If you actually paid this amount in order to help finance air pollution
control prograns, you would have less money to spend overall. However
because you said you woul d pay some anount of noney, you are indicating
that clearer air is something you value. Consequently, when conditions
like B are achieved, even though you have paid noney to help inprove
the visibility, this does not mean that your standard of living is

wor se than before because now you will be living and recreating in a

| ess polluted area.

If the visibility conditions were to inprove fromA to Bin your area
woul d the inproved conditions change the pattern of your |eisure
activities? This could be changes in time per week, |ocation, or
frequency. Yes[ | No[ ]

IF NO, GO TO NEXT BI DDI NG GAME
| F YES, THEN

A, Admi nister indoor and outdoor activity and cost |ist
B. Check time constraint

ZERO BI DS

Al though you told me that you would not pay anything to have visibility
i nprove throughout the Los Angeles area to like that shown in Picture B,
woul d the inproved conditions change the pattern of your |eisure
activities? This could be changes in time per week, |ocation, or
frequency. Yes[ | No[ ]

IF NO, GO TO NEXT BIDDI NG GAME
| F YES, THEN

A, Adm nister indoor and outdoor activity and cost lists
B. Check tinme constraint

143



Substitutions
Aesthetic + Acute; Original Position A, Mvenent to K
NON- ZERO BI DS

Wth the extra information on possible short termhealth effects when
conditions are |ike A vyou said that you woul d pay $ per nmonth

for as long as you lived in the Los Angeles area if conditions im
proved fromthose associated with Picture A to conditions shown in
Picture B, and if this could be acconplished in (2, 10] years. As

bef ore, because you said you woul d pay some anount of noney, you are
indicating that clearer air is sonething you value. Consequently, when
conditions like A are achieved, even though you have paid noney to help
inmprove the visibility and to |essen short term health effects, this
does not nean that your standard of living is worse than before because
now you will be living and recreating in a less polluted area

If conditions inproved so that Picture B were representative of the
entire area, with no visibility problems or irritating effects, would
the inproved conditions change the pattern of your leisure activities?
Yes[ ] No[ ]

|F NO GO TO NEXT BI DDING GAME

| F YES, THEN

A Administer indoor and outdoor activity and cost lists
B. Check time constraint

ZERO BI DS

Al t hough you told me you woul d not pay anything to have visibility
conditions and short termhealth effects inprove throughout the area
to like those shown in Picture B, would the inproved conditions change
the pattern of your leisure activities? Yes[ ] No[ ]

NO, GO TO NEXT BI DDI NG GAME

I
| F YES, THEN

F
F

A Admi nister indoor and outdoor activity and cost lists
B. Check time constraint
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Substitutions
Aesthetic + Acute + Chronic; Original Position A, Mvement to B
NON- ZERO BI DS

Gven the information that continued exposure to |levels of air pol-
lution like those shown in picture A could actually reduce your life
expectancy, you said you would pay $ per nonth for as long as you
lived in the Los Angeles area if conditions inproved fromthose in A to
those frown in B, and if this could be acconplished in (2, 10) years.
Once again, | would like you to think of this expenditure as |eaving
you as well off as before you paid the noney, since you are now living
and recreating in a less polluted area

If conditions inproved so that Picture B were representative of the
entire area, with no visibility problenms or short and long termhealth
effects, would the inproved conditions change the pattern of your |ei-
sure activities Yes[ ] No[ ]

| F NO, PROCEED TO GENERAL | NFORMATI ON SECTI ON

| F YES, THEN

A Administer indoor and outdoor activity and cost lists
E. Check tinme constraint

ZERO BI DS

Al though you told nme that you would not pay anything to have visibility
or short and long term health effects inprove throughout the Los
Angel es area to like those shown in Picture B, would the inproved con-
ditions change the pattern of your leisure activities? Yes[ ] No[ ]
IF NO GO TO GENERAL | NFORMATI ON SECTI ON
|F YES, THEN

A Adm ni ster indoor and outdoor activity and cost lists
B. Check tinme constraint
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Bidding - Aesthetic, Acute Health and Chronic Health Effects

The quality of the air may also affect your long termhealth. There is
evi dence that high concentrations of em ssions as represented in
Pictures A and B have |asting effects upon the respiratory and circul -
atory systems in addition to eye irritation and reduced visibility.

Evi dence shows that, on the average, people who live in areas with con-
centrations like those in Picture A can expect a reduced |ifespan of up
to 2 years conpared with people who live in conditions represented by
B, and up to 3 years when conpared with people who live in conditions
represented by Picture C

If the level of em ssions could be reduced in the Los Angeles area so
that visibility, short and long termhealth conditions would be repre-
sented by Picture B instead of A, not only in the B area but also in
your area, and if the air would be cleaned up to this level in (2, 10]
years, would you pay (a monthly charge, an extra charge in your utility
bill) of (START BIDDING WTH PREVIQUS BID) for as long as you live in
the Los Angeles area?

[ ] DO FOLLONNG ONLY | F CHECKED

Life Table: Here is a table that mght help you. It shows the total anount
you would pay for as long as you live in Los Angeles for various amounts of
nonthly payments.

RECORD BID

REVI SION | F NECESSARY

I's there some other paynent schene besides (a nonthly charge, an extra
charge in your utility bill) that you would prefer? Yes[ ] No[ ]

IF YES

What would it be?

Wul d you consider noving to a new | ocation in the Los Angel es area
if air quality were like Picture C everywhere? Yes[ | No[ ]

| F YES:
Wiere woul d you nove? (GRID LOCATI ON ON MAP)
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GENERAL | NFORMATI ON SHEET:  WOULD YQU PLEASE FI LL QUT THE FOLLOW NG?

10.
11.

Age__
Sex: Mle[ ] Female[ ]

Marital status: Single[ ] Married[ ]
Nunber of persons in your household?__

Your education: years Hi ghest degree obtained:
H gh School[ ] College[ ] Vocational ] Advanced|[ ]

Address of enpl oyment:
Location of enployer(s) (GRID LOCATION ON MAP)

Are there any environnental hazards associated with your job, such as
noi se, health, or sight? Yes| ] No[ ] IF YES: Wiat are these hazards?

VWhat is the percentage of your work time indoors? %

In a typical work week how nuch tine do you spend on the job? _ hours
If you received our panphlet last week, did you read:

[ ] 0-5 pages

[ ] 5-10 pages
[ ] nmore than 10 pages

you live in area A or B:

How much woul d you pay for this same house (apartment) today if it
were |ocated in an area where the air pollution levels were like those
shown in Picture C? §

If you live in area C

Do you believe that any part of the value of your home is because you
live in a relatively unpolluted part of Los Angeles? Yes[ ] No[ ]
IF YES. How nmuch (% or dollars)

If you live in area B or C

Wul d you consider noving if the air pollution problemwere as bad as
A throughout the entire area? Yes[ | No[ ]
IF YES: Were would you nmost likely nove? (GRID LOCATION ON MAP)
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How nuch do you think it would cost to clean up air pollution in the Los
Angel es area to a condition like that shown in Picture C?

If all citizens were billed equally, how nuch do you think it would cost
each person in order to achieve conditions |ike that shown in Picture C?
$
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1. Characteristics of hone:
Living Area: square feet
Nurmber of Roons:
Nunmber of Bedroons:
Number of Bathrooms:
Qther Rooms: (PLEASE CHECK)

[ ] Den

[ ] Famly room

[ ] Dining room

[ 1 Enclosed porch

& ] Attic

Basenent

% Basenent finished

[ ] Wility room

Scenic View Yes[ ] No[ ] IF YES:  Specify

Nunber of Stori es: (1 NCLUDE BASEMENT)
Renodel ed:  Yes[ ] No[ ] Don't know ]

IF YES. Specify previous style and date

2. Equi prent : (PLEASE CHECK)
[ ] Dishwasher
[ ] Disposal
[ ] Central Air Conditioning
[ ] Trash Conpactor
[ ] Central Heating
Pool : Yes[ ] No[ ]
IF YES: Circle whether heated, enclosed, or other (specify)
Fireplace: Yes[ ] No[ ]

Age of hone: years (when constructed)
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|F YOQU LIVE IN AN APARTMENT, GO TO QUESTION 4
3. a) Year of purchase:
b) Could you please indicate what the purchase price was: $
c) What are your nonthly paynents: $
d) What do you feel your hone is worth in today’'s market? $
e) What are your property tax paynents per year? $
f) How long have you been living in this house? _ years
G TO QUESTION 5
4. a] How long have you been living in this apartnment: __ years
b) Would you indicate your nmonthly rent? $
5. \WWhat are your insurance paynents per year? $

6. What do you pay monthly for general upkeep around your home (apartment)?

7. Wy have you chosen to live in this area? RANK I N ORDER OF | MPORTANCE,
WHERE ONE |'S MOST | MPORTANT. CHOOSE TOP FI VE.

Attractiveness of area in general
Cose to work

Close to recreation activities
Close to friends

C ose to schools

Close to services

Close to transportation routes
Ar quality

Affordability of hone

Low crime rate

Prestige of area

Qui et nei ghbor hood

O her

,_,_,_,_,_,_,_,,_,,_,,_,_.,_,_
P S T S P S P S P P R P—

8. \What are your average expenditures per month for food: $
9. What are your average expenditures per year for clothing? ¢

10. Please mark the box corresponding to your annual household incone.
[] 0- $5, 000 [ ] $30,000-$35,000
[ ] $5,000-$10,000 ] $35, 000- $40, 000
[ ] $10,000-$15, 000 ] $40, 000- $50, 000
[ ] $15,000-$20, 000 ] $50, 000- $60, 000
[ | $20,000-$25, 000 ] $60, 000- $80, 000
[ ] $25,000-$30, 000 ] Over $80, 000

et ey et —— ——
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1. Do you own or share in the ownership of a motor vehicle? Yes[ ] No[ ]

Type of Vehicle(s) Model Year
Model Year
Model Year

2. How nmany |icensed drivers are in your famly?

3. How many mles per gallon do you get for each car in the city?

g
npg
npg
How many mles do you and your famly typically travel in your autono-
bile per week? __ mles
4, lt-low many hours do you and your famly spend in a typical week commuting
0:
Work or school ~__ hours
Shoppi ng ___ hours
Recreational activities __ hours

5. Do you participate in a car pool? Yes[ ] No[ ]
6. How nuch do you spend each nonth on:

a) Gasoline costs §

b) Mai ntenance costs $

c) Public transportation fares $

d) Insurance paynents $

7. Did you take a vacation within the |ast year where you were away from
home for nore than 4 days? Yes[ ] No[ ]

IF YES. About how much were your expenditures on this trip? $

151



Have you ever had any of the follow ng? (PLEASE Cl RCLE)

a) High blood pressure e) Asthma

b) Heart trouble f) Chronic nervous trouble
c) Stroke g) Cancer

d) Chronic bronchitis h) Tubercul osi s

Have you ever had trouble with the followng? (PLEASE Cl RCLE)

1) Pain in the heart or tightness or heaviness in the chest
]) Trouble breathing or shortness of breath

k) Frequent headaches

|) Constant coughing or frequent heavy chest colds

m Frequent eye irritations

n) Alergies

0) Nose and throat irritation

Are any of these (the above) conditions aggravated (or made worse) by
heavy air pollution? Yes[ ] No[ ]

IF YES:  Which ones? (LIST LETTERS Cl RCLED)

Do you suffer fromany other diseases which coul d be made worse by poor
air quality? Yes[ ] No[ ] Specify

Do you or any nmember of your famly have any physical disabilities which
limt your activities? Yes[ ] No[ ]

Wul d conditions like those in Picture C, if they occurred over the
entire area?

a) Mke your life nore
pl easant Not at all[ ] To some degree[ ]
Geatly[ ]

h) Require you to spend
| ess money on drug

items or doctor’s Not at all[ | To sone degree[ ]
fees Geatly[ ]

¢c) Mke it easier to Not at all[ ] To some degree[ ]
do your work? Geatly[ ]

Do you enjoy doing your leisure activities nore during the day or during
the night? Day Ni ght Makes no difference

Do you snoke? Yes[ ] No[ ] IF YES. How many packs per day?

Do you take nedication regularly? Yes[ ] No[ ]
IF YES. Monthly expense on this nedication? $ / mont h
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10.

11.
12.

13.

How much do you spend nonthly on nedical problems associated with air
pollution effects? $ / mont h

How nmuch do you spend yearly for doctor's fees? $ [year

How much do you spend yearly on medical and life insurance?
$ [ year

Have you purchased any itens to reduce your exposure to air pollution
(such as carbon filters)? Yes[ ] No[ ]
IF YES. What itens?
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Wi ch one of these statments applies to you? (CHECK ONE)

[ ] | have not been bothered by air pollution

[ } | have been sonewhat bothered by air pollution.
| have been bothered quite a lot by air pollution

Do you believe that air pollution in Los Angeles:  (CHECK ONE]

[ ] Has become worse since you have lived here.

Has stayed about the same since you have lived here.
Has gotten better since you have |ived here.

What do you think should be done about air pollution? (CHECK ONE)

[ ] I'gnored
[ ] Reduced

Pl ease rank the followi ng problens in terns of inportance (nmost to
least) as the mejor issues facing the comunity.  (CHOOSE TOP FI VE)

Juveni | e delinquency [ ] Nuclear energy
Communi cabl e di sease [ ] Alcoholism
Unenpl oynent [ ] Water pollution
Air pollution [ ] Energy

Car accidents [ ] Congestion
Crinme [ ] Qher

,_,,_,,_,,_,,_,,_,
—_— e

Do you believe that air pollution in the Los Angeles area

[ ] Cannot be reduced below its present |evel
[ ] Can be reduced below its present |eve
[ ] Can be alnobst conpletely elimnated

Wiat do you think the words “air pollution” nean to nost people in the
Los Angel es area? Do they mean:

a) Frequent bad smells in the air Yes[ ] No[ ]
b) Too nuch dirt and dust in the air Yes[ ] No[ ]
c) Frequent haze or fog in the air Yes[ ] No[ ]
d) Frequent irritation of the eyes Yes[ ] No[ ]
e) Frequent nose or throat irritation Yes[ ] No[ ]
f) O her Yes[ ]

Have you read or seen anything in the newspaper recently about air
pol lution? Yes[ | No[ ]

Wen you read the newspaper, do you generally choose to read articles
on air pollution? Yes[ ] No[ ]
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Do you consult the daily air pollution index before engaging in any
activities? Yes[ ] No[ ]

|F YES: What kind of activities?
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1 If you received our health panphlet, what do you think about it?

[ ] Did not read [ ] Made me nore concerned about
[ ] Very informative heal th effects

[ ] Hard to understand [ ] Had no influence on ne

[ ]

Scientific munbo-junbo

2. Here is a list of words and phrases. Select two which describe how you
feel about your participation in this survey.

Stimulating

Just tolerable

A waste of tine

Educati ona

Boring

An invasion of privacy
I nteresting

Kind of fun

Hard to take seriously

e e e e

3. Here is a different list of words and phrases. Select two which describe
how you feel about the questionnaire.

[ ] Relevant

[ ] Credible

[ ] Likely to influence air quality contro

[ ] Unrealistic

[ ] Pretty flakey

[ ] Unlikely to have any effect on air quality control

[ ] Irrelevant

4. Finally, here is another list of words and phrases. Select one from
each colum to describe how you feel about your answers to the question-

naire
Colum 1 Colum 2
[ ] Quite accurate [ ] Afairly good guide for

valuing air quality
[ ] There was no way | could

come up with accurate [ 1 A good guide for valuing
answers. air quality.

[ ] Accurate in a "ball park” [ ] A poor guide for valuing
kind of way. air quality.

THANK YOU FOR YOUR COCPERATI ON.
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APPENDI X B
The follow ng represents the health panphlet that was sent to half of

the respondents who were contacted by phone and agreed to participate in
the study.
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Al'R POLLUTI ON AND HEALTH

This pamphlet will try to answer some questions about air pollution
and human health. How do the major pollutants affect the body? Wat is
known scientifically about these effects? Wat kinds of real life studies
have been carried out to test facts learned in the |aboratory? This
information is provided so that you can draw your own conclusions about
the health effects of air pollution

Nearly every day in the Los Angeles area a chemstry of air and sun-
light gives rise to toxic gases known as photochem cal oxidants. These,
together with carbon monoxide, Sslphur dioxide, nitrogen oxide, hydrocar-
bons, al dehydes, and ketones, nake up the haze, account for its aromm, and
may inpair human heal th.

Environnental standards |ike those in Table B. 1
attenpt to protect the public. \Wen the concentration of any pollutant
exceeds the standard, acute, short term irritating synptonms may be noticed
These acute effects, such as chest tightness, eye irritation, slowng of
response tine, and attention loss, are not experienced by everyone, but
people with pre-existing heart condition and |ung disease are particularly
vul nerabl e.

In addition to acute health effects, chronic effects of long term
exposure to |ow and average |evels of the oxides, aerosols, particulate
and other elements of the haze are a particularly challenging question.
Does air pollution cause influenza sonetinmes, or does it nmerely make it
more of a problen? Links between oxides of nitrogen and cancer have been
investigated. Finally, it is possible that years of continuing exposure
could have some influence on total |ifespan.
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The Mjor Pollutants
Car bon Nbnoxi de

The major sources of carbon nonoxide pollution are autonobiles, trucks
buses, and, to the habitual smoker, cigarettes. Peak hourly readings of
carbon nonoxide from 1963 to 1970 averaged 10.8 ppn* in the Los Angeles
area, and exposure in the California Central Valley was about half this
figure for the same period. [11]

Carbon nonoxide has a very direct effect on the human body. Entering
the lungs, it diffuses into the blood, where it is absorbed by red bl ood
cells and displaces and conpetes with oxygen. Carbon nonoxi de reduces the
oxygen carrying capacity of the blood. Low concentrations cause tiredness
and |istlessness.

The heart is doubly affected. Its oxygen supply is reduced, but at the
sane time it nust exert nore effort to increase its output if body oxygen
transport is to be maintained. And so, at relatively |ow concentrations of
carbon nonoxi de (10-50 ppm for one hour exposure), [19] patients with heart
di sease may experience adverse effects

During heavy nuscular exercise, the oxygen consunption rate of the
body increases to as nmuch as 20 times the rest rate. Consequently, carbon
nonoxi de exposure reduces maxi mum exercise performance

In controlled experinents with humans, researchers have projected the
maxi mum | evel s and exposure times shown in Table B.2. Normal healthy
individuals are unlikely to experience any of the above effects until the
threshold concentration is 21-72.5 ppm [19] Individuals with enphysena
bronchitis, and asthma are nmore sensitive, perhaps experiencing effects at
17.5-52.5 ppm and heart patients are extremely sensitive to carbon
monoxi de, as noted above. [19] Al these effects are acute, occurring at
high concentrations. The efféects of exposure over long periods to | ow
carbon nonoxide levels are not known at this tine.

Sul phur Di oxi de

Los Angel es has not had a deadly pollution episode such as those
observed in Belgium Donora, Pennsylvania; London; or New York, but an
ingredient of Los Angeles air pollution, sulphur dioxide, is held respon-
sible for high death tolls in these places

A well known air pollution episode occurred Decenber 1-5, 1930 when

several hundred persons becane ill in the Meuse Valley, Belgium  There
were 63 deaths. It was estinmated that sul phur dioxide and sul phuric acid,
which may have reached a level of 9 ppm were the chief causes of illness.[30]

*ppm denotes the nunber of pounds of pollutant for each mllion pounds
of air.
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During late Cctober, 1945, Donora, Pennsylvania, was blanketed by dense fog
Forty-three percent of the population was affected. Twenty persons died.
Ten percent of the residents were severely affected. Again, sulphur

di oxi de was held to be responsible.[30]

In London, England during December, 1952, the world s worst air pol-
lution incident occurred, causing about 4,000 nmore deaths than would be
expected in the Geater London Area for a nonth's period. Marked increases
in deaths both from lung and heart disease were observed. Detailed investi-
gations of 1,280 post-nortem reports of persons who had died before, during
or shortly after the episode indicated all such fatalities could be explained
by previous health problens among the victins. The elderly and persons with
already existing lung and heart disease were nost susceptible. During this
time in London, daily sul phur dioxide and snoke neasurements were from two
to four times higher than typical winter levels. [30]

Sul phur dioxide, as is well known, has an odor. It is readily soluble
in water and, when breathed, is absorbed quickly in the upper airways of the
nose. In Table B.3 are recorded |aboratory observations of throat and |ung
effects from sul phur oxides. In air with small dust particles, sulphur
dioxide is partially converted into sulphuric acid, which may be a severe
problemof its own. The Los Angeles area currently has relatively |ow
| evel s of sul phur dioxide.

Phot ochem cal Oxi dants

Along with carbon rmonoxide, gasoline engines produce nitric oxide*
and hydrocarbons.  Secondary products of these enissions, photochenical
oxidants - ozone, nitrogen dioxide, and peroxyacetylnitrate (PAN), nay be
nmore toxic than the original conpounds

Early norning car traffic produces exhaust with large quantities of
nitric oxide and hydrocarbons. In the presence of sunlight these products
react, converting nitric oxide into nitrogen dioxide but low nitric oxide
level s.  Then nitrogen dioxide breaks down into ozone during the afternoon.
Late afternoon autonobile traffic again enits large amounts of nitric
oxi de, which reacts with ozone, removing nost of the ozone.

Ozone is anong the nost poisonous of gases. Relatively insoluble in
wat er, when inhaled, ozone can damage the central airways and other pas-
sages of the |ung.

Health studies of certain occupations have provided understanding of
the effects of exposure to oxidants. A 51 year old welder who was working
in a poorly ventilated area, developed a kind of pneurmonia which lasted
for six days.[9] A crane operator working above a tank into which ozone
was bubbl ed devel oped a dry cough and frontal headache after two hours

*Nitric oxide is also a byproduct of natural gas conbustion and the
processing of nitric acid industrially.
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Table B.1

Pollution Levels and Standards
(Parts Per MIlion)**

Car bon Ni trogen Sul phur
Qzone Monoxi de D oxi de Di oxi de

Nat i onal
Standard for

one hour )
exposur e 0.03 40.0 0.25 0.50

Average peak

hourly Ievel

in Lennox,

1973-75 0.04 12.1 0.99 0.06

Average peak

hourly Ievel

in Costa Mesa

Har bor,

1973-75 0. 05 3.6 0.07 0.03

Average peak
hourly |evel
i n_Pasadena,
1973-75 0.11 9.53 0.13 0.03

Source:  Three Year Sunmary of California Air Quality Data: 1973-1975,

Air Analysis Branch and EDP Managenent Section (January 1977),
State of California Air Resources Board.

*State of California hourly standard.

**Parts per mllion denotes the nunber of pounds of pollutant found
inamllion pounds of air.
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Table B.2

Carbon Monoxi de Effects 2
(National Standard: 40 parts per

mllion/one hour exposure)
Concentration ppm Exposure Tine Effects
Acute Effects
50 2 hours Shortened average tine to
a heart attack anong
I ndi vi duatl)s with heart
di sease
53 1.5 hours Shortened average tinme to
a heart attack anong
individuals with heart
di sease.
100 0.51to0 2 Loss of physical and
hour s mental coordination anmong
heal t hy subjects.
500 1 hour MIld to throbbing headache
anong heal t hy subj ects.©
1,000 - - Vomiting, unconsciousness

and death anong heal t hy
subj ect s.

a
Sour ces: Leung, Coldstein and Dal key, Einal Report: Human Health Danmages
from Mobile Source Air Pollution 1975 California Air Resources

Board.

b
WS. Aronow and MW Isbell,

Exer ci se-Induced Angina Pectoris,
392- 395.

(1973),

c
J. Koch-Weser,

| nt er nal

“Common  Poi sons,”
Medicine, Ch. 166 (1970),
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"Carbon Monoxide Effect on
" Annals of Internal Medicine 79

in Harrison (ed.), Principles of
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Table B.3

Sul phur Dioxide Effects

(National Standard: .5 parts per
mllion/one hour exposure)

Concentration ppm Exposure Tine Effects

Acute Effects

1 0.5 hour Choki ng sensation in some
i ndi vi dual s.
5 3-10 About 80% of healthy
m nut es individuals will have

difficulty in breathing.

5-10 T Deep gasping feeling,
severe choking in some
i ndi vi dual s.

Source: National Pollution Control Adnministration, Air Quality for
Sul phur_Di oxi des, 1969, U.S. Departnent of Health, Education
and \Welfare, Public Health Service, Consumer Protection and
Environnental Health Service.
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exposure. In attenpting to leave the crane, the enployee nearly |ost
consciousness.  After adnministration of oxygen, he inproved, and 48 hours
| ater showed no adverse synptoms. [11]

Qther studies have confirmed these effects. A long term study over
the period Cctober, 1961, to June, 1964, recorded daily symptons in student
nurses in good health from two Los Angeles nursing schools. The nurses
kept diaries for 868 days on appearance of cough, chest disconfort, and
headaches. For the sane period hourly peak concentrations of photochem cal
oxidants, carbon nonoxide, and daily tenperature were neasured at stations
within two mles of the schools

Cough and chest disconfort increased with higher hourly concentrations
of ozone. Headaches had some association with ozone |evels but |ess than
other synptonms. Eye disconfort, not a direct effect of ozone, although
often associated with photochenical oxidants, was the nost strongly noted
symptom  \When the oxidant |evel reached 0.5 ppm a third of the nurses
reported eye irritation. Tenperature, carbon nonoxide, and nitrogen
dioxide levels did not explain the results found. Because all participants
were young, healthy adults, relatively free from chronic disease, the
effects on elderly persons or on those with chronic heart or lung disease
coul d be expected to be nore severe. [22]

During the period 1963-1970 peak hourly readings of oxidants averaged
.104 ppmin the Los Angeles area, and again readings in the California
Central Valley were about half this figure. [19]

According to a panel of experts

“the oxidant threshold in normal individuals ranges from 0.05 to
0.20 ppm  The threshold concentration is |owered anong young

and old individuals, and also those with underlying disease. Those
with respiratory and chronic obstructive diseases are nost sen-
sitive to the photochem cal oxidants, and the threshold |evels

for these population groups range from O to 0.20 ppm” [19]

In addition to disconfort and aggravation of existing lung disorders,
ozone and other photochem cals can cause changes in behavior. Autonobile
acci dents, for exanple, were recorded in each daylight hour of each weekday
in the “high snog” nonths of August through Novenber for two years. A
relationship between Los Angel es oxidant concentrations and the nunber of
car accidents was found. [ 22 1 Attention span and visual performance were
reduced. Lethargy is reported as well as difficulty concentrating. [1§]

Because lung function is inpaired, evidence suggests photochemn ca
snog increases individual vulnerability to acute throat or lung infections.
Studies with experimental animal populations have reported changes in the
makeup and working of the lung as well as lung-tumor acceleration. [25]
\Wet her ozone is a cancer causing agent is currently an inportant topic
for research. Human white blood cells exposed to ozone exhibited chronmsome

breakage and genetic abnormelity. [12] In Table B.4 a summary of ozone
effects is given.
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Table B. 4

Sunmary of Experimental Data on Ozone Effects®

(National Standard: .08 parts per
mllion/one hour exposure)

Concentration ppm Exposure Tine Effects

Acute Effects

0.15-0.30 o Eye irritation due to some
phot ochem cal products.

0.37-9.70 2 hours Cough, nose and upper
throat irritation, chest
soreness, chest tightness,
synptoms nmade worse by
exerci se, headache in 50%
of normal subjects.

0.25 -- Less than 6% of asthmatics
may have attacks when this
| evel is reached.

0.5 - Formation of fluid in the
| ungs anmong heal t hy
subj ects.
0.8-1.7 - Lung congesti on.
1.0-2.0 .- I ncapacitating illness

among normal subjects.

a . .
Sour ces: Leung, Coldstein and Dal key, Final Report: Human Health Danages

from Mobile Source Air Pollution, 1975 _ California Air
Resources Board.

bG E. Schoettlin and E. Landau, “Air Pollution and Asthnmatic
Attacks in the LA Area,” Public Health Report 76 (1961),
545-548.
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Nitrogen dioxide, a by-product of auto em ssions, has effects simlar
to ozone but at higher levels of concentration. Originally, exposure to
nitrogen dioxide was known as “silo-filler’s syndrone,” since extrenely
hi gh concentrations of nitric oxide and nitrogen dioxi de are generated
within farm silos. Docunmented deaths froma kind of pneunonia and acute
throat and lung ailnments were traced to this type of exposure.

Li ke ozone, nitrogen dioxide's low water volubility allows it to
penetrate deeply into the lung, where it damages tissue. At |ow concen-
trations, it inpairs breathing. At higher levels it increases the risk
of an individual having a throat or lung ailnment. At 25-100 ppm it causes
acute (but quickly renedied) synptoms of pneunmonia and bronchitis.

A study of the environmental health effects of nitrogen dioxide was
conducted in four residential areas, each containing three elenentary
schools, in greater Chattanooga, Tennessee. One area, close to a large
TNT plant (which processes nitric acid), had high nitrogen dioxide and | ow
particul ate exposure. Another area had high suspended particul ate and | ow
nitrogen dioxide concentrations. The other two areas were “clean” and
used for conparisons. Careful nonitoring of particulate matter, nitrates,
sul phates, and gaseous nitrogen dioxide concentrations was conducted in
1968 and 1969 in these four areas.

Two possible health effects of nitrogen dioxide exposure were investi-
gated: (1) difficulty breathing in elementary school children; and (2)
increased frequence of respiratory illness in famly groups. |t was
establ i shed that second grade school children in the high nitrogen dioxide
area were consistently higher than those in the two control areas during
the study period. However, the researchers could not establish a relation-
ship between chronic bronchitis and the levels of nitrogen dioxide. [26]

In the period 1963-1970, nitrogen dioxide levels in the Los Angeles
Area averaged .28 ppmand therefore constituted a potential health hazard
given the estimates of effects in Table B.5

The air pollution health problemof the Los Angeles Area is far nore
conpl ex than brief accounts of the hazards of carbon monoxide, sul phur dioxide,
and two photochenical oxidants can indicate. For one thing, literally hun-
dreds of hydrocarbon conpounds are present in the Los Angeles air, each with
its own characteristics and products. A group of secondary organic aerosols
may be responsible for adverse health effects and undoubtedly contribute to
visibility loss. Little, however, is known of the mechanism and health inpact
of these conpounds.

However, there is evidence that the pollutants discussed have health
effects at levels experienced within Los Angeles and other urban areas.
These pollutants cause irritation and stress within the lungs and heart.

Acute effects range from eye, nose, and throat irritation, headache
chest tightness, difficulty in breathing to the aggravation of bronchitis,
asthma, enphysema, other l'ung ailnents and heart disease. A relationship
bet ween epi sodes of sul phur dioxide and particulate pollution and increased
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Table B. 5

a
Nitrogen Dioxide Effects

(National Standard: .05 parts per
mllion/one hour exposure)

Concentration ppm Exposure Tine Effects

Acute Effects

0.7-2.0 10 m nutes Difficulty expelling air
from the lungs increased
by 15% and difficulty
breathing air into the
| ungs increased by 50% in
normal subjects.

4-5 10 mnutes Hal f hour after exposure,
difficulty breathing,
increased by 77% to 92%

4-5 1 hour Decrease in oxygen in the
bl ood.
6- 40 5 mnutes Increased difficulty

breathing by 24% in
normal subjects.

greater than 1 hour or Bronchiolitis and pngum)nitis
25 | ess in normal subjects.

150- 200 " Disintegration of the |ung. ¢
greater than - Lung fluid formation and

200 deat h.

Sources: O Leung, Goldstein and Dalkey, Final Report: _Humen Heal th Dameges
from Mbile Source Air Pollution, 1975, California Air Resources
Boar d.

bD. V. Bates, “Air Pollution and the Human Lung,” Anerican Review of
Respiratory Disorders 105 (1972), 1-13.

c . . :

H E Stokinger and D.L. Cottin, “Biologic Effects of Air Pollutants,"
in AC Stern, cd., Air Pollution and Its Effects, Ch. 13,

New York: Academ c Press (1968), 445-546.
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death rates is accepted. The chronic effects of photochem cal oxidants

| ower general resistance to infections of the respiratory tract and |ung
since they cause damage to the lung. Behavioral changes associated wth
carbon nonoxi de, ozone, and nitrogen dioxide have been documented. Activity
levels are depressed and overall work ability is inpaired through visual and
chemcal intervention,

These air pollutants may al so shorten the |ifespan by aggravating

existing health problenms, particularly those problems associated with the
respiratory tract.
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APPENDI X C
The followng tables have the follow ng underlying assunptions.

1. The mean bids within each area are differentiated with respect to
the sequence that the air quality effects are presented, i.e., whether those
effects are Introduced in “Aesthetic ® Acute Health ® Chronic Health” or
“Acute Health ® Chronic Health ® Aesthetic” order. In the graphs, “Ae”
denotes the nean bid for aesthetic effects; “Ac” denotes the nean bid for

acute health effects; and “Ch” denotes the mean bid for chronic health
effects

2. The nean bids within each “A" area are differentiated with respect
to the range of the hypothetical inprovement, i.e., whether the inprovement
is fromAto Bor fromAto C  Since there is only one range of inprovenment
for the “B" and the “C' areas, i.e., fromBonly to C and fromC only to C,
no such differentiation is made for these areas.

Taking into consideration the variations in (I), each A area requires
four different graphs, and each B* and C area requires two different graphs

A denotes poor air quality
B denotes fair air quality
C denotes good air quality

3. The nean bids within each area are differentiated with respect to
the proposed conpletion date of cleanup; i.e., 2 years versus 10 years.

4. The bids from each respondent are obtained as follows: First, his
maxi num bid is elicited following a certain hypothetical inprovenent in the
aesthetic (acute health) effects of air quality. Second, he is asked how
much he woul d increase his bid if the acute health (chronic health) effects
are also taken into consideration. Finally, he is asked to revise his bid
for the additional inclusion of the chronic health (aesthetic) effects

The inmplicit assunption throughout this procedure is the linear addi-
tivity of bids for each effect.

No differentiation has been nmade whether a health panphl et has or has
not been sent to the respondent in advance of the interview.

No differentiation has been made with respect to the different proposed
vehicles for the collection of bids.

No differentiation has been made with respect to the different starting
bids offered by the interviewer.

No differentiation has been nade whether a life table has or has not
been shown to the respondent during the interview A life table depicts
the “stock” counterparts of the elicited nonthly bids for various expected
|'ifespans,
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Table C 1

Mean Total Bid
($/ month)

Type |1
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($/ month)
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Table C.1
(continued)

Mean Aesthetic Bid Mean Acute Health Bid Mean Chranic Health Bid Meap, Total  Bid
(if\/ mont h% (%ynnnlm Eg/ |rrt)ntl-rkle) | F*E/ rmn%)

Area Type | Type 11 Type | Type | Type | Type |1 Type | Type 11
Pal 0s Verdes 4,31 0.50 2.19 17.75 1.75 0.50 8.25 18.75
C®C 2.10 .50 1.29 10. 96 .18 0.50 Al 10.48
e 7 (i SR G i JIK i i Sk
Redondo Beach 6.29 4.29 4.86 5.29 0.00 4.43 11,14 24.00
C® C .39 4.29 2,13 1,85 00 2,94 7 11,12
( ) (?7) ) ((7) ) ((7) ) %(7) ) (?7) ) ((71 ) (?79) ( ](7%)
. *The inplicit assunption in this table has been that of strict additivity of bids for each air,gu,ality effect. |n obtaining the mean
bids, differentiatjon has been made with respect to: }_2 the completion date of cleanup; (2) the hiadi nq sequence. In “Type 1" questionnaires,
the air quality effects are introduced in “Aesthetic ® Acute Health ® Chronic Heang”,order. In “Type I1" questionnaires, ‘the air quality

a

(
C
effects are introduced in “Acute Health ® Chronic Health ® Aesthetic” order. In obtaining the mean’bids, no differentiation has been mde
wth respect to: (1) different proposed vehicles for the colTection of bids; (2) whether a health pamphlet has or has not been sent to the
resPondent, in advance of the interview and (3) whether a life table has or has not been shown to the respondent during the Interview. Alife
table depicts the “stock” counterparts of the elicited nonthly bids for various expected Iifespans.

**The notation in parentheses represents the change in air quality for which the respondents are bidding. For example, (A ® B) denotes
that the respondent is bidding to change air quality frompoor to fair, (B ® C) denotes that the respondent is bidd| ng to change air quality
fromfair to good, and (C ® C*) denotes that the fespondent is bidding to change air quality to good across the entiré region.

***Standard error of the mean bid in all cases.
**exSanple size of each case in all cases.
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Table C.2
Mean Bids by Area by Type*

(Completion Date of O eanup:” 10 yrs.)
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Table C.2

(continued)
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Table C2
(continued)

Mean Aesthetic Bid Mean Acute Health Bid Mean Chronic Health Bid Mean Total Bid
($/ nont h) (§/ nont h) ($/ nont h) ($/ nont h)
Area Type | Type |1 Type | Type |1 Type | Type 11 Type | Type 11

P%ci fic  Palisades 7.40 4,29 3 60 5.11 139.20 2.86 60. 20 22.86
& & 191 75 8) £ 87 30 19 0 1 Vit
( ) ((5] ) ((7] ) ?5] %(7] ) ( (5) ) ((7) ) %%5%) (M)
Pal os Ver des 7 29 2.00 7 7 22.50 1. 14 5.50 16. 14 30.00
(8 ® ) 38) 22 15) 1) 0.71 86 01 10,21
%7) (%4) ) ?7) (?4) ((7] ) (?4] ) (?7) ) ( (4))
Red n%p Beach 0 64 1.00 9 57 3.30 4.14 4. 80 34. 36 9,10
(8& ) 1) N 88) 1.76 2.26 01 14.35 B
(B ok () (Y (1,79 o iR W

*The inplicit assumption in this table has been that of strict additivity of bids for each air quality effect. [n obtaini ng the mean

In “Type 1° questionnaires,

bids, differentiation has been rmde with respect to: 1& the co Iet|o date of C|eanuP the bi ddi nq sequence.
the air quality effects are introduced in *Aesthetic ® Acute He ronic Health” order. “Type 11" questionnaires, ‘the air quality
effects are infroduced in “Acute Health + Chronic Health ® Aesthet|c order In obtaining the nean bids, no djfferentjation has been made with

respect to: different d vehicles for the collection of bids; (2) whether a health pamphlet has or has not been sent to_ the
res?ondem in a&vanlce e(gen grogosé(re\” gv(\er ICan% (3) Wne her a life table has c(lr)has not been shownp rcT)pthe respondent during the interview A life

table depicts the “stock” counterparts of the elicited monthly bids for various expected Ilfespans

**The notation in parentheses represents the change in air quality for which the respondents are bidding. For exanmple, (A ® B) denotes
that the respondent is hiddi n%to change air quality from poor to fair, &B ® () deno tes that the respondence is bidding to change air quality
fromfair to good, and (C ® denot®s that ‘the respondent is hidding to change air quality to goo(f across the entire region.

*¥¥Standard error of the mean bid in all cases.

**¥¥Sample size of each case in all cases.
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APPENDI X D

Prelimnary Regression Relationships, for Selected Variables
on the South Coast Experiment

[ ntroducti on

The following Tables present a very prelimnary set of regression
results on examning the raw data for bid relationships in the South Coast
Air Basin. These data sets nust be viewed as a prelininary set to give the
researchers further guidelines on how to statistically analyze the data set.
They are not meant to be viewed as definitive in either a conputational or
final set sense. However, they should indicate to other researchers the
degree of variation in both the estimates and the sets of relationships
hypot hesi zed for conputation. It is anticipated that it will take a |east
four to five nonths for all such relationships to be adequately statisti-
cally analyzed.

Table D-1 contains a prelimnary set of regression equations across all
areas and bid types. Aesthetic, acute and chronic health bids, along with a
total bid, were regressed against various variables of possible interest.

One of these variables was the interviewer, to find out whether a detectable
bias mght exist in ternms of the interview selected. In nost instances, no
interviewer bias was discovered; however, for the acute health bid, chronic
health bid, total bid, when related to a small number of variables, there
was an indication of a detectable interviewer bias. The researchers wll
continue to explore this possibility to discover whether, in fact, such a
bias is present and how it mght be removed fromfurther statistical com
putations. A further test was to exam ne whether years of education in some
significant way influenced the amount of the bid. In no circumstances was

a significant relationship (at the 95% Il evel of confidence) discovered. A
third possible premse was that the duration of years lived in Los Angeles
woul d influence the bid. The results here are nixed, although in alnost all
circunstances, statistically nonsignificant. Both positive and negative
effects of years living in Los Angeles was discovered. Finally, as a genera
variable to examne, individuals who had read the health panphlet and those
who had not were examned. Again, the results were mxed. However, in each
circunstance, those who had read the health panphlet tended to bid signifi-
cantly higher (at the 95% level) than those who had not. Alternatively, the
bids on aesthetic and chronic health effects appeared to not be related in
any reasonable way to whether the individuals had, in fact, had access to
additional information on health effects

Dummry variables were inserted for each of the locational sites of the
experiment. In alnmost all circumstances, with a few exceptions, the site-
specific dummy variables were nonsignificant, indicating at least in a
prelimnary way that site-specificity would not significantly influence the
bid. The pollution variable in every circunstance but one was insignificant
at the 95% level of confidence. This would be anticipated on the basis of
the conceptual research reported in Chapter 2. That is, when one nets out
all the effects on the various bids with the exception of pollution, inclusive
of income, then the pollution variable itself may or may not be statistically
significant. For exanple, if preferences are nonhonogeneous and nonidenti cal
we could presunme that those willing to pay a higher price for clean air
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TABLE D-2
PRELIMINARY REGRESSION EQUATIONS FOR THE ACGREGATED ™A™ AND "B" AREAS

Ly L

Dependent Inde ende;t Variables )
Variable Constant LA HP Y AP AP Yar LLA LHP Ly LaP N R SE
Aesthetic Bid 8.682 |-5.66E-2 0.662 | -5.58E-5 0.145 75 0.02 10.385
(B.769E-2) (1.161) | (6.79E-5) (0.600)
Acute Health 3.327 }-2.47E-2 1.166 1.49E~4 -0.442 75 0.12 8.986
Bid (7.59€-2) { (1.005) | (5.87E-5)) (0.518) )
Chronic Health { -0.896 {-8.12E-2 2,745 1.34E-4 1.231 75 0.10 13.112
Bid (0.111) (1.466) § (8.57E=5){ (0.757)
Total Bid 11.112 ]-0.162 4.573 2.27E-4 0.934 75 0.11 1%.698
{0.166) (2.203) } (1.29e-4)} (1.136)
Aesthetic Bid 5.153 5.953 | -0.562 | -9.53E-6 75 0.00 10.400
(21.245) | (2.110) | (2.31E-5)
Acute Health 11.943 -21.849 2.088 2,53E-8 75 0.05 9.311
Bid (19.020) | (1.889) | (2.07E~5)
Chronic Health 0.205 13.246 | -1.404 7.06E-5 75 0.09 13.061
Bid (26.681) | (2.650) § (2.90E-5)
Total Bid 17.301 -2.650 0.123 6.11E-5 75 0.02 20.392
(41.657) | (4.138) | (4.52E-5)
log. (Aesthetic 3.475 -0.283 }-4.72E-2| -0.159 | 7.70E-2 75 0.06 1.271
Bid) (0.186) ] (0.390) (0.110) 0.155)
log (Acute 0.387 ~0.248 0.191 0.152 }2.33E-2 75 0.07 1.227
Health Bid) (0.179) [(0.377) {0.107) {(0.150) )
log (Chronic 1.597 -0.143 0.387 ~5.48E-2 8.82E-2 75 0.03 1.153
Health Bid) (0.168) |(0.354) (0.100) {(0.141)
log (Total B1d)| 3.447 -0.283 0.223 -4,11E-3 5.25E-2 175 0.04 1.275
(0.186) | (0.391) (0.111) }70.156)

! Independent variables:
A

« Years lived ia L.A. Values in parentheses are cosificlent standard errors

. (B-n 9 107" 1.e, E-2 4 10" %)

HP = Amount of health pamplet read
Y = Income <
N Observations are aggregated without any differentiation vith
::2 : g::nﬁeléntzollu:ion :EVel. i.e. 8xo, respect to 1) Bidding sequence, 2) Starting bid, 3) Vehicle
a mes the change in the squ-red2 2 used, '4) Health pamphlet vs. no health pamphlet, 5) Life
values of pollution levels, f.e. 1/2(P5-P%) table vs. no 1ife table ’
YiP = Income times the change in pollution levil | 4 : :
LLA = 1log (Years lived in L.A.)
LHP = 1lcg (Armount of health pamphlet read) Bide for each air quality effect are assumed to be strictly separabla
LY = log (Inccme)
LiP = log (Change in pollution level)

-0-

%, * Number of cases
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TABLE D-3

PRELIMINARY RECRESSION EQUATIONS FOR THE PATRED AREAs®® D* € 9

(NEWPORT BEACH-PACIFIC PALISADES)

Independent Variable
Dependent 2
Variable Constant LA Hp Y AP LLA LHP LY LAP N R SE

Aesthetic Bid -49.578 0.728 13.773 7.89E-4 | -41.709 13 0.65 19.466
' (0.735) (4.884) | (2.94E-4) | (26.624)

Acute Health Bid -30.484 0.451 13.777 5.713 ~44.660 13 0.57 21.512.
(0.812) (5.397) { (3.25E-4)| (29.421)

Chronic Health Bid;179.120 ~5.765 -26.756 } -1,12E-4 24.615 13 0.22 | 142.720
(5.386) | (35.810) | (2.15E-3){(195.197)

Total Bid 99.057 -4.586 0.794 1.258-3 | -61.754 13 0.27 | 154.672

(5.837)] (38.808) | (2.33E-3)|(211.543)

log (Aesthetic
Bid) ~21.328 0.155 0.795 2.067 3.965
(0.861) | (0.856) | (1.146) (2.626)

13 0.54 1,235

log (Acute Health
Bid) -5.907 -0.118 | 1.144 | 0.798 5.468
(-6.06E-2{ (0.632) | (0.847) | (1.940)

13 0.66 0.912

log (Chronic

Health Bid) 0.184 -1.657 |-0.5%0 0.624 -0.164 13 0.43 1.812
(1.263) [(1.256) | (1.682) (3.854)
log (Total Bid) -3.303 ~0.956 0.263 0.846 3.376 13 0.57 1.293

(0.902) |(0.896) | (1.201) (2.750)

. Independent variables: b Values in parentlieses are cog;ficien: standard errors
(E-n 9 10°"; i.e. E-2 % 107°)

LA = Years lived in L.A.

"; : ::22:: of health pamphlet read ¢ Observations are aggregated without any differentiation with

2 respect to 1) Bidding sequence, 2) Starting bid, 3) Vehicle

P = Change in pollution level, i.e. ANO2 used, 4) Health pamphlet vs. no health pamphlet, 5) Life table

LLA = log (Years lived in L.A.) ve. no life table)

LHP = log (Arount of health pamphlet read) 8.

LY = 1log (Income) 4

LLP =. log (Change in pollution level) Bids for each air quality effect are assumed to be strictly separabla
-0~

"2 Nuober of cases
R® = Goodness of fit
SE = Standard of error regression
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TABLE D-4

PRELIMINARY REGRESSTON ENUATIONS POR TME PAIRED AREAS®* b, ¢, d
(IRVINE-PALOS VERDES)
Dependent Indep: Variables
Variable Constant LA HP Y AP LLA LHP LY LAP N Rz SE
. '
Aestheric Bid 1,086 ~8.48E-2 0.457 1.01E-4 2,661 26 0.15 4,446
(6.58E-2)} (1.014) | (9.65E-5)] (3.231) .
Acute Health Bid 6.420 0.187 3.055 | -2,48E-5| -3.591 26 0.08 12.900
(0.191) (2.942) | (2.80E-4)] (9.375)
Chronic Health Bid 0.332 -1,29E-2 0.197 3.13E-5 2,252 26 0.04 3.828
(5.678-2)] (0.873) | (8.31B-5)] (2.782)
Total Bid 7.838 8.90E~2 3.708 1.071 1.322 26 0.07 13.603
(0.201) €3.102) | (2.958-4)] (9.886)
Log (Aesthetic Bid) -8.095 -0.340 0.145 0.940 -0.517 26 0:22 1.083
(0.205) |(0.688){ (0.602); (1.186)
Log (Acute Health Bid)]| -1.046 -4.48E-2¢ 0.516 0.265 0.330 26 0.04 1.295
(0.245) [(0.823)] (0.720)| (1.4i8)
Log (Chronic Health -4.534 -0.132 0.448 0.505 -0.506 ! 244 0.13 0.852
Bid) (0.161) }{(0.541)[ (0.473); (0.933)
Log (Total Bid) -6.527 -4.99E-2| 0.468 0.862 ~0.205 26 0.16 0.965
(0.183) }(0.613); (0.536)] (1.057)

. Independent variables:

LA = Years lived in L.A.

HP = Amount of health pamphlet read

Y = Income

&P = Change in pollution level, i.e. Aloz
LLA = log (Years lived in L.A.)

LHP = log (Awount of health pamphlet read)
LY = 1log (Income)

LiP = log (Change in pollution level)

“2 = Number of cases
R” = Goodness of fit

SE + Standard of error regression

b Values in parentheses are cos{flclent standard errors
(E-a 310 "; i.e. E-2 »107°)

€ Observations are aggregated without any differenciation with
respect to 1) Bidding sequence, 2) Starting bid, 3) Vehicle
used, 4) Health pamphlet vs. no health pamphlet, 5) Life table
vs, no life table)

d Bids for each air quality effect are assumed to be strictly separadle
’
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TABLE D-5°

PRELIMINARY REGRESSION EQUATIONS FOR THE PAIRED AREAS™’ b, <, d

(LA CANADA-ENCINO)

Independent Variables
Dependent 2 2
Variable -Constant LA HP Y AP AP Yap LLA LHP Ly LaP N R SE
Aesthetic Bid 19.224 | -0.225 «3.122 | ~1.72B-4 0.977 22 0.19 13.241
(0.229) (2.838)] (1.14E~4)] (1.298)
Acute Health 2,220 | -3.70E-2 3.066 2,37E-4 -1.581 22 0.42 9.559
Bid (0.165) (2.049)| (8.26E-5)1 (0,937)
Chronic Health] -4,03E-2) -0,280 6.971 1.30E-4 3.005 22 0.24 21.514
Bid (0.372) (4.611) | (1.86E-4) (2.109)
Total Bid 21.384 } -0.542 6.915 1,954 2.401 22 0.23 24.292
(0.420) (5.207)} (2.10E-4){| (2.382)
Aesthetic Bid 12,099 +30.489 3,257 | -5.62E-5 22 0.10 13.574
(48.614) }(4.872){ (4.27E-5)
Acute Health 6.569 24,025 §-2.589 1,94E-5 22 0.12 11.375
Bid (40,736) [(4.083)} (3.58E-5) .
Chronic Health| -5.559 29,340 §-2.711 5.30E-5 22 0.13 22.435
Bid (80,346) |(8,053) } (7.05E-5) e
Total Bid 13.101 22,877 [-2,103 1,62E-5 22 0.04 26.279
(94.111) §(9.433)} (8.26E-5)
log {(Aesthetic 5.589 -0.640 | -1,249 -0.246 | 0.246 22 0.29 1.323
Bid) (0.582)§{ (0.759) (0.126) {(0.287)
log (Acute 0.770 -0.408 0,717 0.171 }[0.247 22 0.20 1.300
Health B1d) (0.572)1 (0.745) (0.124) ](0.282)
log (Chronic 4,477 -0,732 0.413 +~0.160 0.486 22 0.20 1.432
Health Bid) (0.632)} (0.824) (0.137) {(0.312)
log (Total Bid 6.322 ~0.910 0.335 -0.113 | 0.184 22 0.13 1.547
(0.681)} (0.887) (0.147) 1(0.336)
‘ Independent variables: b Values in parentheses are coe errors

= Years lived in L.A.

HP = Amount of health pamplet read
Y = Inconme
APz = Change in pollution level, i.e. ANO.
LPT = One half times the change in the .quaredz 2
values of pollution levels, i.e. 1/2(P;-P{)
YAP = Income times the change in pollutioa lav&l i
LLA = 1log (Years lived in L.A.)
LHP = 1log (Amount of health pamphlet read)
LY = 1log (Income)
L:P = 1log (Change in pollution level)
-0~
Nz = Nuaber of cases

R = Goudness of fit .
SE = Standard error of regression

(E-n 10™"; f.e, E-2 # 10

¢ Observations are aggregated without any Jifferentistion with
respect to 1) Bidding sequence, 2) Starting bid, 3) Vehicle

£f1clent standard
)

uged, 4) Health pamphlet vs. no health pamphlet, 5) Life
table vs. no life table.

d

Bids for each air quality effect are assumed to be strictly separabla
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PRELIMINARY REGRESSION EQUATIONS FOR THE PAIRED AREAS

TABLE D-6

a, b, ¢, d

(HUNTINGTON BEACH-REDONDO BEACH)

Independent Variables
Dependent 2
Variable Constant LA HP Y AP LLA LHP iy Lap N R SE
+  Aesthetic Bid -11.181 0.201 1.377 5.34E-4 7.166 23 0.24 16.054
) (0.367) (2.992) | (3.79E-4) |(11,066)
? Acute Health Bid -8.864 0.171 -1.180 5.47E-4 0.764 23 0.17 13.365
B {0.305) (2.491) | (3.15E-4)] (9.212)
;  Chronic Health Bid -2.539 0.120 0.284 1.30E-4 9.297 23 0.14 10,380
(0.237) (1.934) | (2.45E-4)| (7.155)
!
y  Total Bid ~22.584 0.491 0.480 1.21B-3 | 15.700 23 0.25 30.804
; (0.704) (5.741) } (7.27E-4)(21.233)
: log (Aesthetic Bid) ~8.499 0.330 |-3.34E-2] 0.851 -1.678 23 0.20 1.522
\ : (0.685) [ (0.749) i(0.618) (1.578)
. log (Acute Realth Bid) -B.424 0.793 |-0.671 0.724 ~1.096 23 0.18 1.316
: . (0.592) 1 (0.647) [(0.534) (1.364)
i log (Chronic Health Bid)| -2.636 0.285 | 0.332 | 0.240 | ~1.077 7] 0.09 1.433
z (0.645) | (0.705) {(0.582) (1.485)
1 log (Total Bid) -8.980 0.588 |-0.308 0.932 =1.474 23 0.19 1.541
H : (0.694) | (0.758) ](0.626): (1.598)
i
! 1
® Independ fables: b :
ndependent variables: Values in parentheses ‘are cosiﬁcient standard errors
LA = Years lived {n L.A. (E-n #1075 {.e. E-2 4107°)
HP = Amount of health pawphlet read [ -
Y « Income Observations are aggregated without any differeatiation with
3P e Change in pollution level, i.e. aNO respect to 1) Bidding sequence, 2) Starting bid, 3) Vehicle
LLA = log (Years lived in L.A.) 2 used, 4) Health pamphlet vs. no health pamphlet, 5) Life table
LHP = log (Amount of health pamphlet read) vs. no life table)
LY = 1log (Income) . d
LAP = log (Change in pollution level) Bids for each air quality effect are sssumed to be strictly separable
-0-
“2 = Number of cases
R” = Goodness of fit
SE = Standard of error regression
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TABLE D-7

PRELIMINARY REGRESSION EQUATIONS FUR THE PAIRED AREAS®* b, e, d
(MONTEBELLO-CULVER CITY)

Independent Variables
Dependent 5 7 -2
Variable Constant ‘LA HP Y AP ap YAP LLA LHP LY Lar N R SE
Aesthetic Bid 14.371 |-3,40E-2| -1.277 | -2,77E-4 -0,256 14 0.30 5.139
(0,103) (2.042) | (1,52E-4) (1,042}
Acute Health Bid! 13,877 |-8,32F-2 -2.853 | -1,55E-4 -0,313 14 0.17 7.045
. (0.141) (2,800) | (2.098-4){ (1,428)
14 0,66 2,244
Chronic Health | 13.164 {-1.278-2{ -1.229 | -2.33E~4 | ~1.150 .
;?: € e (4.5E-2) { (0.892) | (6.66E-5)) (0.455)
Total Bid 41.411 }-0,130 ~5.359 | -6.65E-4 -1,719 14 0,46 9.461
(0.190) (3.760) § (2.81E-4)} (1.918)
Aesthetic Bid 2,018 17,058 {-1,532 } -7,31E-5 14 Q.18 5.256
(19.864) { (1,970)f (5.92E-S)
Actute Health 17.139 -55,831 5.574 § -3,41E-5 14 0.47 5.345
Bid (20.201) } (2.003){ (6.02E-5)
Chronic Health 6.149 -8,323 0.815 } -2,48E-5 14 0.25 3.181
Bid (12.024) { (1.192)] (3.59E-5)
Total Bid 25,306 ~47,096 4.857 § -1,32E-4 14 0.25 10,573
' (39.363) {(3.963)] (1.19e-4)
log (Aesthetic 22,984 6,11E-3| -0.701 1-2.133 }-0,294 14 0.36 1.078
Bid) (0.639) | (1.185)}(1,008)}(0,533)
log (Acute 8.958 -1,189 -2,123 {-0.423 | 0.541 14 0.36 1.120
Health Bid) (0.664) (1.232)§(1.068) 1 {0,554)
log (Chronic 19.392 -8,92E-2§ -1,349 |-1.773 }{-0.540 14 0.53 0.713
Health Bid) (0.423) |} (0.784)}(0.667)}(0.353)
log (fotal Bid) }25.998 -0,518 ~1.798 1-2.183 ]-0.159 14 0.40 1.152
{0.683) (1.266)] (1.077){(0.570)

s Independent variables:
A = Years lived in L.A.

HP
Y

Ap
AP

Yap
LLA

Ly
Lap

log (Income)

N
Rz
SE

= Amount of health pamplet read
= Income
2 " Change tn pollution level, i.e., 4ANO
= One half times the change in the sqiared 2
values of pollution levels, i.e. 1/2(P,-P})
= Income times the change'in pollution level
= log (Years lived in L.A.)
LHP = log (Amount of health pamphlet read)

log (Change in pollution level)

Number of cases
Goodness of fit

Standard error of regression

b Values 1in p.

c

Observations are aggregated without any differentiation with

respect to 1) Bidding sequence, 2) Starting bid, 3) Vehicle
used, 4) Health pamphlet vs. no health pamphlet, 5) Life

arentheses are coe
(E-n 210 '; 1.e. E-2 » 10

table vs, no life table.

d

Eficienr standard errors
)

Bids for each air quality effect are assumed to be stricctly separable



TABLE D-8

PRELIMINARY REGRESSTON EQUATIONS FOR THE PAIRED AREAS®’ b, e, d

(EL MONTF-CANOGA PARK)

L8T

Independent Variables
Dependent p—— 5 2
Variable |[Constant LA WP Y AP AP YaP LLA L.HP LY LLe N R SE
Aesthetic Bid -0.407 |-3.91E-2 [-2.365 | 3.42E-4 -0.185 12 0.3 5.070
(0.115) (2.073) [(2.05E-4) {0.736)
Acute Health -0.188 [-0.166 -2.020 | 3.97E-4 0.986 12 0.37 7.074
Bid (0.160) (2.892) [(2.87E-4) (1.027}
Chronic Health -1.046 1,61E-2 0.616 | 2.61E-5 0.242 12 0.42 1.082
Eid (2.45E-2) {(0.442) [(4.38E-S) (0.157)
Total Bid ~1.642 |-0.189 -3.769 | 7.65E-4 1.043 12 0.78 4.558
(0.103) (1.863) [(1.85E~4) (0.662)
Aesthetic Bid 2.545 1.762 1+-0.280 | 6.82E-5 12 0.22 5.043
(22.049) §(2.160) j(4,49E-5)
Acute Health 9.557 ~44.286 4,266 { 1.01E-4 12 0.53 5.725
Bid (25.030) | (2.452) {(5.10E-5)
Chronic Health -1.774 10.810 {-1.054 | 8,38E-5 . 12 0.42 0.867
Bid (3.791) [(0.371) I(7.73E-6)
Total Bid 10.328 -31.714 2,932 | 1.77E-4 12 0.81 3.948
(17.264) {(1,691) }(3.52E~5)
log (Aesthetic -5.207 -0.442 |-1.379 0.783 | -9.57E-2 12 0.32 1.083
Bid) (0.591) { (1.147) (0.503) } (0.337)
log (A:zuce -0.34 ~0.196 0.259 0.151 0.479 12 0.14 1.468
Health Bid) (0.802) ! (1.554) (0.681) } (0.456)
log (Chronic ~1.536 0.115 0.574 0.130 0.184 12 0.40 0.393
Health Bid) (0.215) ] (0.416) (0.182) | (0.122)
log (Total Bid) -4.068 ~0.706 }-0.530 0.831 0,277 12 0.51 0.785
(0.429) | (0.831) (0.364) } (0,244)
A

a
Independeat variables: b Values in parentheses are coefficient standard errors
LA = Years lived in L.A. (E-n = 107 "; 1.2, E-2 # 10°°)
HP = Amount of health pamplet read
Y = Income . € Observations are aggregated without any differentiation with
&P, = Change in pollution level, f.e. aNO respect to 1) Bidding sequence, 2) Starting bid, 3) Vehicle
4P" = One half times the change in the squared2 2 used, 4) Healta pamphlet vs. no health pamphlet, 5) Life
valucs of pollution levels, i.e. 1/2(P{-P)) table vs. no life table.
Y.P = TIncome times the change in pollutioan level 4
- LA = log (Years lived in L.A.) Bids for each air quality effect are assumed to be strictly separsble
LHP = log (Amount of health pamphlet read) :
LY = log Qncome)
L'P = log (Change in pollutfon level)

-0-
Nz Nunber of cases
R ® Goudness ot (it
SL = Standard error of regression




years lived in L. A, anount of health panphlet read, income and change in
pol lution indicating a reasonable relationship except for, perhaps, the
sign on the nunber of pages read of the health panphlet. The income var-
lable is highly significant as is the years of residence in Los Angeles.
However, only after substantial further experinentation on these pairs can

we anticipate that reasonably defensible estimtes of coefficients or
elasticities will be forthcom ng

188



Concl usi on

In this Appendix, we have attenpted to indicate the rough orders of
magni tude of variability of relationships between observed bids and some
variables of interest. As yet, the regression results have only roughly
i Ilumnated possible further zones of research. Both signs and magnitudes
seem to be highly insignificant when the data set is regressed totally.

Thus, it is anticipated that substantial additional research froma statis-
tical perspective and also incorporating well-defined theoretical hypotheses
will need to be developed for this data set to be adequately exploited. O
particular inmportance is the exam nation of bias effects and di saggregation
down to the paired conparisons. For our first estimate of the nagnitude of
bid in Los Angeles reported in Chapter 6, we selected the last equation
total bid in the prelimnary regression equations in Table D.1. Fromthe
coefficient for pollution and adjusting for the effect of the health pam
phlet on bids along with adjustnments for capital recovery factors and the
length of time to achieve clean air, the nunbers reported in Table D.1 of
Chapter 6 were obtained. The researchers believe this is only a prelimnary
estimate of the value of the average bid for Los Angeles. It is anticipated
that further research will have a highly significant inpact on ultimte
calculation of a reasonable, accurate value for citizens preferences
associated with inproved air quality.
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APPENDI X E

This appendix presents the variable list for the non-market valuation
experiment in the South Coast Air Basin.
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Variabl e

Nare Description Colum(s)  Format
WFA Wul d you move if like A everywhere (I=yes) 40 F1.0
APLV Air pollution influenced where you live (I=yes) 41 F1.0
APVK Air pollution influenced where you work (I=yes) 42 F1.0
AZLV1 Air quality where live (Good=00; Fair=0l; 43 F1.0
AQLV2 Poor =1 0) 44 F1.0
ﬁng\:((zl élégrﬂu(%l ity where work (Good=00; Fair=0l; ﬁg Eg
INAZ Are you aware of any health hazards of air

polldtion (l=yes) 47 F1.0
RESCOP Respondent cooperative (I=yes) 48 F1.0
RESEV Respondent evasive (I=yes) 49 F1.0
RESEN Respondent enthusiastic (l=yes) 50 F1.0
RESSP Respondent  suspi cious (I=yes) 51 F1.0
RESUN Respondent understanding (l=yes) 52 F1.0
RESGM Respondent playing games (l=yes) 53 F1.0
M SVAL Respondent giving true value (I=yes) 54 F1.0
PCTIN Percent work time indoors 55-57 F3.0
I NTTM Mnutes taken for formal interview 58-60 F3.0
DTI NT Date of interview (1=365) 61-63 F3.0
PSI Pol lution index by location and date 64- 66 F3.0
EQBL Cost/person/month for air cleanup if all

billed equally 67-72 F6. 0
APCLUP Total figure for cleanup of pollution

(100,000"s of dollars) 73-80 F8.0
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Card #1:

Soci oeconom ¢ Information and Enumerator Eval uation

Variabl e
Name Description Col um('s) For mat
QWM Questionnaire nunber 1-3 F3.0
CRONM Card nunber 4-5 F2.0
aw t?églstt Ihonr12a|_r eaerts Ee:t iC 1f |_r satmthhgatlli tCh;f st
3= acute, no health; 4 = acute, health 6 FI.O
QCcC Gty code 7-8 F2.0
| NTCD Interviewer code 9-10 F2.0
TR4E Time spent at leisure, (hours per week) 11-12 F2.0
WORX Time speat at work (hours per week) 13-14 F2.0
AGE Age of respondent 15- 16 F2.0
NPER Nunber of persons in househol d 17-18 F2.0
YRED Years of education. 19-20 F2.0
LI VLA Years lived in LA area 21-22 F2.0
PLLVLA  Years plan to live in LA area 23-24 F2.0
LOCEMX  X-coordinate, location of enployment 25- 26 F2.0
LOCEW  Y-coordinate, location of enployment 21-28 F2.0
LOCLVX ~ X-coordinate, location of home 29- 30 F2.0
LOCLVY  Y-coordinate, location of hone 31-32 F2.0
ADDCON  Additional conversation tine (mnutes) 33-34 F2.0
SEX Sex of respondent (I=male) 35 F1.0
MARST Marital status of respondent (I=married) 36 FL.0
DEG (\;/hest %egAre\z/e o%te}{onege(l =H S ; 2=Coll.;
gree) 3 F1.0
ENHA? Environmental hazards associated with job
(I=yes) 38 F1.0
PAWP Ekwgnijgh of anghlet did you read? (1=0-5 pages;
pages; 3=10 + pages; 0 = did not receive) 39 F1.0
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Card #2. Bidding Gane and Secret Ballot
Variable

Nanme Description Col um(s) For mat
QWM Questionnai re number 1-3 F3.0
QrYP estionnaire type (l=aes. + no health;

4zgcejt'e++h?12|altthé1) 3=acute + no health; 4 fL 0

CROWM Card nunber 5-6 F2.0
STBID Starting hid 7-8 F2.0
CPDT Conpl etion date of cleanup 9-10 F2.0
IWI X Were you woul d nove, 1st stage, X-coordinate 11-12 F2.0
IWIY Were you woul d move, 1st stage, Y-coordinate 13-14 F2.0
ZW2X Were you would nove, 2nd stage, X-coordinate 15-16 F2.0
IW2Y Were you woul d nove, 2nd stage, Y-coordinate 17-18 F2.0
ZW3X Were you woul d nove, 3rd stage, X-coordinate 19- 20 F2.0
ZW3Y Were you woul d nove, 3rd stage, Y-coordinate 21-22 F2.0
MAXBDL Maxi mum bid, 1st stage 23-27 F5.0
MAXBD2 Maxi mum bid, 2nd stage 28-32 F5.0
MAXBD3 Maxi mum bid, 3rd stage 33-37 F5.0
VEH Vehicle used (I=monthly charge; 2=utility bill) 38 F1.0
LFCK Life table checked (I-yes) 39 F1.0
W Wul d you nmove, 1st stage (I-yes) 40 F1.0
W2 Wul d you nmove, 2nd stage (I-yes) 41 F1.0
W3 Wul d you nmove, 3rd stage (I-yes) 42 F1.0
ZOTVEH I's there another vehicle? (I-yes) 43 F1.0
SB1l Secret ballot; question 1, bracket 1 44 F1.0
SB16 Secret ballot; question 1, bracket 6 49 F1.0
SB21 50 F1.0
SB29 (I=checked; 0=unchecked) 58 FL.0
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Card #2 (continued)

Variabl e

Name Description colum(s)  Format
SB31 59 F1.0
SB37 Secret Ballot; question 3, bracket 7 65 F1.0
SB41 (I=checked; Crunchecked) 66 F1.0
SB46 11 F1.0
RVBDL Reverse bhid to B fromC 72-75 F4.0
RVBD2 Reverse bid to A fromB or C 76-80 F5.0
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CARDS 3, 5, 7, 9, . . ., 67

ACTIVITIES © QUTDOOR THEN | NDOOR
Variabl e .

Nare Description Colum (s)  Format
QWM Questionnai re nunber 1-3 F3.0
QrYP Questionnaire type 4 F1.0
CRDNM Card number 5-6 F2.0
10PT Activity participation (I=yes) 1 F1.0
| 0I WP Inportance colum checked (I=yes) 8 F1.0
10T™ Vas the activity only tinme inportant (l=yes) 9 F1.0
10SBB Did a substitution occur at 1st stage (I=yes) 10 F1.0
10SBC Did a substitution occur at 2nd stage (I=yes) 11 F1.0
10SBD Did a substitution occur at 3rd stage (I=yes) 12 F1.0
10TVEB Vs there a time substitution (I=yes) 13 F1.0
10FQSB \a there a frequency substitution (I=yes) 14 F1.0
10LCSB Vs there a |ocational substitution ~l=yes) 15 FL.0
LOOTSB Vs there some other kind of substitution (l=yes) 16 F1.0
10PD Percent of activity done during day 17-19 F3.0
10EQX Equi prent repl acenent expendi t ures 20- 24 F5.0
10HRA Hours per week in activity 25-28 F4.0
10FQA Frequency per week in activity 29-32 F4.0
10LCXA X-coordinate location of activity 33-34 F2.0
10LCYA Y-coordinate |ocation of activity 35- 36 F2.0
10M A Mles travelled 37-40 F4.0
10DCA Direct costs 41-44 F4.0
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CARDS 4, 6, 8, 10, . . . . 68
Variable Nane Description

QWM Questionnai re number
QrYP Questionnaire type
CRDNM Card nunber
10HRB Hours

10FQB Frequency
10LCXB X-Location
10LCYB Y- Location
10MB Mles travelled
10DCB Direct costs
10HRC Hours

10FQC Frequency
10LCXC X-Location
10LCYC Y-Location
momcC Mles travelled
10DCC Direct costs
10HRD Hours

10FQD Frequency
10LCXD X-Location
10LCYD Y- Location
10MD Mles travelled
10DCD Direct costs
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Col umm(’s) For mat
1-3 F3.0
4 FL.0
5-6 F2.0
7-10 F4.0
11-14 F4.0
15- 16 F2.0
17-18 F2.0
19-22 F4.0
23-26 F4.0
27-30 F4.0
31-34 F4.0
35- 36 F2.0
37-38 F2.0
39-42 F4.0
43- 46 F4.0
47-50 F4.0
51-54 F4.0
55- 56 F2.0
57-58 F2.0
59- 62 F4.0
63- 66 F4.0



Card 69: Home Characteristics

Variabl e

Name Description Colum(s)  Format
Q\M Questionnaire nunber 1-3 F3.0
QrTP Questionnaire type 4 F1.0
CRDNM Card nunmber 5-6 F2.0
LVAR Living area (sg. ft.) 7-11 F5. 0
NRM Nunber of roons 12-13 F2.0
NBDRM Nunber of bedroons 14 F1.0
NBTRM Nunber of bat hroons 15 F1.0
DEN Den (I =yes) 16 F1.0
FAM Fam |y room (I=yes) 17 F1.0
DIN Dining room (I-yes) 18 F1.0
PCH Encl osed porch (I=yes) 19 F1.0
ATTIC Attic (l=yes) 20 F1.0
BASE Basement (I =yes) 21 F1.0
UTRM Uility room (I=yes) 22 F1.0
OTRM O her room (I =yes) 23 F1.0
SCvw Scenic view (I=yes) 24 F1.0
STAR Number of stories (include basement) 25 F1.0
REMD Remodel ed (1 -yes) 26 F1.0
DI SH Di shwasher  (1=yes) 27 F1.0
Dl SP Di sposal  (I=yes) 28 F1.0
CEAIR Central air conditioning (I=yes) 29 F1.0
TRASH Trash conpactor (I=yes) 30 F1.0
CEHT Central heating (I=yes) 31 F1.0
POCL Swimming pool (I=yes) 32 F1.0
FRPL Fireplace (l=yes) 33 F1.0

197



Card 69 (continued)

Variable
Name Description Col um(s) For mat
AGEHM Age of home (years since construction) 34- 35 F2.0
YRPC Year of purchase (last two digits) 36- 37 F2.0
LVHM Length of time (years) living in hone 38-39 F2.0
PCPR Purchase price of home 40- 45 F6. 0
MIPY Monthly payments (rounded to nearest dollar) 46- 48 F3.0
TDYWL Val ue of hone in today’'s market 49-54 F6.0
PTYTX Property tax paynents per year 55-58 F4.0
LVAPT Length of time (years) in apartnent 59- 60 F2.0
MIRT Monthly rent 61- 64 F4.0
| NSPY Insurance payments/year 65- 68 F4.0
UPKP Monthly upkeep around home 69- 72 F4.0
PCTBST Percent of basement conpleted 73-75 F3.0
STD Aut orobi | e standards (I=increase; 2=decrease;
3=sane) 76 F1.0

198



Card 70: Home Characteristics and Transportation
Variable
Name Description Col umm('s) For mat

QWM Questionnaire nunber 1-3 F3.0
QrYpP Questionnaire type 4 F1.0
CRDNM Card nunber 5-6 F2.0
Il:llg% V\hg: have yci)<u dghos%n to Iikvg in Ithi sf area 1 F1.0
Ks G (e Ses BT Sl oheeked” 1O 9 FLO
AVGXFD Average nonthly expenditures for food 20-23 F4.0
AVGXCL Average monthly expenditures for clothing 24-27 F4.0
| NCOVE Annual househol d i ncome (mdpoint of groups) 28-33 F6.0
PYFC How much woul d you pay for house if in area

like C 34-39 F6.0
VLUNPL How nuch of val ue of your home is due to no

air pollution 40- 44 F5.0
NWEH Nunber of vehicles in famly 45 F1.0
LI CDR Licensed drivers in famly 46 F1.0
HSTNPG H ghest average mles per gallon 47-48 F2.0
LWSTMPG  Lowest mles per gallon 49-50 F2.0
M.TVLD Mles travelled per week 51-54 F4.0
HRCMAK Hours per week spent commuting for work or

school 55-56 F2.0
HRCMSP Hour s/ week spent commuting for shopping 57-58 F2.0
HRCMREC Hour s/ week spent comuting for recreation 59- 60 F2.0
CRPOOL Are you in a car pool (l=yes) 61 F1.0
GASCST Gasoline costs/nonth 62- 64 F3.0
MICST Mai nt enance costs/nonth 65- 67 F3.0
RTD Public transportation fares/nmonth 68- 70 F3.0
AUTOI NS Auto insurance/ nonth 71-73 F3.0
ZVAC Vacation within last year (I=yes) 74 F1.0
VACX Vacation expenditures 75-80 F6.0
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Card 71: Medical and Attitudes
Variabl e
Name Description col um(s) For mat

QWM Questionnai re nunber 1-3 F3.0
qQryp Questionnaire type 4 F1.0
CRDNM Card number 5-6 F2.0
MD1A Medi cal, question 1, part a 1 F1.0
MD1H Medi cal, question 1, part h 14 F1.0
MD2I Medical, question 2, part | 15 F1.0
M20 Medi cal, question 2, part O 21 F1.0
AGGAP Condi tions aggravated by air pollution (I=yes) 22 F1.0
DSAQ Di seases which could be made worse by air

pol fution (I=yes) 23 F1.0
PHYDI S Physical disabilities (l=yes) 24 F1.0
LFPL1 Life more pleasant (not at all=00; to some 25 F1.0
LFPL2 degree=0l; greatly=l0) 26 F1.0
DRGL Spend more on drug items (not at all=00; 21 F1.0

to some degree=0l; greatly=I0) 28 F1.0
EASVKL Make it easier to do your work (not at all=00; 29 F1.0

to some degree=0l; greatly=I0) 30 F1.0
NGTRDY Prefer night or day (l=day; 2=night; 3=no

di fference% 31 F1.0
SMXE Do you smoke (I=yes) 32 F1.0
PACKS How many packs 33 F1.0
MEDCTN Do you take medication regularly (I=yes) 34 F1.0
MEDX Medi cation expenditures/nonth 35-37 F3.0
MEDXAP Medi cal expenditures associated with air

pol [ ution 38-40 F3.0
DR Year|ly doctor’'s fees 41-44 F4.0
MEDI NS Year|y paynents on nedical and |ife insurance 45-47 F3.0
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CARD 71 ( CONTI NUED)

Variable

Nanme Col um(s) Format
X B s T TS e TP w kLo

Since living in Los Angeles:
ATT11 | have not been bothered by air pollution. (1 = yes) 49  FL.O
ATT12 | have been sonewhat bothered by air pollution. (1 = yes) 5%  FLO
ATT13 | have been bothered by air pollution. (I=yes) 51 F1.0

Do you believe that air pollution in Los Angeles: (check one)
ATT21 Has becone worse since you have |ived here. 52 F1.0
ATT22 Has stayed about the same since you have lived here. 53  FLO
ATT23 Has gotten better since you have lived here. 5%  FLO

Vhat do you think should be done about air pollution?

(Check one)
ATT31 | gnor ed. 55 F1.0
ATT32 Reduced. 56 F1.0

Rank the following problems in terms of inportance

most to |east) as the nmgjor issues facing the comunity.

Choose top five.)
ATT41 Juvenile delinquency. 57 F1.0
ATT42 Comnuni cabl e di sease. 58 F1.0
ATT43 Unenpl oynent . 59 F1.0
ATT44 Air pollution. 60 FLO
ATT45 Car acci dents. 61 F1.0
ATT46 Crime. 62 F1.0
ATTAT Nucl ear Energy. 63 F1.0
ATT48 Al cohol i sm 64  FL.O
ATT49 Vater pollution 65 F1.0
ATT410  Energy 66 F1.0
ATT411 Congesti on 67 F1.0
ATT412  CQther 68 F1.0
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CARD 71 ((CONTI NUED)

Variabl e
Nanme Col um (s) Format
Do you believe air pollution in the Los Angeles area:
ATT51 Cannot be reduced bel ow the present |evel. 69 F1.0
ATT52 Can be reduced bel ow the present-|evel. 70 F1.0
ATT53 Can be al nost conpletely elimnated. 71 F1.0

What do you think the words air pollution nean to nost
people in the Los Angeles area? Do they mean:

ATT61 Frequent bad smells in the air. (1 =yes; 0= no) 72 F1.0

ATT62 Too nuch dirt and dust in the air. (l=yes; 0 = no) 73 F1.0
ATT63 Frequent haze or fog in the air. (1 =yes; O= no) 74 FLO
ATT64 Frequent irritation of the eyes. (1 =yes; O = no) 75 F1.0
ATT65 Frequent nose or throat irritations. (1 =yes; O = no) 76 F1.0
ATT66 Qther. 7 F1.0
ATT7 Have you read or seen anything in the newspaper recently

about air pollution? (1 = yes; O = no) 78 F1.0
ATT8 Wen you read the ne\NspaPer, do you generally choose to

read articles on air pollution? (1 = yes; O = no) 79 F1.0
ATTY Do you consult the daily air pollution index before

engaging in any activities? (1 =yes; 0= no) 80 F1.0
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APPENDI X F

This appendix details the actual streets in the paired areas from which
the respondent sanple was drawn.
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