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ABSTRACT

Two different willingness to pay responses are conpared - Wwillingness to
pay to avoid loss of air quality and willingness to pay to obtain gains in air
quality - for visibilitx and health. Contingent valuation data were used to
estimate bid functions for these two types of responses. Conparison of the
estimated nodels indicates that, in addition to magnitude differences, there
may be differences in how gains and | osses for visibility and health are
affected by risk perceptions and other risk-related variables. By conparing
enpirical results to theory of bid curves, income and health appear to be
conpl enents whereas income and visibility may be substitudes.
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| ntroduction

Measuring benefits for environmental goods has been the subject of a
| arge number of studies (Kneese, Cummings, Brookshire, and Schul ze give recent
reviews). The conparison of conpensating and equival ent variation measures
has been one topic of concern (Maler) in benefit measurenent.

A related issue is the conparative valuation of gains and | osses
following work by Kahneman and Tversky, who suggested that |osses are val ued
more highly than gains. Studies of willingness to pay and willingness to
accept have tested the difference between "buying price" and "selling price"
using an experinental narket approach (Knetsch and Sinden; Coursey, Hovis, and
Schultze). Athough utility theory predicts that |osses nay receive a higher
val ue than gains because of declining marginal utility, the observed val ue
differences in experinents were considered to be larger than mght be expected
fromtheory (Knetsch and Sinden). In later work by Coursey, Hovis, and
Schultze, initial differences between the paynent and conpensation neasures
tended to disappear as the nmarket valuation game was repeated. Initia
differences in valuation were attributed to |ack of experience by subjects
with conpensation as conpared to paynent.

Thi s paper conpares the relative values of gains and |osses using two
willingness to pay neasures -- willingness to pay to obtain inprovenents in

air quality (gains) and willingness to pay to avoid worse air quality



(losses). By holding the valuation method (paynent) fixed, the conparison of
gain and loss values is not confounded wth the payment/conpensation
di fferences.

Rather than using an experinental market approach, observations of
wi llingness to pay were obtained froma contingent valuation study including
visibility and health aspects of air quality. 1In addition to testing
magni tude differences between bid values for gains and |osses, the
avai lability of cross-sectional data enabled the effects on bids of
soci oeconomi ¢ variabl es and perceptions to be examned. Al though the
contingent valuation nethod has been controversial because of its hypothetica
nature and its potential incentive biases, this nethod is now generally
accepted as providing one type of benefit estimate and tests of its possible
bi ases have been fornul ated (Freenman; Rowe and Chestnut; Brookshire, Thayre,
Schul ze, and d' Arge).

Bel ow, theoretical properties of the two types of willingness to pay
measures are first presented for conparison to enpirical results. Then, the
study design is described. Finally, enpirical nodels are presented and are
applied to bids for gains and | osses for visibility and health separately and

in conbination.

Theory of WIlingness to Pay Bid Curves

M croeconom ¢ theory (Freeman) is the basis for benefit measurenment for
nonnar ket goods. Individuals are assuned to have well-defined preferences
for market goods and nonmarket goods represented by a utility function.
Prices and budget constraints then conbine with preferences to deternine
choices. Choices (here, wllingness to pay bids) then reveal underlying
preferences. A concave shape for bid curves has been justified by the

assunption of declining marginal utility (Bradford).



Bel ow, properties of willingness to pay bid curves for both gains and
| osses are related to underlying utility function properties. The case when
effects of air quality changes are assuned to have certain outcomes is
discussed first. Conclusions obtained fromthe certainty case are:

(i) xgiigngness to pay to avoid |osses is not necessarilrigreater t han

ngness to pay for gains;, it is greater than wllingness to pay
to obtain gains if incone and air quality are conpl enents;

(i) wllingness to pay for a combination of goods (eg. visibility and

ealth) may differ fromthe sumof wllingness to pay for each
separatel y.

Extending the theory to include health risk, the effects of risk perceptions

and health status on willingness to pay are considered. A third concl usion

fromrisk theory is that:

(iii) risk perceptions and health status may have different effects on
wi | lingness to pay to obtain gains and to avoid | osses.

In a later section, these theoretical findings are conpared to enpirical
results for gains and losses in health and visibility.

WIllingness to Pay for Gains and Losses with Certain Qutcones

Simlar to the definitions given by Brookshire, Randall, and Stoll for
public goods, and Bockstael and MConnell for househol d production, both types
of willingness to pay measures - paynent to avoid worse air (WIP®) and payment
to obtain better air (WIP®) - can be defined as expenditure differences. The

notation "c¢" and "e

denotes conpensating and equival ent variation measures.
The definitions depend on the level of utility achieved (with a gain or a
loss) and in both cases "paynment" refers to a decrease in incone. Bel ow,
their derivation from consumer expenditure theory is described.

The indirect utility function represents the |evel of satisfaction
achieved by an individual for a given level of air quality (Y) wth optinum

choi ce of private goods subject to a budget constraint:



(1) UMY, p) = Mx Ux,Y)

X
s.t. p X <M

where U(.) denotes the utility function, x denotes consunption of market goods

at prices p, incone is denoted by M and U(.) denotes the indirect utility
function in terms of prices, incone, and air quality.

Expenditure nminimzation, the dual of the utility maxinization problem
is constrained to achieve a given utility level. The expenditure function

expresses the minimum expenditure for private goods given an exogenous | evel

of the nonmarket good and the utility constraint |evel

(2) p(U,Y,p) = Mn p x
X

s. t. Uux,Y) >T

where u(.) denotes the expenditure function
W1 lingness to pay for obtaining gains (WIP®) and for avoiding |osses
(WTP®) depend on the utility level achieved (the initial level ° or a new

| evel Ul) for a given air quality change (either an increase or a decrease):

(3 UM - WIPS, v= 4y, p) = 0 =UM ¥, p)
(4) UM - wre®, v°, p) =TM Y° -y, p) = vt
where ut < 1P, (WIlingness to accept neasures may be sinmilarly defined but

are not the subject of this study.) By duality, willingess to pay for gains
and | osses respectively satisfy:

(5) wIe® = u(U°, Yo, p) = w(U°, Yo4y, p)

(6) wIe® = w(ul, vy, p) = sl v, p)

where Y° is an initial level of air quality (the status quo), y is a given

change in air quality, the initial utiity level is I’ = UM Y°, p) and the
new utility level is ot = UM Y°-y, p) which is less than the initial utility
. These expenditure differences can also be expressed as integrals as in

Brookshire et al. and Bockstael and MConnell



The slope of each type of bid curve is obtained by total differentiation

of the indirect utility definition ((3) or (4)) with respect to vy:

(o]
(7) g wIe" T, - WIS, Y° 4y, p)/ Ty (M -WIFS, Y° 4y, p);
3y
e
(8) 33WTP T, Y0 -y, p)/ Ty (- wre®, ¥°, ).
y

Si nce ﬁy and ﬁﬁ are both positive, the marginal bid is positive; i.e.
willingness to pay increases with air quality change for both gains and
| osses.

The shapes of the two bid curves are obtained by differentiating (7) and

(8) with respect toy. If there is dimnishing marginal utility in both M and

Y and U is quasiconcave in Mand Y, then wrP® is concave (as in Bradford):

y S =2 = = =2 = o= o= =3
(9) 87 wre® _ [y T + Ty Ty - 2 Ty T Ty 1/ Ty
3y
By differentiating (8), WrP® has a shape deternmined by
() a%wre® _ - B T+ T Ty
ay 3
Uy

The wrP® bid curve can be either concave or convex depending on the relative

MM
Relative Size of Wllingness to Pay Measures, Considering both wre® and

sizes of U and T,,.
yy

WTP® to be functions of y for given Y°, M p, conditions when WIP® exceeds
wrP® can be identified by conparing the Taylor series for each for a change vy.

Both types of bids are zero at y = 0. Therefore, the Taylor series about

y = 0 are:
. c 2 c
wre®(y; Y0, M, By = &5°F y+ 22| 3% 4 Remainder
y y=0 ay y=0
e 2 e
wre®(y; Y°, M, P) = BgTP y + % 8 wzp y2 + Remainder.
Y |y=0 ay”  |y=0




(7) and (8) are equal at y = 0. (10) is greater than (9) if_Uyy <0 and air

quality and income are conplenents (I—JMyz 0); that is, as air quality (y)

increases, the marginal utility of income also increases. Thus, for snall

changes in vy, if conplementarity of incone and air quality (ﬁMYz 0) holds,
then WTP® wi |l exceed WIP®. Conversely, for Wrp® to exceed WrP® for small
changes in y, then Uy
Wllingness to Pay for Miltiple Goods. To extend the expenditure nodel

< 0 (air quality and incone are substitutes) nust hold.

to value a conbination of goods, such as visibility and health, the bid curves
are simlarly described in terns of differences in the expenditure function,
However, willingness to pay for nultiple goods will not necessarily be the sum
of willingness to pay for each good separately.

For two goods Yy, Y,

(11)  WIP® = u(U°, Y], Yo, p) = w(U°, Y] +y;, Y5 +y,, p)

e 1 o o 1 0o Lo
(12) WIP™ = u(U7, Y]_ 'Y]_: Y2 ‘)’2, p) = p(U7, Yl, Y2s p)
1 —
where U = M Yi, Y;_’, p) and U* = U (M Y‘{ -¥1 Yg -¥,, P). In both cases,
these measures can again be defined as an integral expression

8
(19w~ (-2 gy - 2 gy
P ay1 ayz

over a path P between (Y7, Yp) and (¥] + y;, Yo + y,). If wis continuously
differentiable, these measures are well-defined (or "path independent”) by
Geen's theorem but are not necessarily equal to a sum over each good

consi dered separately.
For exanple, suppose Uis of the translog form

(14) UM Yy, Yy, p) =M+ In Y +a, In Y, +y1In ¥, In Y, =0 1np
where 4 represents the interaction effect of Yl and Y2 on utility. The
assunption that increasing health should not decrease the marginal utility of
increased visibility is expressed by the condition ¥y > 0. The correspondi ng

expenditure function is

(15) p=U-a In¥) -, InY, - yInY¥, InY, + 0 1ln p.



Fromthe definitions (11) and (12),

(16) WIP® = ayln( Y;/¥]) + ayla( Y,/¥9) + v [In ¥, In ¥, - In Y5 In ¥3)

(17) WIP® = ayla( ¥3/¥;) + apln( Y9/¥)) + 7 [In ¥y 1n ¥} - 1n ¥, 1n Y,)

wher e Y; - Y? +y and Y; - Yz -y. |If there is interaction between goods in
the utility function because y = 0, then the WIP bid functions are not
additive in willingness to pay for each good separately.

WIlingness to Pay for Gains and Losses when Risk is Affected by Air Quality

Air quality may affect the probability of illness as well as the
subsequent level of indirect utility. Below WIP® and WTP® bid curves are
described for this situation. W also show that WIP® and WTP® may be affected
differently by risk-related variables, here represented by initial health risk
and initial health status of a person.

WIllingness to pay when there is health risk is defined bel ow based on
the concept of option price with state-dependent utility (Smth; G aham
WIllingness to pay is an option price which nust be paid ex ante before the
state of nature is known; hence it does not depend on the realized state of
nature.  Consunption choices, made after the state of nature is known,
determne the resulting indirect utility which depends on whether illness or
health occurs. WIIlingness to pay is defined in terms of expected value of
the state-dependent indirect utility.

The probability of illness (p;) Is related to existing air quality and

initial good health (H) of a person:

Pi - Pi(Ht Y).

W& assume

api

3V < 0 and api/aH < 0;
that is, inproving air quality decreases probability of illness and inproved
initial health also reduces the probability of illness. Below, pg denotes the
ex ante probability of illness for the initial air quality and health:

o Lo ] (o}
py = p;(H,Y7).



Let ﬁi(M,Y,p) denote the level of indirect utility if illness occurs and

ﬁh(M,Y,p) denote the level of indirect utility if no illness occurs. Ex ante,

the expected value of indirect utility nmeasures the welfare of the individua

for any level of air quality Y

(18) EU =- Py U, 1LY, p) + (1 - py )T, hLY,p).

Wth base air quality conditions, denote initial expected utility by:

ET° = p‘i’ U, (M,Y°,p) + (l-pz) U, (M,Y°,p).
These probability measures are not required to be objective; that is decisions
may be based on subjective or perceived probabilities.
The WTP® nmeasure equates expected utility with initial air quality to
expected utility with both air quality and incone changes. |et

p; = pi(H,Y°+y) denote probability of illness after air quality inproves

(p; < pg). wre® is defined from

(19) piU; (M-WTE®, YO4y,p) + (L-p;)Ty (H-WTP®,¥O+y,p) = EO°
Differentiating (19) with respect to y, the effect of changing air quality on
wIP®
, 80 3T, ap =
20 QWTPc 18v+(l p)—+—-(U )
' BU , au.
piam L) g
i_ v !
- 9 -
au au
ECan) ECaw
where T h? ﬁ; denote the utility levels after a conpensated change in air

quality. Conparing (20) to the certainty case (7), the marginal bid with risk
is the ratio of the expected values of marginal utility of air quality and
income plus a termfor the value of the effect of air quality on health risk,
with health held constant. The marginal bid (20) is positive with the

assunption that utility when no illness occurs exceeds utility with illness



(ﬁé - ﬁ;_z 0). Because of the risk effect value, this willingness to pay
measure is then larger than that for the case when health risk is not affected
by air quality.

The effect of ex ante health status on willingness to pay can be obtained
fromthe nmodel. By taking the derivative with respect to pg in (19), assum ng
that health factors (H) affecting Py © also affect p;, the effect of initia

health risk is given by

3t _, '
50 =0 1 33 —
. [Uh - Ui] - apo [U - Ui]
(21) WTz - — 1 )
dpy U, Uy
1 —— - =2
Piam v - eiigy

willingness to pay will decrease with inproved initial health if (21) is
positive (higher risk inplies greater willingness to pay). This occurs if the

difference in utility between the two states declines after the conpensated

change:
=’ =! =0 =0
Up - Uy =0, - Uy
. a"i . . - . .
and if -—;_5_1; i .e. subsequent changes in probability of illness decline
dp
' o
By 2
8H® ~ au°

Properties of willingness to pay to avoid |oss (WIP®) are obtained
simlarly to the above procedures. wrp® equates expected utility for incone

decreases to expected utility for pollution increases:
(22 Py U; (M-WIP®,Y°,p) + (1-52) T, (M-wTP®,¥°,p)

’ o 1 o .
- pi Ui(M:Y 'Y,P) + (1'Pi )Uh(M:Y -}’,p).
where the increased probability of illness is p;'- pi(H,Yo-y) > pg. The

effect of air quality change on this wllingness to pay neasure is given by



'IBU r 2 aﬁ api PR A A -t t?
) owre® Pigy  t -sy ) 5o 4 ag Gy )
(23) ay y y
o i o aUh
Piam + (1-r3) 3y

h
utility with the air quality decline. Since making initial air quality worse

wher e ﬁ;', ﬁé' denote utility with the noney payment and ﬁ;", T " denote

rre L

increases health risk, the marginal bid (23) is positive if u >0 .
Again, conparing (23) to (7), the marginal bid with risk is the ratio of the
expected marginal utilities of air quality and income plus a termfor the
value of illness probability change

The effect of ex ante health status on WIP® is obtained from

differentiating (22):

ot e apé_' NN RN
[Ui U ] - 'a'—o [Ul -Uh ]
awrp® Pi
(24) o - i L 1t
ap- au. au.
1 o 1

Because (24) and (21) have different forms, it is possible that initial health
status (H) and perceived initial health risk (pg) may have differing effects
for wre® and wrp®t Below, the effects of risk perceptions and health status

on bids are tested.

Study Desi gn

To provide willingness to pay data related to potential changes in air
quality, a contingent valuation study was undertaken in the spring of 1980 in
the San Francisco Bay area. Figure 1 illustrates the variation in air quality
inthis area in terms of the EPA ozone standard (number of days per year
exceeding .12 ppm.

The study area enconpassed an extensive geographical area containing 946
census tracts and 73 cities. To develop a sanmpling scheme for the contingent
val uation study, census tracts in this area were first classified according to
| and use characteristics (density of census tracts), characteristics of

residents (age, incone), and city characteristics (urban, suburban). Usi ng
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cluster analysis, eleven distinct types of census tracts were identified. To
limt the sanple size for the study, all tracts used in the final analysis had
popul ation density associated with predomnantly single famly owner

occupancy. Included were tracts with two age categories ("younger" and

"ol der" residents) and three levels of income (high, medium and |ow incone
residents). The area was further subdivided into five air quality regions
descri bed below. The conbined soci o-econom c/ geographic/air quality
classification systemyielded forty-two distinct types of tracts. (Not al
possi bl e conbinations of age, inconme, air quality, and |ocation were present.)
Using stratified sampling with selection probabilities proportional to

popul ation, one tract of each type was randomy chosen for a total of
forty-two tracts. Ten respondents were then chosen randonly from each
selected tract; 412 usable survey responses resulted. Appendix Table 1 shows
i ncome and popul ation characteristics for respondents conpared to the entire
study area divided by air quality and |ocation.

Five air quality areas (labelled A, B, C D, E in Figure 2) were obtained
by classifying visibility and health characteristics of air quality in the Bay
Area. The visibility classification was based on data from nearby airports
(shown in Appendix Table 2). Cities in areas A and C had nore than ninety
percent of days with greater than 10 mles visibility; cities in areas
B, Db and E had 80% or |ess days of this type. Visibility in areas A and C
corresponds to Travis Airport and areas B, D, and E are assigned to the
nearest other airport sites.

The PSI index devel oped by EPA was used to classify areas according to
heal th characteristics (see Appendix Table 3 for definitions). According to
anbient air pollution data fromthe Bay Area Air Pollution Control District,
areas A and B had no nmore than one "unheal thful" day and no "very unheal thful"
days. Areas C and D had two to five "unheal thful" days and no nore than one
"very unhealthful" day. Area E the worst area, had more than twelve

"unheal thful " days and two to seven "very unheal thful" days.
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Figure 1
Study Area

1978 Expected Annual Exceedances of Federal Ozone Standard, in days -r
year with a high hourly average exceeding .12 ppm, based on running 3-year
average (1976-78).

Source: BAAPCD



Figure 2

AIR QUALITY TYPES DEFINED IN TERMS OF
VISIBILITY AND HEALTH

VISIBILITY DAYS

HEALTH DAYS . _(FAIRFIELD READING) (SF-OAK-SJ READING)
<100 MODERATE A B
0-1 UNHEALTHY
0 V. UNHEALTHY

>100 MODERATE C | D
2-5 UNHEALTHY
0-1 V. UNHEALTHY

>130 MODERATE
>12 UNHEALTHY
2-7 V. UNHEALTHY
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Nurerical measures of air quality used in this study, defined in terns of
visibility and health separately, are shown in Appendix Table 4 for each air
quality area. Visibility (PCTVIS) is the percent of noderate or poor days
Health (PSI2) is the PSI value tines the percent of non-good health days.

Val ues of these air quality neasures are consistent with the classification
that areas A and C have better visibility and that good health ratings
increase going fromarea E to A

Information (Table 1) concerning visibility and health characteristics
for each area was presented to respondents in the contingent valuation study.
Visibility was described in terns of nunber of days with visibility at three
level s:  non-polluted, nmoderate, poor. These levels correspond to visibility
greater than 10 mles, 6 to 10 mles, and below 6 niles when relative humdity
Is less than 70%  Photographs were used to define these visibility levels
pictorially for three typical scenes in the Bay Area. Health-related air
qual ity was described in terms of the nunber of good days, noderate days,
unheal t hful days, very unhealthful days, and hazardous days. The PSI index
was the basis for describing health effects. Respondents were told what types
of health synptons mght be expected to occur for each type of day and the
corresponding limtations for persons with different health conditions (see
Appendi x A).

Respondents were then asked to conpare air quality areas pairw se,
conparing their own area to each of the other air quality areas. Table 1
shows the information given for each area. A fictitious area F, with air
quality much worse than other areas, was also included. Respondents were
asked to state their maximum w llingness to pay per nonth, either to avoid the
situation in a worse air quality area, or to obtain the situation in a better
air quality area. Respondents could bid any dollar amount per month but were
given a list of possible amunts ranging from $0 to "nore than $100" as
suggested anounts. It was stated that the noney would go to the Bay Area Air
Pol lution Control District to be used to inprove air quality in all areas.

(Appendi x B gives the formof the wllingness to pay questions.)
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Table 1. Characteristics for Air Quality Areas in the Contingent Valuation

St udy.
Area
A B C D) E F*
VI SI BILITY
Non- Pol [ ut ed Days 330 265 330 265 265 205
Moder at e Days 20 70 20 70 70 100
Poor Days 15 30 15 30 30 60
HEALTH
Good Days 294 294 232 232 191 161
Moder at e Days 70 70 130 130 150 140
Unheal t hful Days 1 1 3 3 20 50
Very Unheal t hful Days 0 0 0 0 4 12
Hazar dous Days ‘0 0 0 0 0 2

*

Fictitious Area
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The study al so asked respondents questions about their visibility
perceptions, their current health status, and their beliefs about persona
risk; these factors, in addition to the magnitudes of air quality changes,
were used to explain wllingness to pay responses. Responses to these

questions are described bel ow.

Visibility, Perceptions, Health Status, and Ri sk Perceptions

of Bay Area Residents

W lingness to pay obtained through contingent valuation can be validly
linked to air quality levels only if respondents can actually perceive
distinctions among air quality levels. Several questions on the contingent
val ue survey were designed to test this Iinkage by conparing perceptions of
air quality to measures of air quality. Three questions were:

-ls air quality in your city generally poor, fair, good, or excellent?

-Does air quality in your area need inprovenent?

-How many days per nonth is the visibility like that in the photograph

("clear", "noderate", or "poor") in a typical nonth during winter (fall

spring, sumer)?

Responses to these questions (shown in Appendix Tables 6-9) indicate that
judgenents are generally consistent with objective air quality measures (shown
in Appendix Tables 2 and 3). In terns of overall quality, area B was rated
between areas A and C for the average response and E was judged to be worst.
Consistent with the visibility classification system areas A and C were
judged to have about the sane air quality; B and D were judged to be worse
than A and C and E was judged to be significantly worse. However, respondents
general |y believed the number of good days to be fewer, and bad days to be
greater, than objective information indicates.

General ly, respondents in the East Bay and in urban [ocations (San
Franci sco, Berkeley, QOakland) believed air quality to be worse than their

counterparts in West Bay and suburban |ocations.
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Wthin each geographic area, visibility perceptions varied, i.e. some
peopl e believed air quality to be better than others. A variable nmeasuring
such differences was defined by conparing an individual's judgement of the
number of clear days with the average clear rating for his/her air quality
area

Heal th Status

An index of initial health status was defined to conmbine information from
questions dealing with type, severity, and frequency of synptoms which m ght
be associated with air pollution. The greater the severity, seriousness, or
frequency of synptons, the greater this index; that is, higher values of the
index inply worse health.

The index (H S.) was constructed sonewhat arbitrarily as follows:

H.S. = f (SI; x SV, x FI.)

where i denotes a synptom SI, is an index for each synptom taking on the
following values: 0 if the synptom does not occur, 1.5 for nose/throat/eye
irritation, coughing, sneezing;, 2 for nausea or headache; 4 for chest pain or

shortness of breath. SV, is a severity index for each synptomwi th the

i
following values: .5 for mld, 1 for noderate, 2 for severe. FI; is a
frequency index for each synptomtaking on the follow ng values: 10 for

seldom 50 for now and then, and 200 for frequent. The possible range of this
heal th status index was fromO to over 11,000. According to this index
(Appendi x Table 10), Area E exhibited a nuch higher average health index (I|ess
heal thy) than areas in the suburban West Bay with better air quality. East

Bay residents were also generally less healthy than West Bay residents.

Ri sk Beliefs

Theory above showed that risk perceptions should influence willingness to
pay. A risk belef index (Appendix Table 11) was designed to indicate whether
a respondent believed hinself or herself to be at risk on days defined as

being of reduced health quality according to the PSI index. The risk belief
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i ndex was constructed so that greater belief in the PSI index inplied a
greater index.

A person may personally believe the PSl index information. Then, he or
she would believe that a mld restriction would be experienced on noderate
days, a noderate restriction would occur on very unhealthy days, and a severe
restriction would occur on hazardous days. O, if a person believes that only
mld restriction would occur on even the worst air quality days, then the risk
belief index should have a |ower val ue.

The risk belief index (R B.) was constructed, again somewhat arbitrarily,
as follows:

RB. = .5 (Mld Restriction Index)

+ 1 (Mbderate Restriction Index)

+ 2 (Severe Restriction |ndex)
where restriction indices (mld, noderate, or severe) are conputed based on
whet her a person believes that a health restriction will occur on a given type
of day. The following type of table was used to calculate the restriction
i ndi ces by assigning a zero (no occurrence) or one (occurrence) to each row
and colum intersection and adding the nunbers across each row. For exanple,
for a person believing the PSI information, the resulting restriction indices

are shown bel ow

Cccurrence by Type of Day

Type of Restriction Unhealthy Very Unhealthy Hazardous Restriction Index

mild 1 1 1 3
noder at e 0 1 1 2
severe 0 0 1 1

An index value of 5.5 = .5(3) +1 (2) + 2 (1) would then be obtained for such

a person.
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For a person who believes that only mld restriction of activities would
be experienced on unhealthy days, noderate restricted activity would occur on
hazardous days, and severe restriction woul d never be experienced, a risk
index of RB. = 2.5 = .5(3) +1 (1) is obtained. Thus, a risk index value
much lower than 5.5 would indicate that a person does not associate nuch
personal health risk with the PSI index while a value greater than 5.5
indicates that a person believes himself or herself to be at greater risk than
the PSI index describes.

In general, the risk belief index was much |ower than 5.5 for each area.
Onl'y about 30% of the persons sanpled had an index of 5.5 or greater,
indicating that people generally do not believe they will experience the
health effects associated with the PSI index description. No difference in

beliefs by geographic area was indicated.

Average WIIlingness to Pay Responses

Averages for willingness to pay responses for each air quality conparison
were obtained to provide a prelimnary exam nation of responses. Table 2
shows the average willingness to pay by area for all paired conparisons: A to
B AtoC AtoD AtoE AtoF BtoA BtoC BtoD BtoE etc. A
fictitious area F, with air quality much worse than other areas, was al so
included. Above the diagonal in Table 2 average wllingness to pay to avoid
worse air quality (WIP®) i s shown while val ues bel ow the diagonal are average
willingness to pay (WIP®) to obtain gains. The coefficients of variation for
responses and medi an responses are also given in Table 2 in a simlar format.

No responses were onmtted in Table 2 - i.e. "zero" and other protest
bids, as well as responses with inconsistencies and other ranking problens,
were included in Table 2. Inclusion or exclusion of such responses nade
little difference in averages or in regression results given bel ow. The

proportion of such responses were snall.
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Averages for wrp® for a given region forma scale; that is, average
willingness to pay to avoid worse air quality increases as the air quality
change is increased in a row of Table 2. The average WTP® values in a row
also forma scale. Persons in |ower inconme areas would pay less for simlar
air quality changes (area A changing to area B conpared to area C changing to
D).

Tabl e 2a shows that average bids for obtaining gains are generally |ess
than average bids for avoiding losses, e.g. $12.50 for going fromA to B but
only $5.80 for going fromB to A $13.75 for going fromA to C and $10.78 for
going fromCto A However, this difference in the two bids nearly disappears
for sonme conparisons (B changing to D and D changing to B), perhaps partly due
to soci oeconomic differences in the areas. Residents in area A would pay
about $13 to avoid a 20% decrease in either health (area A changing to area B)
or visibility (area A changing to area C), and nore than $13 to avoid changes
in both visibility and health (area A changing to area D). However, |ess than
the sum for each separately would be paid for the conbined change.

The coefficient of variation (CV) for bid responses shown in Table 2b can
be used to conpare reliability of the average bids. That is, a smaller CV

indicates a |ess variable response about the average bid for an area. For

wTP®

, the coefficient of variation decreases as the air quality change

increases. The WIP® responses do not indicate as clear a pattern. In

general, the coefficient of variation for a WIP® response is larger than for

the correspondi ng WIP® response (e.g. B to A as conpared to Ato B). These

results indicate that the average bid is less reliable as a measure of

i ndi vidual response for willingness to pay for gains than for avoiding |osses.
Medi an responses shown in Table 2c are amounts such that 50% of the

respondents would be willing to pay nore than this anount to obtain the

i ndi cated change. The nmedian can be used to identify taxation |evels which

woul d pass if a majority rule election were held over tax levels used to make

the air quality change (Loehman and De). The nedian payment for avoiding
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worse quality is $5 per nmonth for air quality changes of at least 20%in
either visibility or health separately or in both combined. Thus, a tax of
$5a nonth to avoid a 20% deterioration in both visibility and health woul d
pass a majority vote. For inproving air quality, median values are lower - $1
a nonth would receive a mgjority vote for changes above 20% in both visibility
and heal th.

To test whether willingness to pay responses were predictive of actua
preferences, respondents were al so asked whether they would be in favor of a
vehi cl e maintenance inspection plan which would involve a cost for autonobile
repair of at nost $61 per year (about $5 per nonth) and woul d be expected to
give a reduction of about 15%in autonobile emssions if all conplied.
Responses (Appendi x Table 12) regarding inspection were consistent with the
nedi an val ues shown in Table 2c: a mjority (in all areas except E) of
respondents would be in favor of this plan. This plan was in fact later
passed by majority vote.

To conpare average bids in Table 2 for obtaining gains and for avoiding
| osses requires conparing responses from areas with differing soci oecononic
characteristics. A better type of analysis would make adjustments for

soci oeconom ¢ and other differences. Such an analysis is given bel ow.

Bid Curve Estimation

Regression analysis was used to neasure the relation between willingness
to pay and changes in visibility and health and to deternmine the effects of
income and ot her socioeconom ¢ characteristics on bids. Separate nodels were
estimated for willingness to pay for obtaining gains and for avoiding |osses.
The sane functional formwas used for both WIP® and WTP® so that the resulting
coefficients could be conpared. The regression nodel used in each case is a

translog function, simlar to (16) and (17):
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(25) WIP = @) 1n (l+y;) + @, In (1+y,) + v 1n (It+y;) 1n (L+y,);
y, denotes a percent change in health and Yo denotes a percent change in
visibility. The terns al and @ denote marginal bids, i.e. each represents
the marginal effect on willingness to pay of a snmall percent change, in
visibility or health taken separately. The term~ tests for the effect of an
interaction between visibility and health on willingness to pay; if ¥ = 0,
then there is no interaction effect. The nodel does not include a constant
term since WIP should be zero when the percent changes in visibility and
health are zero

Both initial air quality and air quality change are conbined in the
percent change measure. Since there was correlation between the initial air
quality in an area and the subsequent changes given on the questionnaire for
exanple, area A had the best initial air quality and was al so associated wth
the largest changes, as in going fromA to E therefore, separate effects of
initial air quality and air quality change could not be identified.

Soci oeconom ¢ characteristics are assuned to affect the marginal bids a; .
Mar gi nal bi ds a; in (25) were specified to be linear functions of

soci oeconom ¢ characteristics:

(26) @y = ? @)3%15

@, = ? a2js2j

where s.. and S53 denote soci oecononic characteristics relevant for visibiity

1]
and health. Conbining (25 and (26), the regression nodel contains

nul tiplicative terms with respect to air quality changes and soci oecononic

factors. Each coefficient a;; EXpresses the effect of a single socioecononic

factor (j) on the marginal bid for health or visibility.
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Incone is hypothesized to affect the nmarginal bids for both visibility
and health. The marginal value of visibility is also hypothesized to be
affected by an individual's visibility perceptions relative to others in the
same geographic area. Systematic differences in values by geographic region
(urban/ suburban and East or West Bay market area) are accounted for by urban
and market dunmmy variables in (26). Qher variables hypothesized to affect
the marginal bids for health are the health status index, amount of cigarette
snoking, and the risk belief index.

Since air quality information given to subjects (Table 1) exhibited |ess
variation than actual conditions, the effect of inaccuracies in air quality
information were included by using separate correction terms for visibility
and heal th.

Estimation Results

Tables 3 and 4 sunmarize estimtion results for WIe® and WIP®. |n Table
3, the percent change in air quality in (25) was conpleted assunming that a
person judges air quality in terms of the percent of "good" days (WTP, o4 -
Since it is also possible that a person make judgenents in terns of the nunber
of days which are "not good", the bid curve WIP, 4 Vs also estinmated with
air quality neasured in terms of percent changes in "not good" days. In each
table, listed under "visibility" or "health" are the socioeconom c factors
which shift the marginal bids for visibility and health. Results for the two
types of air quality neasures shown in Tables 3 and 4 are consistent in terns
of sign and significance of coefficients; coefficient magnitudes differ
because the two types of air quality nmeasures differ in nmagnitude.

The coefficient for the health-visibility interaction termis positive
and significant at the 97% or 99.5% level for the "loss" models. It is

negative and significant at the 99% level for the "gains" nodels. Thus

respondents woul d pay more than the separate bid values for visibility and
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Table 3. Monthly WIlingness to Pay.?
(y; = %A good visibility days; Yo = %\ good heal th days)

Variable Qotain Gains Avoid Losses
c €
WIP" 30 WIP " 30d
VISIBILITY (ap):
PERCEPTI ONS -10. 81 -8.45
(-2.02) (-1.19)%
| NCOVE .00074 .00097
(3.54) (3.42)
URBAN -9.45 -12.39
(-.91) (-.65)
MARKET 29. 85 -6. 34
(3. 65) (-.53)
HEALTH (a,)
HEALTH STATUS .0050 .0095
(1.25) (2.64)
SMXI NG .0259 .065
(1.71) (3.93)
RI SK BELI EF 1.34 1. 6888
(1.64) (1.85)
| NCOVE .00066 .00052
(4.33) (2.69)
URBAN - -30.01
(-3.15)
MARKET 8.89 36. 42
(1.48) (4.55)
CORRECTION (Visibility) 14. 57 14.09
(3.39) (2.77)
OORRECTI ON ( Heal t h) 12.03 23. 64
(4.23) (6. 28)
| NTERACTI ON:
VISIBILITY & HEALTH (7)  -67.61 66. 57
(-2.48) (1.97)
Adj R? .0601 .1649
Sanpl e size® 571 800

2 Values in parentheses are t val ues.
Sanple size refers to the nunber of responses, not respondents.
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Tabl e 4. Monthly WIIlingness to Pay.
(y1 = %A Moderate or poor visibility days; Yo = %4 PSI2)

Variable Gbtain_&ins Avoid Losses
c e
WIP Bad WIP Bad
VISIBILITY (a ):
PERCEPTI ON& -4.67 -2.66
(-2.05) (-1.33)2
| NCOVE 00032 .00023
(3.55) (3. 84)
URBAN -2.67 -8.38
(- 60) (-1.03)
MARKET 11. 80 3.79
(3. 43) (1. 24)
HEALTH (e,
HEALTH2STATUS 0041 0024
(1.71) (2.88)
SMXI NG 0120 01843
(1.36) (4.57)
RI SK BELI EF 7687 5567
(1.61) (2.50)
| NCOVE .00038 .00014
(4.28) (3.69)
URBAN -- 23,27
(-1.38)
MARKET 7.44 4. 80
(2.03) (2.74)
OORRECTI ON (Vi si bility) 13. 97 4.15
(3.27) (.83)
OORRECTI ON ( Heal t h) 10. 51 13. 99
(3.74) (2.96)
| NTERACTI ON:
VISIBILITY & HEALTH (7)  -17.16) 5. 52
(-2.35) (2. 67)
Adj R? 0756 1580
Sanpl e size? 571 800

g Val ues in parentheses are t val ues.

Sanpl e size refers to the nunber of responses, not respondents.
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DEFI NI TI ON OF REGRESSI ON VARI ABLES

- The ratio of the respondent's perception of the nunber of good

visibility days to the average nunber of good days perceived
for the air quality area in which the respondent |ived; a

val ue less than one indicates the respondent perceives the air
to be worse than others in the area

- Annual income ($1980) of the respondent from a categorica

vari abl e.

- A dummy variabl e indicating whether the respondent lives in an

urban or suburban area (1 = urban).

- A dummy variabl e respondent indicating whether the respondent

lives in the East or West Bay (1 = West).

Heal th status index; higher values indicate worse health.

- An index of smoking; high values indicate nmore snoking

- An index of belief in health effects occurring on polluted

days; increasing values indicate increasing belief.

- Corrections needed since air quality nmeasures defined on the

survey were sonetines not the actual values for the area in
whi ch the respondent |ives; zero when no correction is needed.

- The average PSI for an area times the percent of non-healthy

(noderate, unhealthful, and very unhealthful) days.

Percent of polluted visibility daKs (days with below ten niles
of visibility and hunidity less than 70 percent).
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heal th conbined to "avoid | osses" and | ess than the separate values to "obtain
gains". Therefore, the hypothesis above is supported -- that willingness to
pay for health and visibility conbined is not the |inear conbination of
willingness to pay for each separately.

The hypothesis is also confirmed that risk perceptions may have different
effects on willingness to pay for obtaining gains than for avoiding |osses.

For health related factors, the coefficients of the health status index,
snmoking index, and risk belief index were positive and significant at the 99%
| evel for avoiding losses. That is, willingness to pay increases with worse
health, nmore smoking, and nore risk belief. The health status index was |ess
significant (95% and snoking and the risk belief index were also |ess
significant (90% for obtaining gains. Thus, health-related factors were nore
significant for avoiding |osses than for obtaining gains.

The coefficient of the visibility perception variable is negative (less
woul d be paid by those who believe air to be better) and significant (97%
level) for obtaining gains. Mrket |ocation effects on visibility bids
simlarly exhibit significance for the "gains" case but are not significant
for the "losses" case. However it is less signficant (less than 90% for
avoiding losses. Thus, opposite to the health case, perceptions about
visibility were nore significant for "gains" than for "losses".

In terns of R2

, air quality change neasured in terns of "not good" days
gave a sonewhat better fitting nodel for wllingness to pay to obtain gains
while air quality change neasured in terms of "good days" provided a better
fit for willingness to pay to avoid |losses. Thus, it is possible that
responses for obtaining gains and avoiding |osses may have different frames of

ref erence.
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Z val ues are not very high for any nodel. Consi stent with the

R
coefficient of variation results in Table 2, the regression fit was better for
the "avoid |osses" nodels than for the "obtain gains" nodels. Since bids from
the sane respondents were used for both types of questions, this suggests that
peopl e may be nore certain about willingness to pay responses for avoiding

| osses than for obtaining gains.

Eval uation of Bid Curves

The bid curves in Tables 3 and 4 were evaluated to conmpare the relative
sizes of willingness to pay bids for gains and |osses for visibility and
health separately and combined. Socioecononmic characteristics for area B were
used for this bid evaluation because it is the predonm nant population area in
the region. The magnitude of a, in (25 did not vary greatly due to
differences in socioeconom c characteristics such as income (Appendix Table 13
conpares a, values for area B with an area having different socio economc
characteristics).

Each a; approxi mates the nonthly willingness to pay value for a small change

in each air quality characteristic separately (visibility or health). For

exanpl e for WTPgoodj a; = 63.38 for area B so to avoid a 1%l oss in good
health days in area B (about 3 days), the nonthly WTPéood is $63.38 1n(1.01) =

$.63; in conparison, to obtain a 1%gain in good health days, for WTPéood,al

= $33.96 so the bhid is about $.33. Thus, for a 1% change in health quality,
willingness to pay to avoid health |losses is about twice willingness to pay to
obtain gains.

In contrast, for visibility, gains are valued higher than |osses. For a
1% change (about 3-4 days), a 1%gain (WTPS > .) has a value of 40.05 1n (1.01)

~ Good
~ $.40 whereas a 1% o0ss (WIP;_ _.) is valued at 13.34 1n (1.01) = .13,



30

To show rel ative magnitudes of conbined and separate bids for visibility
and health, willingness to pay bids are shown in Table 5 for 1, 7, and 30 day
changes predicted fromthe nodels shown in Tables 3 and 4. The effect of the
interaction term when changes in both visibility and health occur, is to
change the sum of the separate bids for visibility and health by about ten
percent, with an increase for Wwrp® and a decrease for WrpC®.

Conparing WTPgood and WTPéood, the separate bid value for avoiding health
| osses for all indicated health day changes is roughly tw ce the value for
obtaining health gains. For visibility separately, WIP® exceeds WTP® using
either the "Good" or "Bad" frame of reference.

For health and visibility conbined and the "Good" frane, the value of
avoi ding | osses exceeds the value of obtaining gains but, because of the
offsetting visibility effect and the interaction term there is |less
difference in magni tude of wreg . and WIB;_ . for the conbined bid than for
the health bid alone. For WIP®, both "Bad" and "Good" franes gave results of
sinmlar nagnitude. For WP, quite different results for health were obtained
from"Bad" and "Good" nodels. Since the predicted health bid WTP;ad for

thirty days ($13.23) is large relative to the average of actual responses for
c

Bad
g hodel predicted a conbined bid for thirty days

a larger nunber of days in Table 2a, the estimted WIP nmodel does not

. c
predict well. The WIP: o

($6.93) consistent with the magnitude of the average responses.
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Table 5. Predicted Mnthly Bid Values for WIlingness to Pay (Area B,
West Bay Suburban).

Change in Nunber of Days

Visibility Heal th Conbi ned
1 z 30 1 z 30 1z 30
e
WIPGo0a .05 .34 1.43 21 1.50 6.15 26 1.88 8.27
WTPe .07 .53 2.05 .22 1.49 7.06 .30 2.06 9.76
Bad
(o
WIPc 0d .15 1.04 4.34 11 .80 3.30 26 1.81 6.93
(o4
WIPg.a .16 1.11 4.30 .39 2.55 10.69 .55 3.53 13.23
WTPeGOOd = Avoid loss of good health and good visibility days.

WTPCGood = (btain increase in good health and good visibility days.

WTPeBad = Avoid increase in polluted days; visibility nmeasured as

moderate or poor days, health as noderate days.

c

WIP g 4 = Ootain reduction in polluted days; visibility nmeasured as

moderate or poor days, health as noderate days.
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Concl usi ons

The purpose of this research was to test for differences between
willingness to pay to obtain gains (wIP®) and willingness to pay to avoid
| osses (WTP®) for visibility and health using a contingent valuation approach.
Conparing average bids and conbining health and visibility changes,
willingness to pay to avoid |losses was generally higher than to obtain gains.

To separate the effects of health and visibility changes, and their
interaction with socioeconomc factors, bids for both types of willingness to
pay were simlarly estimated as functions of air quality, perceptions and
risk beliefs, health status, and socioeconom c characteristics. For health
separately, wllingness to pay to avoid |osses was approximately tw ce as
large as willingness to pay to obtain gains. The conbined bid for health and
visibility showed a snmaller difference: for a change of thirty days of good
air quality, the difference between bid values for gains and |osses was only
about 16% This smaller difference for the conbined bid is explained by the
finding of an interaction effect between visibility and health and the finding
that Wwrp® did not exceed WTP® for visibility separately.

Finding valuation differences for health and visibility does not
contradict the theory of bid functions that was presented here. Theory showed
that the size relationship between willingness to pay to avoid |osses and
willingness to pay to obtain gains is deternmned by whether a nonmarket good
Is a conplenent or a substitute for incone. Therefore, from enpirica
results, wvisibility and income are substitute goods whereas health and income
are conpl ementary goods.

Perceptions related to health and visibility did not affect gain and | oss
model s with the same significance. Visibility perceptions were significant
for gains nodels but were not significant for |oss nodels. Health risk

beliefs were nore significant for |oss nodels than for gains nodels; health
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status showed a simlar pattern. These results are consistent with our theory
of bid functions with risk included. This theory also explains why inproved
health status woul d reduce willingness to pay, as was observed here.

Anot her indication that responses differ for gains and |osses is based
on variability of response: R? was greater and coefficient of variation was
| ower for willingness to pay for avoiding |osses conpared to obtaining gains.

2 val ues

Also, framng may be different for the two types of neasures. R
indicate that willingness to pay for avoiding |osses may be framed in terns of
t he perceived nunber of good days of air quality whereas willingness to pay
for obtaining gains may be franed in terms of the perceived nunber of bad
days.

Wiile our results for health and visibility conbined are consistent with
the conjecture by Kahneman and Tversky and others that |osses are valued nore
highly than gains, our results go beyond testing this conjecture. The
findings that the processes for valuing gains and |osses are different, and
that there are differences in the treatnent of visibility and health as
econom ¢ goods, are perhaps nore interesting than finding size differences
Identification of these effects was made possible by the use of contingent
valuation cross-sectional data. Since testing these effects requires
conbi ni ng concepts of econom cs and psychol ogy, there is a clear need for

more cooperation between econom sts and psychol ogists to test such effects

nmore fully.
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Appendi x A

Definitions Gven to Respondents:
Health Effects Related to Air Quality
PSI Level Likelihood of Effects
of Alr Quality Health Effects and Limtations
Cood No health effects None
Moder at e Eye irritation Affects few persons
Unheal t hf ul Eye irritation Affects some persons

Breat hi ng probl ens

Persons wth
shoul d reduce physical activity

Very Unheal t hf ul

Eye irritation
Breat hi ng probl ens
Coughi ng

Headaches

Reduced al ertness

Affects nost persons

Children, elderly, and persons
with lung or heart disease
shoul d stay indoors and reduce
physi cal activity

Hazar dous

Eye irritation
Breat hi ng probl ens
Coughi ng

Headaches

Reduced al ertness
Nausea

Possi bl e premature
death for ill

Affects al nobst everyone
Children, elderly, and persons
with lung or heart disease
shoul d stay indoors and avoid
physical activity. Ceneral
popul ation shoul d avoid outdoor
activity.

ung or heart disease
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Appendi x_B:  Form of WP _Questions

Air quality in the Bay Area could become better or worse depending on
whet her we undertake certain actions. Suppose we coul d |nﬁrove air quality
but it would cost noney. W might pay a nmonthly bill to the Bay Area Air
Qual ity managenent District to inprove air quallty inall areas. \Wat woul d
you be WI||II’1% to pay per nonth to keep the area here - as it is shown on card

rom becoming like that in area E (which is the worse air quality
in the Bay Region). Card G here gives you sone ideas of anounts, but you can
choose any dollar amunt you wi sh. (PUT RESPONDENT' S AREA CARD AND CARD X
SIDE BY SIDE AND PO NT QUT SIM LARI TIES AND DI FFERENCES. )

I'd like you to make 3 assunptions when you do this. First, assume that
you could not avoid the issue by nmoving away from here. Second, assune that
everyone in the Bay Area would contribute to achieving air quallty
i mprovenents.  Third, assune that inprovenents would occur in all areas of the
Bay Region.

(FOR AREA A1) Here is an area that has better air quality than here.
(PC] NT QUT SIMLARI TIES AND DI FFERENCES) What woul d you pay per nonth to
inprove the air fromwhat it is nowto what is shown on this card? (REPEAT
FOR AREAS D, B, AND C ASKING HOW MUCH YOU PAY TO | MPROVE, LIKE BETTER CARD, OR
KEEP FROM BEI NG LI KE WORSE CARD, AS APPROPR ATE) .

Area $ Paynent per Mnth
A

B
C
D
E

Ve would Iike to know what you would pay to prevent the air quality from
becoming worse than it is in any area in the Bay Area today. Here is another
card (HAND RESPONDENT CARD F) which shows you the air quality for an area
outside the Bay Area. Please tell ne how nuch you would pay to keep your city
from becomng |ike Area F.

CARD G
HOW MUCH YOU WOULD PAY PER MONTH:
01 $0 06  $30 11 $80
02 §$1 07  $40 12 $90
03 $5 08  $50 13 $100
04  $10 09 $60 14 More than $100

05  $20 10 $70
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Appendi x Table 1. Socioeconomc Characteristics by Area.

Nunber of Respondents by Area

A B c b E
Vst Bay
Subur ban 10 40 21 50 60
Ur ban 30
East Bay
Subur ban 60 50 51
Ur ban 40
All Areas 10 170 71 101 60
Proportion
in Sanpl e .02 41 17 .25 .15
in Popul ation .02 .46 11 .23 .18

Average I ncone by Area from Survey Responses ($1,000)

A B c D E
West Bay
Subur ban 34 29 35 26 27
Ur ban 25
East Bay
Subur ban 23 29 25
Ur ban 18

Aver age 34 24 31 25 27

412
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Appendi x Table 2. Visibility By Airport Visibility Site and

Category.

Airport % Non- Pol | ut ed % Mbder at e % Poor
Visibility Visibility Visibility Visibility
Site Days Days Days

1977 1978 1977 1978 1977 1978

Travis A F.B.,

Fairfield 90.6 89.9 5.0 6.0 4.4 4.1
Cakl and Airport,

Cakl and 80. 8 76. 8 14.7 16. 4 4.5 6.8
San Francisco Airport,

M1 brae 77.4 74.5 18.5 18.2 4.1 7.2
Moffet Field,

Sunnyval e 37.0 51.2 48. 4 37.5 14.6 11.3
#Non-Polluted Days Days with visibility greater than 10 mles when

the relative humdity was less than 70 percent.

Moder at e Days DaP/s with visibility greater than or equal to 6
mles, but [ess than or equal to 10 mles when
the relative humdity was |less than 70 percent.

Poor Days Days with visibility less than 6 mles when the
relative humdity was |ess than 70 percent.

bTot al of noderate and poor visibility days correspond to days exceedi ng

the state visibility standard.
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Appendi x Table 3. Health Definitioms.?

PSI Qzone (O Carbon Monoxi de (CO
Desi gnation 1 Hour ﬁ)ag(.ppm (ppm 8 Hour Max.
Good Day .00-.06 0.0-4.5
Moder at e Day .07-.12 4.6-9.0
Unheal t hful Day . 13-.19 9.1-14.8
Very Unheal t hf ul

Day . 20-. 40 14.9-29.6
Hazar dous Day greater than greater than

.40 29.6

Total Suspended
Partigulate (TSP)
(ug/m°)y 24 FHour Max.

00-75
76- 259
260- 374

375-624

greater than
624

®Based on Pollutants Standard Index (PSI) as defined by the E P. A
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Appendi x Table 4. Average® Air Quality by Area

A B

Vést Bay A B C D _E
Suburbag

PSI2 6.4 9.2 11.3 15.7 33. 27

PCTVIS® 9.7 24.0 9.7 34. 4 34. 4
Ur ban

PSI 2 6.6

PCTVI S 24.0
East Bay
Subur ban

PSI 2 7.8 16. 8 19. 4

PCTVI S 21.2 9.7 21.2
Ur ban

PSI 2 59

PCTVI S 21.2

& Average is conputed fromcity val ues wei ghted by popul ation.

® 'ps” i ndex meighted by percent of nongood days
€ Percent of noderate or poor visibility days.

Appendi x Table 5. Percent Changes in Air Quality Corresponding to
Wl lingness to Pay Questions.

Change To
Erom A B < D _E F
A -2o§ 0 -20 -20 -38
0 -21 -21 -35 -45
B +25 . +25 0 0 -23
0 . -21 -21 -35 - 45
_C 0 -20 . -20 -20 -38
+27 +27 . 0 -18 -31
D +25 0 +25 . 0 -23
+27 +27 0 . -18 -31
E +25 0 +25 0 . -23
+54 +54 +21 +21 . -16

2 Percent change in visually "non-polluted days; "+" denotes change to a
b better air quality and "-" denotes change to a worse air quality.
Percent change in health "good days"; "+" denotes a change to a better

air quality and "-" a worse air quality.
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Appendi x Table 6. Percent Rating Air Quality Generally Good or Excellent,

by Area.
Vst Bay £ < -2 £
Suburban 90 82 90 62 22
Ur ban 70
East Bay
Subur ban 66 42 49
Ur ban 50
Aver age 90 67 56 55 22 56

Appendi x Table 7. Percent Rating Air Quality As Needing |nprovenent, by Area.

A B C D _E_
West Bay
Subur ban 50 35 52 58 85
Ur ban 40
East Bay
Subur ban 53 68 61
Ur ban 77

Aver age 50 52 63 59 85 61
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Appendi x Table 8. Average Nunber of Days Per Year Rated Not Visually Polluted,

by Area.
A B C D _E

Vst Bay

Suburban 268 225 247 149 122

Ur ban 163
East Bay

Subur ban 168 193 154

Ur ban 163
Aver age 268 179 209 152 122 171

Appendi x Table 9. Average Nunmber of Days Per Year Rated As Poor Visibility,

by Area.
_A B C D _E_

Vst Bay

Subur ban 25 35 23 69 90

Ur ban 77
East Bay

Subur ban 38 46 68

Ur ban 72

Aver age 25 52 39 69 90 59



Appendi x Tabl e 10.
A

West Bay
Suburban 212
Ur ban

East Bay
Subur ban

Ur ban
Average 212

Appendi x Table 11.

A
West Bay
Subur ban 2.4
Ur ban
East Bay
Subur ban

Ur ban
Aver age 2.4
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Average ||l ness Index By Area.

B

219
251

315
547
336

C

217

452

382

D E
318 508
385

352 508

Average Risk Belief Index By Area

2.1
3.0
2.4

2.4

4.4

3.8

D _E_
2.7 2.9
3.0

2.9 2.9

370

2.8
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Appendi x Table 12  Percent In Favor of Vehicle Maintenance/lnspection Plan

A B C D E
West Bay
Subur ban 90 50 71 70 47
Ur ban 67
East Bay
Subur ban 62 76 49
Ur ban 72

Aver age 90 62 75 59 47 62
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Appendi x Table 13.  Conparison of Mdel Coefficients for Two CGeographic Areas

Coeffi ci ent Area B Area E
Visibility
ai Good 13. 34 11. 40
C
] Good 40. 50 39. 02
e
@] Bag 7.80 7.37
ai Bad 16. 41 15. 77
Heal th
e
%5 Good 63. 38 64. 30
[
5 Good 33.96 34.78
e 12.29 12. 58
aZ,Bad ' '
c
) Bag 21.82 22.77

- value in cents of 1% change in visibility alone
@, - value in cents of 1% change in health al one
"e", "c" denote equivalent and conpensating variation bid neasures

"G', "B' denote "good" and "not good" air quality neasures.



