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CHAPTER 1

| NTRODUCTI ON AND SUMVARY

This report presents estimates of the dollar benefits of reducing
synptons of exposure to ozone. These estimates are submtted as part of a
| arger, ongoing study of norbidity ozone relationships. CGerking et al.
(1984) contains an estinmate of the geographic distribution of benefits of
ozone reduction as well as an epideni ol ogi cal discussion of synptons and
health effects of ozone exposure. Future reports will estimate benefits of
ozone control and explore methods used to value synptons in greater depth.
More specifically, benefits of ozone reduction will be based on mnedica
demand equations presented in this report (see Chapter 6) and can be
submitted within fifteen to thirty days. The further exploration of
synmpt om val uati on nethods will be based on new data presently being
collected in Los Angeles. These data will be analyzed during the renaining
months of 1986

Several previous research efforts aimed at estimating dollar health
benefits of reducing ozone |evels have focused mainly on neasures of
illness. Forexample, Gerking and Stanley (1986) exam ned the connection
between the health of St. Louis residents, the ozone levels they face, and
their consunption of nedical care. Additionally, Portney and Millahy

(1983) analyzed the inpact of ozone on health neasures including restricted



activity days, bed disability days, and work |oss days among respondents in
the 1979 national Health Interview Survey. Studies of this nature,
however, do not explicitly consider health benefits arising from reductions
in subclinical or mnor synptomatic disconforts of ozone. Reducing these
disconforts, which include headache, throat irritation, cough, and chest
pain, is a potentially large source of benefits for three interrelated
reasons. First, as discussed nore fully in Gerking et al. (1984), minor
symptomatic disconforts can occur even in healthy adults at anbient ozone
| evel s bel ow the present federal standard of 12 pphm  Second, even though
these disconforts are less serious than diseases such as asthm, enphysems,
and chronic bronchitis, they do cause individuals to limt activities.
Third, these disconforts and activity limtations are experienced by a

| arge share of the exposed population. As a consequence, W llingness to
pay to avoid them may be substantial and should be taken into account in
the regulatory inpact assessment process.

Two nethods previously have been used to estimate benefits of reducing
heal th synptons associated with ozone exposure: (1) the cost of illness
method (CA) and (2) the contingent valuation nethod (CV™M). The CO has
been applied both formally and informally by academ ci ans and policymakers
alike to estimate the direct and indirect expenditures required for synptom
relief. As discussed in Chapter 2, exanples of costs considered by this
met hod i ncl ude nedi cal expenses and inconme foregone due to work loss. A
fundamental criticismof the cost of illness approach, however, is that it
does not correctly measure willingness to pay (WP) to avoid synptomns.
Barrington and Portney (1982) and Berger et al. (1985) argue that WP

general |y exceeds CO estinates because the latter accounts neither for the



disutility effects of synmptons (i.e., “pain and suffering”) nor for
def ensi ve expenditures for goods other than nedical care. Consequently,
the CYVM in which individuals are asked directly for their willingness to
pay to avoid synptons, has received attention.

CVM estimates of WIP to avoid ozone rel ated synptons were obtained by
Geen et al. (1978) and Berger et al. (1985). Table 1.1 presents exanple
findings fromthe Berger study. In particular, synptons are listed in the
first colum and mean CVM bids to avoid these synptons for one day are
presented in the second colum. These estimates inply that if the average
i ndi vi dual experienced each of these synptoms 10 days per year, he would be

willing to pay $5335.50 annually to obtain conplete relief.

TABLE 1.1. CVM BIDS TO AVO D OZONE RELATED SYMPTOMS FOR ONE DAY

Synmpt om Mean Daily WP
Coughi ng Spells $105. 34
Stuffed Up Sinuses $ 38.84
Throat Congestion $ 43.93
Headache $173.21
I'tching Eyes $172. 23

SOURCE: Berger et al. (1985)

This study estimates daily WIP to avoid ozone related synptons using a
new net hodol ogy, the averting behavior nethod (ABM. The ABM which is
based on an explicit nodel of consuner choice, yields estimtes of WP that
are substantially lower than those obtained fromthe CYM  The nodel has
two key features. First, good health is a direct source of satisfaction to
the individual. Thus, the nethod can account for the disutility from

3



experiencing synptoms.  Second, individuals engage in averting activities
in order to reduce the probability of synptom occurrence. Those

adj ustments, which include spending | ess time outdoors, driving an air
condi tioned autonobile, using air conditioning and air purifying systems in
t he home, and cooking with electricity rather than gas, formthe basis for
the WIP calculations. In the sinplest version of the nodel, where only one

synptom i s considered, nmarginal WP for synptom avoidance is

(nl.ﬂ
e |-

WIP =

In equation (1), qidenotes the full (time inclusive) price of the ith
averting activity and Si denotes the marginal product of the ith averting
activity in reducing the synptom In other words, marginal WP equals the

mar gi nal cost of synptom avoi dance. The derivation of this equation is
presented in Chapter 2. Estinmating WIP in nore conplex situations where
nmultiple synptons and nultiple averting activities are present is
considered in Chapter 3.

Data used to estinmate WIP for synptom avoi dance were collected from
229 residents of dendora and Burbank. These individuals, who previously
participated in the UCLA study Chronic Obstructive Respiratory Disease
(CORD) (Detels et al. 1979, 1981) were contacted an average of just under
four times apiece over the period July through Decenber, 1985. Synpt om
experiences, health neasures, and information on averting activities were
obtained for the two days preceding the contact. The sanple was stratified
so that approximately 30percent of the observations were obtained from

i ndividuals with physician diagnosed asthma, bronchitis, enmphysema, or



other respiratory disease. As a consequence, separate WP estimtes can be
obtained for individuals with normal respiratory function and for those
whose respiratory function is inpaired. Daily air pollution neasures on
sul fur dioxide, oxides of nitrogen, and ozone, obtained fromthe South
Coast Air Quality Managenent District, were nmerged with the information on
synptoms and averting activities to conplete the data set. Sanmpl ing and
data collection are discussed nmore fully in Chapter 4.

To estinate theSi ternms in equation (l), production functions were
estimated for nine synptons, listed in the first colums of Tables 1.2 and
1.3, that have been linked to ozone exposure in prior epideniologica
research (Tashkin et al., 1983). The econometric procedure conbined a
limted dependent variables approach in a simltaneous equations framework
A limted dependent variables npdel, logit, was applied because the
vari abl es measuring synptons were binary dummes. A simultaneous equations
framewor k was necessary because many averting activities are jointly
determned with synptons. For exanple, nedical treatnent may alleviate
synptons, but the onset of synptoms nay pronpt individuals to seek nedica
treatment. Chapter 5 discusses estimation procedures in greater detail

Cal cul ations of WIP to avoid one day’'s experience with particul ar
symptons, considered at length in Chapter 7, were obtained by conbining
esti mates of Si with direct data on the costs of averting activities.
These cal cul ations, shown in Tables 1.2 and 1.3, pertain to persons wth
nornmal respiratory function and those with inpaired respiratory function
In these tables, the first colum on the left hand side lists synptons of
ozone exposure and the second colum lists the averting activity (or

activities) used in the marginal product and price calculations. As shown,



TABLE 1.2. AVERTING BEHAVI OR AND WI'P:  NORVAL SUBSAMPLE SI MULTANEQUS
EQUATI ON ESTI MATES

Change in Expected WTP per
Averting Probability Symptom-Days Symptom-Day
Symptom Good of Symptom Avoided Avoided
Could Not
Breathe Deep ---a ---a ---a ---a
Pain on Deep
Inhalation GASCOOK* .0079 2.88 $29.12
Out of Breath
Easily ---a ---a ---2 ---a
Wheezing/
Whistling Breath ---2 ---a ---a ---8
Chest Tight ACCAR*** .0116 4.25 $35.76
Cough ACCAR*** .0287 10.47 $14.18
GASCOOK*** .0866 31.63 $2.66
Throat
Irritation ACCAR*** .0291 10.63 $14.30
Sinus Pain ACCAR*** .0300 10.94 $13.89
Headache ACCAR* .0211 7.69 $19.77

‘No coefficients of averting goods were correctly signed and statistically significant at
10 percent using a one-tail test in symptom production function.

*Denotes coefficient significant at .01 (one-tail) in symptom production function.
*%
Denotes coefficient significant at .05 (one-tail) in symptom production function.

* % %
Denotes coefficient significant at .10 (one-tail) in symptom production function.



TABLE 1. 3.

AVERTI NG BEHAVI OR AND WIP:

| MPAI RED SUBSAMPLE
SI MULTANEQUS EQUATI ON ESTI MATES

Change in Expected WTP per
Averting Probability Symptom-Days Symptom-Day
Symptom Good of Symptom Avoided Avoided
Could Not
Breathe Deep GASCOOK** .0908 33.14 $2.53
Pain on Deep
Inhalation ACCAR* .0258 9.41 $16.15
Out of Breath
Easily GASCOOK*** .0954 34.82 $2.41
Wheezing/ GASCOOK** .0781 28.51 $2.94
Whistling Breath ACHOME*** .0677 24.70 $16.80
Chest Tight ACHOME* .0476 17.38 $23.87
ACCAR* .0709 25.88 $5.87
GASCOOK™*** .2376 86.71 $0.97
Cough ACCAR* .0536 19.56 $7.77
Throat
Irritation ACCAR** .0685 24.99 $6.08
Sinus Pain ACHOME** .0505 18.45 $22.49
Headache ACHOME* .0629 22.96 $18.07
APHOME* .0634 23.41 $5.21

*

Denotes coefficient significant at

* %

Denotes coefficient significant at

*k%

Denotes coefficient significant at

.01 (one-tail) in symptom production function.

.05 (one-tail) in symptom production

.10 (one-tail)

function.

in symptom production function.



the four averting activities used are: (1) autonobile air conditioning
(ACCAR), (2) home air conditioning (ACHOVE), (3) honme air purifier
(APHOME), and (4) switching from gas to electric cooking (GASCOOK). The
third colum fromthe left gives the change in daily probability of synptom
occurrence as the averting good is enployed; and in the fourth colum, the
daily probability change is multiplied by 365 to obtain the expected nunber
of days per year the synptom would be avoi ded. Dividing the expected
nunber of synptom days avoided into annualized full prices for the averting
good yields the WIP per synptomday avoi ded.

Before considering the WIP estinmates in detail, four qualifications
should be nmade explicit. These qualifications inply that the WIP figures
are not precise and instead should be regarded as order-of-nmagnitude
estimates. First, the estimates are based on estimted |ogistic regression
coefficients. These coefficients have a probability distribution and,
consequently, the true paraneters which deternmine the productivity of the
averting goods are measured subject to error. Second, construction of
annual i zed full prices for the averting goods is arbitrary to sone extent
because particul ar values were chosen to approxinate retail sales price,
mai nt enance costs, interest rates, length of life and scrap values. Third,
the four averting goods analyzed may provide direct utility; thus,
cal cul ations of WIP to avoid synptons are upper bound estimates. Fourt h,
the estinmates presented are based on frequency of synptons. Synpt om
intensity, which may differ between the normal and inpaired groups, is a
difficult dinension to add to the analysis and may be a useful area for

further research.



Table 1.2 shows that the WIP estinates for the normal subsanple range
from $2.66 to avoid one day of cough to $35.76 to avoid one day of chest
tightness. Four of the WP estimates cluster in the range from $13.89 to
$19.77. Two WP estimtes, based on GASCOOK and ACCAR, were calculated for
cough. These estimates are $2.66 and $14.18, respectively. The reason for
this difference is that, GASCOX is three times nore productive than ACCAR
in elimnating days of coughing (see colum 4, Table 1.2) and the cost of
switching fromgas to electric cooking is |lower than the cost of an
autorobile air conditioner. Al so, WIP was not calculated for three
synptoms, could not breathe deep, out of breath easily, and
wheezi ng/ whi stling breath due to poor performance of all averting behavior
variables in the estimated SPFs. As shown in Table 4.2 in Chapter 4,
however, these synptons were present in |less than 3.5 percent of the
observations in this subsanple; consequently, there is little variation in
t he dependent variables for the averting behaviors to explain.

WP estimates calculated for the inpaired subsanple for each of the
nine synptons range from $0.97 to $23.87. These two estimtes both pertain
to chest tightness and are based on GASCOOK and ACHOVE, respectively. Two
or nore averting behaviors also were used to calculate WIP for the synptons
wheezi ng/ whi stling breath and headache. In Table 1.3, WP estinmates tend
to be | owest when based on GASCOK and hi ghest when based on ACHOME. This
outcome reflects both the productivity of each good in elimnating synptom
days as well as their full prices

The WP estinmates can be better understood by conparing the results
for the normal subsample with those for the inpaired subsanple. Not i ce

that normal individuals tend to be willing to pay nore than inpaired



individuals to avoid a day’s experience of a particular synptom Thi s
result is nost striking in cases where the same averting good is used to
calculate WIP for avoiding a particular symptom in both the normal and
i mpai red subsanples (i.e., conpare the WIP estimtes based on ACCAR for
chest tight, cough, and throat irritation). The explanation for this
outcome lies in the relationship between the logistic functional form
chosen for the SPFs, the inplied marginal cost schedule for synptom day
reduction, and the difference in synptom frequency in the normal and
i mpaired subsanpl es. These concepts are illustrated in Figures 1.1 and
1.2

Figure 1.1 shows logistic cunulative distribution functions for
synpt om avoi dance in nornmal and inpaired individuals. In particular, the
vertical axis shows the daily probability of avoiding a synptom and the
hori zontal axis neasures the quantity of inputs enployed in synmptom
reduction. The curve for the normal individuals |ies above the curve for
the inpaired individuals. Thus, for given quantities of inputs devoted to
synmptom reduction, inpaired individuals have a greater probability of
sympt om occurrence. Al so, each cumulative distribution function takes the
ogi ve shape often assunmed to hold for biological dose response functions.
Mat henatically, this ogive shape is quasi-concave and is the curvature
required for econom ¢ production functions

Assuming that all individuals face the same prices, logistic SPFs
imply marginal cost schedules of the form shown in Figure 1.2. Because the
inmpaired group has inferior SPFs, its marginal cost schedule lies above
those for the normal group. Additionally, Figure 1.2 illustrates a typica

situation in which the nornmal group experiences synptoms |ess frequently

10
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than the inpaired group. (Table 4.2 in Chapter 4 shows that this
relationship holds for all nine synptons analyzed.) TLetting PI and PN
denote the probabilities of not experiencing a synptomon a given day anong
i npaired and nornal group nmenbers, then PN > Pp. If PN > Prs then normal
group nmenbers are operating on nore steeply sloped portions of their
mar gi nal cost schedules than are inpaired group nenbers. Al ternatively
stated, averting goods are nore productive in reducing synptom days for

i mpaired group nenbers than for normal group menbers. In the enpirical
analysis this outcome is easily seen by conparing the fourth colums of
Tables 1.2 and 1.3. Expected synptom days avoided are uniformy higher for
the inpaired group than the normal group. Thus, willingness to pay to
avoi d one synptomday is generally higher for the nornal group nenbers than
for impaired group members (i.e., MCN = WTPN > MCI = WTPI).

To this point, the discussion has focused on narginal wllingness to
pay to avoid one day of synptom experience. WTPI < WTPN because inpaired
group nenbers experience synptons nore frequently and therefore have nore
symptom days that can be elimnated by taking averting action. This
result, however, does not inply that the total wllingness to pay to avoid
symptoms is larger for normal group nmenbers than for inpaired group
menber s. To appreciate this distinction, first notice that the total
willingness to pay to elimnate a synptomentirely would be infinite for
both groups. The logistic SPFs inply that the probability of not
experiencing a synptomis driven to unity only asynptotically.
Consequently, the area under both marginal cost schedules between an

arbitrary lower limt (O< P < 1) and the upper linmt P = 1 wuld be

infinite. Next, consider a hypothetical synptom experienced by the two

13



groups with equal frequency; for example, P,= P,= .95. The total WP for
increasing P and p,to, say, .98 would be unanbiguously [arger for the
impaired group than for the normal group. This total WP calculation would
nmeasure the area under the two marginal cost schedul es between P = ,95 and
P = .98. Because the marginal cost schedule for the inpaired group lies
above the correspondi ng schedule for the normal group, the area under the
former marginal cost schedule exceeds that for the latter.

Cal cul ations of total WP for the two groups could be nmade for each
symptom using the SPF estinmates presented in this chapter. Using the sane
upper and lower limts, the areas under inpaired and normal narginal cost
schedul es could be evaluated. This conparison, however, could be highly
msleading if the limts |lie outside the range of observations for either
group. A check of the SPFs reveals that this situation would arise for all
nine symptons. As a consequence, total WP estimtes were not cal cul ated.

A further perspective on the WP estinates presented in Tables 1.2 and
1.3 can be obtained by exam ning the contingent valuation bids in Table
1.4. In addition to the informati on needed to inplement the ABM the data
collection instrunents used in this study also asked directly for
respondent’s WIP to avoid one day’'s experience with ozone rel ated and ot her
synpt oms. Bids were obtained only from respondents who reported having
experienced the synmptom with the previous 48 hours. Consequently, bids are
linked to specific, recent events that are fresh in respondent’s m nds.

As shown by conparing the figures in Table 1.4 with those in Tables
1.2 and 1.3, the CYM bids for avoiding synptoms always are |arger than
those obtained with the ABM Certain CVYM bids exceed their ABM

counterparts by a factor 10 or nore. Also, in contrast to the ABM
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TABLE 1.4. CVM ESTI MATES OF WIP FOR AVO DI NG SYMPTOMS FOR ONE DAY

Nor nal | npai red

Synpt om Mean Bid Mean Bid
Could not Breath Deep $ 32 $271
Pain on Deep Inhalation $ 42 $194
Qut of Breath Easily $256 $374
\Weezi ng/ Wii stling Breath $ 12 $334
Chest Ti ght $204 $198
Cough $140 $205
Throat Irritation $ 45 $213
Sinus Pain $ 97 $239
Headache $126 $154
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estimates, the CVM bids from inpaired individuals exceed those elicited
from normal individuals. A conplete explanation of the large discrepancies
between the C/M and ABM results will require further research.
Nevert hel ess, speculation a to reasons underlying this outcone still is
possible. One factor that may have contributed to the order of magnitude
di fferences between ABM and CVM WIP estimates is that the forner is based
on revealed preferences whereas the latter is based on expressed
preferences. Preferences can he expressed at zero cost; consequently, they
may be a less reliable guide in estimating WIP for avoiding synptons. A
second factor is that the CYM bids are biased upward. As explained in
Chapter 2, use of Heckman's (1979) technique to correct for sanple
sel ection bias may reduce estimtes of the mean CYM bids. Additionally,
since this technique adjusts for the probability that the synptom occurs,
it could reverse the ordering of the CVM estimates of WP between the
normal and inpaired groups. Third, in answering the contingent valuation
question, respondents may have been bidding to avoid nore than one day’s
experience with a synptom The data collection instruments asked
explicitly for bids to avoid a synptom for one day. Yet some respondents
still may have bid to avoid synptonms for |onger periods of time. Fourth,
the conparatively large mean values in CVM responses often are due to very
| arge bids given by a few respondents. Trimming the CVM bids by
elimnating 2.5 percent of the bids in each tail of the bid distribution
often produce very large reductions in the mean bid.

Fifth, large CVM bids may have been given by respondents who have been
troubled by a synptom but have not found a renedy or averting action that

is effective in relieving it. Consider, for exanple, a business executive
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who experiences a particularly nagging headache and cannot obtain nuch
relief using known pain nedications. As indicated in equation (l), WP
woul d be large in this case because of the | ow marginal product of averting
actions. Alternatively stated, this individual’s only renmedy nay be to
stay hone and rest; a costly option if inportant business is to be
conduct ed. In any event, the relationship between possible averting
activities and the size of CYM bids will be explored in ongoing research
that already is underway. Until this research is conpleted, however, use

of the | ower ABM synptom val ue estimates is reconmended for policy

pur poses.
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CHAPTER 2

AR PCLLUTION, EPIDEM CLOGY, AND ECONOM CS: A SURVEY

2.1 | NTRODUCTI ON

Estimati ng human health benefits from reduced air pollution is
i nportant both to policymakers and academ cs. From a policy perspective
the Clean Air Act and its subsequent amendnments direct the USEPA to
establish primary standards to protect human health, with special enphasis
on the health of particularly sensitive population groups. Additionally,
Executive Order #12291 requires Regulatory Inpact Assessments of mmjor
federal rules and regulations, nmneking benefit-cost analysis of health
oriented standards an inportant practical issue. From an acadeni c
vi ewpoi nt, valuation of inproved health and ot her nonmarket commodities is
a key aspect of applied welfare and environmental economics. Yet, unti
recently, methods used to conpute benefits of reduced norbidity and
nortality often have not been based on a measure of wllingness to pay. As
a consequence, there now is considerable interest in developing
theoretically defensible and enpirically feasible nethods for valuing these
benefits.

These two sources of interest in estimating the benefits of inproved
heal th have notivated a consi derabl e volune of research. Rel atively nore
research has been devoted to the nortality effects of air pollution and,
more generally, to estimating the “value of life.” One reason for this

emphasis is that death is nore easily measured than illness or injury.



Death is a one dinensional event, while there are varying degrees of
illness and injury. However, benefits of reduced nmorbidity are equally
important to obtain in light of the need to evaluate the renoval of
nonfatal hazards.

This chapter critically reviews nethods for estimting benefits of
reduced norbidity. A corresponding recent survey of methods for estimating
the marginal value of safety or “value of life” may be found in Fisher,
Chestnut, and Violette (1986). Additionally, a somewhat older but still
hi ghly useful survey of norbidity benefit estimation has been prepared by
Chestnut and Violette (1984). This review of norbidity benefit estimation
focuses on three methods. Section 2.2 surveys the cost of illness nethod
and Section 2.3 surveys the contingent valuation nethod. The averting
behavi or nethod is discussed in Section 2.4. As indicated in chapter 1,
devel oping the averting behavior nethod is the nmjor focus of this
research; consequently, averting behavior is treated nore conprehensively

than the other two nethods. Conclusions are presented in Section 2.5.

2.2 THE COST OF | LLNESS METHOD
The cost of illness (CO) nmethod nmeasures the total econom c cost

whi ch norbidity inposes on society and does not estimate wllingness to pay
(WP).  This total cost Is defined as the sum of direct and indirect costs.
Direct costs neasure the value of resources devoted to the treatment of
illness including (1) hospital care, (2) nursing hone care, (3) hone health
care, (4) services of physicians, dentists, and other health specialists,
(5) drugs, and (6) eye glasses. I ndirect costs neasure the value of |ost
productivity due to illness. Indirect costs usually are estinmated by the

wage nmultiplied by the time lost fromwork, often with sone adjustment for
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t he val ue of honemaker services. Losses associated with disutility of
illness, such as for pain and suffering, are not included in cost of
i1l ness estimates.

Total costs nmay be estimated on either a preval ence or an incidence
basis. The preval ence of a disease is the nunber of existing cases of the
disease in a given time period. Preval ence based costs, then, are al
costs associated with all cases of the disease in that time period. The
incidence of a disease is the nunber of new cases of the disease that occur
in a given tine period. I nci dence based costs are all discounted costs
associated with new cases of the disease, fromthe onset of illness until
recovery or death occurs. Prevalence and incidence are nearly identica
for short termillnesses, such as the minor synptons which are the focus of
this research.

Hartunian et al. (1980) argue that preval ence based costs are nore
rel evant for analyzing progranms that woul d reduce the severity of existing
cases of disease, while incidence based costs should be used for prograns
that involved prevention of additional cases of disease. As Chestnut and
Violette (1984) point out, air pollution may be associated both with
increased severity of existing diseases and increased incidence of illness
Thus, both preval ence and incidence based costs are relevant to pollution
control questions. Preval ence-based costs are nore available, however, and
hence are used nore often in CO studies

To use the CO to value the inpact of air pollution on norbidity, a
two-step procedure often is enployed. In the first step, the margina
effect of air pollution on health is derived from a physical damage

function which relates a particular health effect to neasures of air
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quality and a set of soci odenpgraphic, nedical, and perhaps lifestyle
vari abl es. In the second step, total direct and indirect costs
attributable to air pollution are conputed by applying CO estimtes of the
nedi cal expenses and the value of time lost fromwork associated with the
health response to air pollution. There are at |east two inportant
variations to this two step procedure which have been used by economists
studying air pollution and norbidity. One variation is to define the
dependent variable in the danage function in dollar terns; for exanple,
medi cal expenses could be regressed on air pollution and other variables to
estimate the inpact of air pollution on direct costs. The second variation
is to estimate only the danage function and provide no benefit estimates.

The paper by Seskin (1979)is an exanple of the two-step damage
function procedure and is particularly relevant because it focuses on
oxi dant pollution. The work of Jaksch and Stoevener (1974) and Bhagi a and
St oevener (1978) illustrate the nethod of defining the danage function in
value terms. Ostro (1983) and Portney and Millahy (1983) estinate damage
functions but do not provide benefit estimates. Like Seskin, Portney and
Mul I ahy concentrated on oxidant pollution. In addition to these five
studies, this section will review the widely cited paper by Cooper and Rice
(1976) because it is used as a basis for many CO estimates. For a
conprehensi ve review of the CO method generally, see Hu and Sandifer
(1981).

2.2.1 Cooper and Rice (1976)

Cooper and Rice updated the preval ence based illness cost estimtes of
Rice (1966) to the year 1972. Costs were all ocated anong 16 di sease

categories on the basis of prinmary diagnosis. For each disease, direct
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costs were allocated among seven nedical expenditure categories, such as
hospital care, physicians services, drugs and drug sundries. Total direct
costs of illness in 1972 were approximately $90 billion. O this total
approximately $75 billion were allocated to the primry medical expenditure
categories described above. Costs for research, construction, program
adm ni stration, government public health activities, and insurance net
revenue, representing about $15 billion, were not allocated to particular
di seases. Data on lost work days by prinary diagnosis, age, and sex were

nmultiplied by mean wages to estimate indirect costs for the enployed

popul ati on. I ndirect costs for housekeeping services were conputed on the
basis of market prices for conparable services. Indirect costs for those
unable to work due to illness or disability and for the institutiona

popul ation were computed by estimating the percentage of the disabled or
institutionalized individuals who coul d be expected to be enpl oyed or
keepi ng house were they not disabled or institutionalized

The Cooper and Rice estimates of total direct and indirect costs of
illness are presented in Table 2.1. Two aspects of the Cooper and Rice
estimates are relevant to the research reported later in this volune.
First, colds, flu, and other respiratory diseases account for 30 percent of
all norbidity | osses. Second, 25 percent of expenditures for physician
services, the second |argest expenditure category, were for “special
conditions without sickness” and “synptons and ill-defined conditions.”
These two results suggest that direct and indirect costs nay be significant
for the mnor synptomatic disconforts considered in this research,

particularly for the respiratory synptons.
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TABLE 2.1. TOTAL COSTS OF |LLNESS, 1972

Type of Cost Dol | ar Amount (in billions) Percent of Total
Direct Costs® $ 75.2 39. 8%
Indirect Costs

Mor bi di ty 42.3 22.5
Mortality 71.3 37.8
Total Costs 188.8 100.0

‘Direct costs in 1972 actually were estimated at $90 billion, but $15
billion were left unallocated.

Source: Cooper and Rice (1976)
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2.2.2 Seskin (1979)

Seskin applied the Cooper and Rice cost estimates to a danmge function
relating oxidant pollution to short-term health effects. Data for
unschedul ed visits for outpatient care were obtained froma prepaid group
practice nedical care plan of about 100,000 menbers in the Washington, D.C
ar ea. These visits were chosen because they best reflect acute, or
short-term health responses to air pollution. Unscheduled visits in 1973
and 1974 to the followi ng four departments were considered: urgent visit
clinic, internal nmedicine, pediatrics, and ophthal nol ogy. The only
consistently significant pollution-unscheduled visit relationship was
bet ween oxidants and unscheduled visits to ophthalnology in both 1973 and
1974.

An effort was nade to uncover |agged effects of air pollution by
including the three previous days' air pollution measures in the regression
as well as by using an Alnon distributed |ag procedure. To test for
epi sodic effects, the current day's air pollution was nmultiplied by air
pollution on the previous two days. Synergistic effects were investigated
by entering in the regression the products of oxidant pollution and the
following three pollutants: nitrogen dioxide (NO,), sulfur dioxide (S0,),
and carbon nonoxide (CO. No significant lag, episodic, or synergistic
effects were found.

Benefits were estinmated by calculating the effects of the roughly 50
percent reduction in oxidant pollution necessary to conply with nationa
standards. The regression equation predicted that a six percent decrease
in unschedul ed ophthal nology visits, anounting to 135 fewer visits, would

have resulted from a 50 percent reduction in oxidant pollution in 1973.
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Li near regressions normally are regarded as local |inear approximtions to
a true damage function of unknown functional form Assuming that linearity
holds in the face of a 50 percent reduction in ozone l|levels may not be
war r ant ed. In any case, at $20 per visit, this six percent reduction in
visits yields a direct cost savings (or benefit) to group nmenbers of
$2,700. Cooper and Rice estimates indicate that for diseases of the
nervous system and sense organs, indirect costs are about 66 percent of
direct costs, inplying an indirect cost figure of $1,790 for 1973. Total
costs for group nenbers then were $4, 490. For illustrative purposes,
results for this group were extended to the entire Washington popul ation by
mul tiplying by 20, yielding an area-wi de benefit estinate of about $89, 800
annual |y or about $.04 per resident per year.

2.2.3 Jaksch and Stoevener (1974) and Bhagia and Stoevener (1978)

Jaksch and Stoevener also attenpted to quantify a relationship between
out patient nedical services and air pollution. Medi cal services were
defined both in dollar terms and in terns of nunber of visits. Data from
the Kaiser Foundation Health Plan were conbined with meteorol ogical and
particul ate data for the Portland, Oregon SMSA. Deteriorating air quality
was found to be associated with an increased consunption of outpatient
services per outpatient contact, but not with an increased nunber of
out patient contacts. In contrast to Seskin (1979), Jaksch and Stoevener
found a time delay between exposure to relatively high levels of
particulate and contact with the nedical system Bhagia and Stoevener
conducted a parallel study of the dollar value of the consunption of

inpatient nedical services as related to total suspended particul ate
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(TSP) . No significant relationship was found between TSP and the
consunption of inpatient nedical services.

2.2.4 OGstro (1983)

OGstro (1983) estimated damage functions relating health,
soci oeconom c, weather, and pollution variables to work |oss days (WDs)
and restricted activity days (RADs). Using data fromthe 1976 Heal th
Interview Survey (H'S) conducted by the National Center for Health
Statistics allowed Ostro to control for a wide range of health and
soci oeconom ¢ variables. These health and denographic data were nerged
W th weather data fromthe National Cceanic and Atnospheric Adm nistration
(NOAA) and with pollution data from EPA's Storage and Retrieval of
Aeronetric Data (SAROCAD). The pollution variables chosen were the annual
arithnetic neans of TSP and sul fates.

Cstro restricted the sanple to 84 SMSAs of medi um popul ation (100, 000
to 600,000 people) in order to reduce the degree of intracity variation in
pol | ution. Thus, his results are not necessarily representative of all
cities in the US  Three subsanples were enployed in the analysis. The
first sanple included all people aged 18 to 65 in the RAD regression and
all workers aged 18 to 65 in the WD regression. The second sanple was
identical to the first except that all snokers were excluded to control for
possi bl e synergistic effects between pollution and cigarettes as well as
for the possible simultaneous determnation of smoking and heal th status
variables. The third sanple consisted of male nonsnokers aged 18 to 65.
For this third sanple, no analysis of RADs was presented.

For each of the three sanples, Ostro used ordinary |least squares to

regress the nunber of WDS (and the nunmber of RADs for the first two
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sampl es) on the follow ng independent variables: the annual arithnetic
means of total suspended particulate (TSP) and sul fates, annual nean
tenperature, annual precipitation, population density, the nunber of
chronic conditions the respondent reported, age, inconme, the number of
cigarettes smoked (for the first sample only) and dunmmy variables for race,
gender, marital status, and whether respondent was a blue collar worker.
The WD regressions explained about one percent of the variation in W.Ds,
whil e the RAD regressions explained about 10 percent of the variation in
RADs. For the first two sanples, the coefficient on annual nmean TSP was
positive and significant at the five percent level in the WD regressions
and at the one percent level in the RAD regressions in one-tailed tests.
The estimated elasticities of W.D and RAD with respect to TSP ranged from
0.31 to 0.52. Sul fates often entered the equation with a negative
coefficient, but the sulfate coefficient never was significant. The nunber
of chronic conditions was positively and significantly related to the
number of W.Ds and RADs at the one percent |level, as were age and annual
average tenperature.

As Ostro points out, OLS is not the appropriate statistical nodel to
anal yze W.Ds or RADs since both these variables are truncated at zero (for
exanple, 70 to 95 percent of the respondents in Ostro's sanple reported
zero days lost fromwork). As a consequence, Ostro experinented with two
other statistical approaches in his analysis of WDs for nale nonsmokers
(the third sanple). The first of these alternatives was the Tobit nodel,
whi ch accounts for the truncation of the dependent variable. The results

fromthe Tobit regression were simlar to those fromthe OLS regressions.
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In particular, TSP was positively and significantly (at five percent)
related to WD

Gstro argues that the Tobit technique has the disadvantage of assum ng
that the sane factors which cause the existence of a work |oss day also
expl ain the nunmber of work |oss days experienced. Thus, he proposes a
two-step logit-linear nodel as being nost consistent with the data. 1In the
first step, a logit regression is used to explain the probability of an
i ndi vidual having at |east one WD during the survey period. In the second
step, a conditional linear regression is used to explain the nunber of
WDs, given that one has occurred. The results from these regressions
suggest that TSP is positively and significantly associated with the
probability of at |east one WD occurring, but not with the nunber of WDs
whi ch occur.

Unfortunately, the estimated coefficients in Gstro’'s second stage
l'inear regression are biased and inconsistent estimates owing to sanple
selection bias. The second step of Gstro's logit-linear nodel may be

written

] . ]_
X8 + e, if WLD_ > 0 (1)

=

0 otherwise,

where X is a vector of explanatory variables for individual t, B is the
paraneter vector to be estimated, and e, is a randomdisturbance, t = 1,
T. Following Judge et al. (1985), assume that the |ast
zero, but the first (T - s) are nonzero. Then Ostro's second stage
regression function can be witten
E(WLDtIXt, WLD, > 0) = X!8 + E(etIWLDt > 0) (2)

t=1, ..., T - s
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where E is the expectation operator. The problemis that the conditiona
expectation of the error termis not zero, which violates the assunptions

underlying ordinary |least squares

E(e |WLD_ > 0) = E(etlet > ~X!8) = o, (3)
wher e
f(—XéB/c)
Ae =TS F(-X[B/0)" (4)

where f(Z) and F(Z) are, respectively, the density and cumul ative
distribution of a standard normal random variable and where it has been
assunmed that the e, are i ndependent normal random variables, with nean zero
and variance 02. Thus Gstro’s regression function can be witten

E(WLDtIXt, WLD, > 0) = X]B + oA, t =1, ..., T-s. (5
Least squares onits the “sanple selection” termon the right hand side of
equation (5), and as a consequence produces biased and inconsistent
estimates of the paraneter vector B/c whether applied to the whole sanple
or the subsanple of nonzero observations (see Judge, et al., 1985).

In addition to the use of inappropriate statistical nodels, Ostro's
analysis suffers from sone data linmitations. First of all, the exclusive
use of average annual pollution measures to explain the acute norbidity
measures W.D and RAD is questionable, given the evidence linking acute
norbidity to peak pollution readings. Second, as Ostro points out, the
degree of illness endured before missing work is a subjective decision, and
it may be a decision involving many factors which are not controlled in
Ostro’s equations such as the hourly wage and the availability of paid sick

leave. While sick |leave data are relatively unavail able, dummy variables

for industry mght proxy for this factor, as might Ostro’ s blue-collar

29



dunmy . Finally, there is no control at all for preventive or anmeliorative
heal th care.

2.2.5 Portney and Millahy (1983)

Portney and Millahy (1983) conducted a damage function anal ysis of
chronic and acute norbidity with special enphasis placed on ozone (0, as a
contributing cause of norbidity. These authors merged 1979 H'S data,

i ncludi ng special supplenents on residential mobility and lifetine
cigarette consunption, wth weather and pollution data obtained from
respectively, NOAA and SAROAD. In addition, Portney and Mullahy used data
on paid sick leave froma 1974 H S suppl enent. The data set they
constructed al so included aggregate neasures of the availability of
doctors, the probability of cooking with natural gas, and pollen. No data
on diet, exercise, or alcohol consunption were used.

Since the basic damage function technique has been illustrated earlier
in this section of the literature review, a conprehensive survey of the
work of Portney and Miullahy will be foregone. Rather, this subsection will
focus on results pertaining to ozone and neasures of acute norbidity.

Ozone was al nost always positively, but often insignificantly, related
to acute health effects. Positive and significant associations were found
bet ween ozone and both minor restricted activity days and total restricted
activity days. A restricted activity day (RAD) is a day on which a
respondent cuts down on his usual activities for the entire day because of
illness or injury. A mnor restricted activity day is an RAD that does not
involve work |oss or bed disability. No significant association between

ozone and work loss or bed disability were found.
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Portney and Mullahy estimated that a 1 pphm reduction in the average
dai |y maxi mum one-hour ozone concentration would result in 0.64 fewer mnor
RADS due to all causes per person-year. Extrapolating this result to a
U S. SMSA popul ation of about 110 nillion adults gives a 70.4 nmillion day
decrease in minor RA Ls due to all causes for a 1 pphm decrease in ozone.

Additionally, Portney and Millahy estimated that a 1 pphm decrease in
average daily one-hour maxi mum ozone concentrations would reduce total RADs
due to acute respiratory disease by 0.39 days. Again extrapolating the
nunber of person-days to an SMSA popul ation of 110 million, an estinate of
429 mllion fewer RADs due to acute respiratory disease is obtained.

Portney and Millahy al so found some evidence that ozone increases the
incidence of chronic disease. If this is true, then the effect of ozone on
acute norbidity equals the sumof the direct effect and an indirect effect
operating through the change in chronic norbidity. Those authors estimated

that the indirect effect was 23 percent of the direct effect.

2.3 THE CONTI NGENT VALUATI ON METHCD

A fundanental criticismof the cost of illness approach is that it
does not correspond to a theoretically correct neasure of the benefits of
reduced norbidity such as willingness to pay (WIP). Harrington and Portney
(1982) argue that the WP exceeds CO because the latter accounts neither
for the disutility effects of disease nor defensive expenditures for goods
other than nedical care. Additionally, in a recent theoretical analysis,
Berger et al. (1986) rigorously show that CO underestinmates WIP in all but
a special case. As a consequence, alternative benefit estimtion nethods,
including the contingent valuation nethod (CYM have received considerable

attention.
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In applying the CVM survey respondents are presented with a
hypot hetical situation describing how a change in norbidity will be
acconpl i shed and how paynent would be nade. Paynent mechanisms include the
use of iterative bidding, payment cards, and “referendunmi questions.
Regardl ess of which nechanism is adopted, however, the respondents are
asked for their nmaxinmum willingness to pay for a specific reduction in
nmorbidity or for the m ninmum conpensation they woul d accept for a specific
increase in norbidity. Thus, the CVM in contrast to the CO, attenpts to
measure the appropriate theoretical quantity. However, data to inplenent
the CVM nust be obtained from primary rather than secondary sources.

CYWM benefit estinmates are subject to a number of possible biases which
are discussed at length by Cunm ngs, Brookshire, and Schul ze (1986). One
source of bias in data drawn from hypothetical situations, which is nost
rel evant when dealing with public goods, is the strategic msrepresentation
of preferences. For instance, a respondent who has a strong desire for a
good may overreport his true willingness to pay if he feels that his bid
wi Il influence the good's provision, but that he will never actually have
to pay this amount. This potential problem suggests that CVM studies in
the norbidity area should focus on valuing changes in private health
attributes, such as symptoms, rather than on val uing changes in
environnmental hazards. |If synptons are valued, then the benefits stemm ng
from envi ronmental changes can be obtained by linking the CYMbids to
dose-response or damage functions. Additional biases in the CVM benefit
estimates may result if the individual is unfamliar with the comodity or
if the commodity is intangible or conplex. As a consequence, nore accurate

bids may result when the respondent is asked to focus on synptons
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experienced in the very recent past (i. e., the last two or three days)
rather than on synptons experienced in the past year, or worse yet, on
di seases which are a conplex bundl e of synptons. Still other sources of
bi as include vehicle bias, where the nethod of payment may influence the
results, and starting point bias, where an initial price suggested by the
interviewer may influence the final value reported by the respondent.

Even in situations where these potential biases either can be avoi ded
or mnimzed, the CVYM bids obtained across all respondents frequently
di splay an unconfortably |arge dispersion. The nmean bid sonetines is
exceeded by its standard error. Moreover, the bids often display a marked
skewness with the nmean bid as nmuch as five to ten tinmes higher than the
medi an bid (see Geen et al., 1978 for exanples of this phenomenon). In
specific cases, this skewness nay be at |east partially accounted for by a
few very large bids from respondents who either did not understand the
qguestion or were protesting the fact that it was asked. Detecting these
bids, however, is difficult because very large bids also nay be obtained
fromindividuals in poor health who have been unable to find treatnents
which effectively relieve their synptons.

This section surveys siXx representative studies in which the CVWis
applied to air pollution-norbidity relationships. The first three studies
(Loehman et al., 1979 and Loehman and De, 1982; Berger, Blonguist, Kenkel
and Tol l ey, 1986; and Rowe and Chestnut, 1984) assess willingness to pay
for inprovements in health. Using this approach, the resulting norbidity
val uation can be related to air pollution with a separately estimated
dose-response or damage function. The second set of three studies

(Brookshire, d Arge, Schulze, and Thayer, 1979; Loehman, Boldt, and
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Chai kin, 1984; and Schulze et al., 1983) illustrate the alternative nethod
of valuing reductions in air pollution directly. In these studies,
respondents are given information on the health effects of air pollution
prior to being asked the valuation question. This approach assumes that
respondents can inplicitly estimate their own dose-response functions.

2.3.1 Loehman et al. (1979) and Loehman and De (1982)

The Loehman et al. (1979) study involved a conprehensive sinmulation of
the effects of changing regulations regarding the sulfur content of coal.
Conputer nodel s were devel oped to trace the effects of this policy change
on emissions and anbient air quality. A dose response nodel then was
devel oped to relate anbient air quality, defined in terms of SO, N0, CQ
O3, and TSP, to the incidence of five diseases: asthma, chronic
bronchitis, lower respiratory illness in children, chest pain, and eye
irritation. The five disease effects were converted into three classes of
synpt ons: (1) shortness of breath/chest pain, (2) coughing/sneezing, and
(3) head congestion/eye, ear, or throat irritation. The three synptons
were defined in ternms of severity and duration as follows. A mnor synptom
woul d al | ow continuation of normal daily activities, while a severe synptom
would require restriction of daily activities. Duration was defined as one
seven, or 90days.

Approxi mately 1800 questionnaires were mailed to residents of the
Tanpa Bay area of Florida; about 400of these were returned. Foll owi ng an
expl anation that sonetines there exists a tradeoff between disconfort and
nmoney, respondents were asked to value the synptons |isted above by marking

a payment card which listed 10 values ranging from $0 to $1000
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As can be seen from Table 2.2, the mean CVM bids exceed the nedians,
reflecting a distribution skewed to the right. The authors suggest that
this skewness reflects extrenely high bids from some respondents who nay
have objected to the WIP question. As Chestnut and Violette (1984) point
out, however, the skewness may be partly attributable to the increasing
size of the increments between dollar amunts listed on the paynent card as
the dollar ampunts increased in size

Chestnut and Violette also note an ambiguity in the WP question
itself. It seems unclear whether the question relates to a reduction in
currently occurring synptons, or the prevention of additional synptons.
For exanple, if a respondent did not experience three months of a synptom
and interpreted the question as reducing currently occurring synmptons, he
naturally would not be willing to pay much

In any event, Loehman and De (1982) aggregated the sanple into income
and health groups in order to conduct a logit analysis of the sanmple odds
ratio (P/(1-P)), where P denotes the proportion of the sample who woul d
prefer to pay an amount mrather than suffer an illness of duration d. The
log of this odds ratio was regressed on the natural logarithms of: m d,
mean household inconme (M and nmean days ill in the past year (D) in the
income-health group. A nunber of sociodenographic variables also were
included in the regression, including the proportion of respondents in the
i ncone-heal th status group covered by nedical insurance. The coefficients
onm d, M and D all were correctly signed (negative for mand positive
for the others) and significant. An interesting feature of the logit
regressions is that insurance was negatively and significantly related to

the odds of paying a given anpunt; noreover, the insurance effect was
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TABLE 2. 2.

MEAN AND MEDI AN WIP TO AVO D SYMPTOVB

Days of Health Effect

7 90
Symptom Mean Median Mean Median Mean Median
Mild Shortness Breath $48.61 $ 4.90 $ 73.87 $13.64 $145.93 $35.96
Severe Shortness Breath 79.15 10.92 136.12 35.93 251.84 97.80
Mild Cough/Sneeze 26.40 2.31 44.67 7.84 86.03 22.85
Severe Cough/Sneeze 45.77 6.95 72.29 19.90 147.48 50.56
Mild Head Congestion/
Eye, Ear, Throat Irritation 32.50 3.80 41.51 9.58 90.37 25.14
Severe Head Congestion/
Eye, Ear, Throat Irritation 53.42 8.17 80.32 20.34 179.94 61.68
Source: Geen et al. (1978)
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greater for the severe synptons, those for which it is nore likely that
medi cal attention would be sought.

This study represents an early attenpt to value synptons using the
Ccw Unli ke many applications of the CVM income had a significant,
positive relationship to the bid. In addition, the research suggests a
positive association between poor health and WIP, as well as a negative
associ ati on between insurance and WIP.  Several problems with the Loehman
et al. research include the |ow response rate (approximately 22 percent)
and the change in the size of the WIP increnents as WIP val ues increased on
t he paynment card. A nore serious drawback is the possibility that
respondents were not fanmiliar with the synmptons which they were asked to
val ue. Many respondents may never have experienced the nore severe
synptons, especially those of a longer duration.

2.3.2 Berger, Blonguist, Kenkel and Tolley (1986)

The Berger et al. research involved several elenents, including a
theoretical analysis of averting behavior and health under uncertainty, a
contingent valuation of seven light synptons, and an enpirical conparison
of WIP and CO. The theoretical portion of the Berger et al. paper will be
reviewed in Section 2.4; here the focus is on the CVYM and its conparison to
ca.

The seven synptons considered by Berger et al. were: (1) coughing
spells, (2)stuffed up sinuses, (3) throat congestion, (4) itching eyes
(5) drowsiness, (6) headache, and (7) nausea. Door-to-door and mall
i ntercept nethods were used to sanple 131 individuals in Denver and
Chicago; nine inconplete surveys reduced the nunber of observations to 122.

Respondents were asked the number of synptom days experienced in the

37



previous year and the costs associated with each synptom Respondents then
were asked to rank the synptons according to their relative undesirability
and to state their WIP for additional symptomfree days. Mean daily WP,
mean daily private CO, and a t-statistic for testing the hypothesis that
WP = CO are presented for each of the seven synptons in Table 2.3. The
nul | hypothesis WIP = CO is rejected five of seven tines at the five
percent significance level in favor of the alternative WIP > CO.

In their conprehensive review of the CVM Cunmi ngs et al. (1986)
specify four “reference operating conditions” (ROCs) under which the use of
the CVM is nost defensible. The first of these four ROCs states that
subjects must be famliar with the conmodity to be valued. This first ROC
casts sone doubt on the Loehman et al. (1979) procedure of allow ng
randomy chosen respondents to value a severe synptom of |ong duration, a
commodity with which healthier subjects nay have no famliarity. Instead,
this ROC suggests that the Berger et al. procedure of restricting the CVM
analysis to those subjects who actually experienced the synmptom may be
preferabl e because those subjects would have at |east some famliarity with
the conmodity they were asked to val ue. From an econonetric vi ewpoint,
however, the Berger et al. analysis of nean WIP may be inappropriate ow ng
to the sanple selection bias problem discussed in connection with the Ostro
st udy.

In conputing their nmean WP bids, Berger et al. take n. account of the
fact that WIP is observed only if a synptom day was experienced. [t was
mentioned in relation to the OGstro paper that ordinary |east squares
estimates of the paraneters of a nodel where the dependent variable is

observed only if it exceeds sone critical value are biased and
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inconsistent. Recalling that the nean is a popul ation paraneter that my
be estimated by an COLS regression of the dependent variable on a constant
term it follows that the mean WIP val ues presented by Berger et al. are
bi ased and inconsistent estimtes of popul ation nean WP. The termto
correct for sanple selection in the Berger et al. estimate of the nmean is
oAt,mhere gis the square root of the variance of the error and where

_ _ f(-a/o)
At "1 - F(-a/o)’ (6)

where a is mean WIP.  The ternlaxt is positive, inplying that nmean WIP for
t he subsanpl e who experienced synptons (i.e., the OLS estimate of a) is an
overestinmate of the true mean WIP.

As indicated in connection with the Loehman et al. and Loehman and De
studi es, another reason that the nean daily WP values in Table 2.3 appear
large, is that cognitive errors on the part of respondents may be
responsible for a few very large bids. In other words, some respondents
may have given a bid to avoid suffering froma particular synptom ever
again, rather than a bid for additional synptom free days at the nargin.
Yet anot her possible conplication is that respondents may have difficulty
recal ling the nunber of days in the previous year on which they suffered
froma synptom

2.3.3 Rowe and Chestnut (1984)

The Rowe and Chestnut study was designed to investigate the effects of
air pollution perceptions and averting behavior for a sanple of 82
asthmatics in dendora, a suburb of Los Angeles. Benefits were estinated
using the CVM Respondents were asked to pick the worst rating on a
seven-point asthma severity scale which they woul d consider a “good asthma

day." A "bad asthma day" was defined as anything worse than the chosen
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rating. WP questions were framed in ternms of increased taxes to finance a
public program which would decrease the nunber of bad asthnma days by 50
percent. O the 82 respondents, 69 reported a WIP > 0, 12 reported WP =
0, and one respondent refused to answer the question. On the basis of an
extensi ve check of the consistency of WIP responses with other data
collected in the survey, Rowe and Chestnut selected a sanple containing 65
bids, six of which were zero

The 65 WP responses selected by the researchers were regressed on the
nunber of bad days reduced, the worst severity rating considered a good
day, incone, age, sex, and a dummy reflecting whether or not the respondent
was an adult. The regression was specified in double-log form with values
of zero for the tax bid or the nunber of bad days reduced arbitrarily
recoded to 0.5 before taking logs. The only variables significant at 10
percent in this regression were the nunmber of bad days reduced and the
wor st good day rating, both of which were positively related to the tax
bid. Total WP increased |less than proportionately with the number of bad
asthma days reduced, thus WP per bad day reduced declined as the number of
bad days reduced rose. For exanple, predicted WIP per bad day reduced for
an asthmatic whose worst good day rating involved “mld symptoms” fell from
$41 for one bad day reduced to $7 per day for 50 bad days reduced

In both the Rowe and Chestnut and Berger et al. studies, respondents
were asked to rank, in order of inportance, the benefits they m ght receive
from better health. In the Berger et al. survey, respondents ranked the
benefits of relief fromthe seven synptons, while the respondents in the
Rowe and Chestnut survey ranked the benefits of reduced asthma. Despite

the difference in the health effect considered and the radical difference
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TABLE 2. 3.

DAILY WIP AND CO

Nurber
Experi enci ng Mean Mean Daily
Synpt om Synpt om Daily WIP  Private CO t-statistic
Coughi ng SpelI's 27 $105. 34 $11. 29 2.12
Stuffed Up Sinuses 43 38. 84 6.79 2.22
Throat Congestion 24 43.93 14. 27 1.59
[tching Eyes 16 172. 23 14.56 1.24
Heavy Drowsiness 6 173. 89 21.50 2.57
Headache 48 173. 21 3.33 2.07
Nausea 18 91. 24 2. 36 2.03

‘Only those experiencing the symptom are included in calculating the

sanple statistics.

Sour ce:

Berger et al. (1986)
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in the composition of the two sanples, the rankings are remarkably sinmlar
across the two studies. In both studies, reduced disconfort was most often
ranked as the nost inportant benefit category. In the Rowe and Chest nut
study, activity effects were the next nost inportant category, followed by
nmedi cal costs and work | oss. In Berger et al., nedical costs and work |oss
were ranked as nost inportant nmore frequently than work | oss at home and
recreation loss (see Table 2.4). It is noteworthy that disconfort and
activity effects, both of which are entirely ignored by the CO nethod,
appear to be the nost inportant sources of benefits.

The next three studies reviewed used the CVMto value changes in air
pollution as related to health. Respondents were asked to value air
quality directly, rather than some neasure of health. The Brookshire et
al. (1979) and Loehman et al. (1984) studies are reviewed because their
results suggest sone issues that could be analyzed with the averting
behavi or nodel; the Schulze et al. (1983) study is reviewed because it
focuses on ozone.

2.3.4 Brookshire, d Arge, Schulze and Thayer (1979)

The Brookshire et al. research was designed to test for many potential
sources of bhias in the CVW as well as to conpare CVM values with those
obtained from a hedonic property value study. Respondents were asked their
WP in terms of a higher utility bill or a lunp sum nonthly paynment for
i mproved air quality. One objective of the CYM analysis was to
di saggregate the bids for air quality into aesthetic, and chronic and acute
health conponents. Brookshire et al. assumed that total WP for an air
qual ity change would equal the sum of the acute, chronic, and aesthetic

bi ds. Under this assunption, the authors concluded that the total WP was
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insensitive to the sequence in which the health and aesthetic bids were
obtai ned fromthe respondents, but that the relative value of the
conmponents nmay be sensitive to the sequence of information. Health effects
were about 65 percent of the bid, with the acute conponent |arger than the
chroni c. Thus, bids to avoid mnor synptomatic disconforts may be a
significant portion of the benefits stemming frominproved pollution
control

2.3.5 Loehman, Boldt, and Chaikin (1984)

The Loehman et al. (1984) research sheds nore |ight on the
rel ati onship between the health conponent of a WIP bid and the total bid.
Si x areas of San Francisco were defined in terms of annual days with
different levels of visibility and health. Respondents were asked their
mexi mum WIP to prevent or to obtain a change in air quality in their area
of residence fromits current level to each of the other levels. Sone of
these changes in air quality involved changes in health only, others
i nvol ved changes in visibility only, while others involved both. Loehman
et al. (1984) found that the sumof the health and visibility bids was not
equal to the total bid. For an inprovenent in air quality, the health bid
plus the visibility bid exceeded the total bid, while for a decrease in air
quality, the sumred bids were less than the total. This result suggests
that individuals may have some difficulty separating health and other
damages of air pollution. An analysis of the theoretical relationship
between WIP for health and total WIP in the context of an averting behavi or
model can be found in Coulson et al. (1985).

Two other aspects of the Loehman et al. (1984) research are worth

ment i oni ng. First, the health bid conprised, on average, about one half
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TABLE 2.4. RANKINGS OF BENEFI T CATEGORI ES PERCENTAGE OF RESPONDENTS
RANKI NG AS MOST | MPORTANT

Rowe and Chest nut Berger et al.

Di sconfort 49% 67%
Activity Effects 27 a
Medi cal Costs 15 11
Wrk Loss at Job 8 12
Resi dential Location | a
Work Loss at Home a 6
Recreation Loss a 2
O her a 2

“Not listed as a category for respondents to rank.
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the total bid. Second, snokers, and those in worse health tended to have
hi gher health bids.

2.3.6 Schul ze et al. (1983)

The Schul ze et al. survey was conducted in Los Angeles in Decenber

1982. Respondents were asked to recall a highly publicized ozone episode
over the previous Labor Day weekend and were shown a chart relating varying
| evel s of ozone concentrations to health effects. The ozone concentrations
were classified as very poor, poor, fair, or good. Respondents were asked
their WIP to reduce the daily high ozone reading on the peak ozone day of
the Labor Day weekend in their comunity to a |ower ozone reading. For
exanpl e, respondents in a conmunity where the peak ozone reading was in the
“poor” category were asked their WIP to reduce the ozone reading from
“poor” to “fair” and from “poor” to “good.” The paynent vehicle was a
generalized price increase with special attention drawn to notor vehicle
operating costs. The Schulze et al. study found that respondents were WP
about $7.75/day to reduce hourly average ozone concentrations froma |eve

of 20 pphmto 12 pphm

2.4 THE AVERTI NG BEHAVI OR METHCOD

The averting behavior nmethod provides estimates of willingness to pay
for health inmprovements based on individuals’ reveal ed preferences for
health and health related goods. Unlike the cost of illness and contingent
val uati on approaches, the averting behavior nethod is based on an explicit
nodel of consumer choi ce. This model has three key features. First, good
health is assumed to be a direct source of satisfaction to the individual
Thus the nethod can, in principle, account for the disutility, or “pain and

suffering” associated with ill health. Second, health is considered a
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determinant not only of time available for work, but also of time available
for leisure activities. As a result, the nodel provides a basis for
valuing time lost from both enpl oyment and nonenpl oynent activities.
Third, health is endogenous in the averting behavior nodel; that is, the

i ndi vidual can choose his state of health subject to certain biological and
economi ¢ constraints. Health is produced by a number of exogenous inputs,
such as air pollution, as well as some endogenous inputs, such as nedica
care. The nodel predicts that, in response to a change in some exogenous
input, the individual will adjust his consunption of the endogenous inputs
in order to naximze the benefit (mnimze the loss) he obtains fromthe
exogenous change. Thus the model directly accounts for behaviora
responses to air pollution changes

2.4.1 Averting Behavior Mdels Not Providing Health Benefit Estimates

An inportant strand of the averting behavior approach focuses
exclusively on theoretical considerations. Barrington and Portney (1982)
and Berger, Blomguist, Kenkel, and Tolley (1986) give theoretical analyses
of averting behavior health benefit estimates and their relation to the
cost of illness, but neither of those papers estimtes the WP expression
derived from the nodel. Courant and Porter (1981) and Harford (1984)
provide theoretical conparisons of WP and averting expenditure in the
context of household cleanliness and pollution, while Watson and Jaksch
(1982, 1985) estimate WP, also in a cleanliness-pollution framework
Barti k (1986) has extended averting behavior theory to nonnmarginal welfare
analysis, and the previously cited Berger et al. paper extends the theory

to account for health risks
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This subsection sumarizes the main inplications ‘of these papers for
environmental benefit estimation measurenent. Related theoretical work has
focused on the relationship between averting behavior and optinal policy
design for pollution control (see Zeckhauser and Fisher, 1976,and Shibata
and Wenrich, 1983). Gven the enphasis of the present research on using
averting behavior to estimate WIP, the part of the literature relating to
policy design is omtted fromthis survey.

The averting behavior model represents an application of the household
production framework which was first used to analyze health by G ossnman
(1972).  Thus, the welfare nmeasurenment issues that have arisen in the hone
production framework are relevant to the ABM  Pollack and Wachter (1975)
showed that jointness or nonconstant returns to scale in the household
t echnol ogy would conplicate interpretation of the nodel. In particular,
the “inplicit prices” of the home-produced commodities are given by the
mar gi nal costs of producing them In the presence of jointness or the
absence of constant returns to scale, these marginal costs are not
i ndependent of the consunption bundle chosen by the househol d.

Bockst ael and McConnell (1983) extended Pol |l ak and Wachter’s anal ysis
to show that the endogeneity of inmplicit prices prevents the identification
of a unique Marshallian demand curve relating the quantity of a fina
comodity consuned to its marginal cost, unless the entire cost function or
technol ogy is known. Al t hough a conpensated demand curve for each
househol d commodity exits, and WIP is equal to the area between this
mar gi nal value curve and the corresponding margi nal cost curve, the
nonuni queness of the Marshallian demand curves for the household outputs

precludes the use of consuner surplus to approxinmate wllingness to pay.
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The Bockstael - McConnell solution is to use the input narket to derive
nonmar gi nal wel fare neasures. The val ue of a change in an exogenous
envi ronnental inprovenent can be approximted by the area under a single
Marshal l'ian input demand curve provided that input is essential to all
final commodities to which the exogenous factor is conplenentary. This
approach to wel fare nmeasurenent in the home production nodel does not
require estimation of the entire technology, but, as Bartik (1986) points
out, does require using input demand estimates near the price which drives
demand to zero. This price nornally will lie outside the range of the
dat a.

The theoretically correct measure of WIP is the area behind the
Hi cksi an or conpensated demand curve. This demand curve is derived by
holding utility constant, however, and thus is unobservable. The solution
to this problemin applied welfare economcs is to use the area behind the
observabl e Marshallian demand curve to approxinmate the area behind the
H cksian demand curve. WIIlig (1976) has shown that for goods with snall
incone effects or small ratios of income equivalents of price changes to
total income, the percentage error in using consumers’ surplus (the area
behind the Marshallian demand curve) as an approxi mation of WP (the area
behind the Hicksian demand curve) is small.

Wi | e Bockstael and MConnell consider nonnarginal welfare measurenent
when the technol ogy is unknown, Hori (1975) considers the case of margina
wel fare neasurement when technology is known, but the amounts of final
goods consuned are unknown. In an analysis which bears simlarity to the

theory to be presented in Chapter 3, Hori determ nes the conditions under
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which a utility function could be deduced from know edge of the hone
production technology and the demand for private goods.

Wt hout exception, the averting behavior nodels nanmed at the beginning
of this subsection assune nonjointness in the production of the household
out put s. Jointness woul d occur if an input were used in the production of
nore than one household output, or if an input were itself a direct source
of utility. Despite the Pollak and Wachter argument that jointness is
pervasive in the home production framework, all previous work in the
averting behavior literature has assumed nonjointness. Constant returns to
scale, on the other hand, is not a universal assunption in averting
behavi or nodel s.

Al'l averting behavior nodels have a comon underlying structure,

subject to a few variations. This structure is

U= UX H (7)
HEH(V,  a) (8)
I = rXX + I'VV. (9)

where U denotes utility, X represents a conposite good (or conposite
expenditures if M =1), and H denotes the household output of interest,
such as health or the cleanliness of the hone. This output is produced in
equation (8) by an averting behavior, V (which mght be nedical care in the
case of health or the frequency of cleaning in the case of home

cl eanliness), and an exogenous variable or vector of exogenous variables a
whi ch nmight be neasures of air pollution. Equation (9) is a budget
constraint where | is income and the r, is the price of good i, i =X V.

Oten. Vis defined as averting expenditure with r = 1.
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A few variations to this structure have been made. To analyze hone
cleanliness, Harford (1984) and Watson and Jaksch (1985) wite r,as a
function of V and o,thus incorporating a tradeoff between the frequency of
cleaning, V, and its intensity, measured by its unit price r,. To analyze
health issues, the budget constraint may be generalized to incorporate the
value of time, as in Cerking and Stanley (1986). Another extension in the
heal th area, made by Barrington and Portney (1982) and Berger et al.
(1986), is to define a function MH) giving nmedical and possibly other
costs of illness as a function the health stock. As nentioned previously
Berger et al. further generalize the nodel to an uncertainty franework
whi ch accounts for health risks. Finally, Bartik (1986) focuses on the
function V(H, «) giving the amount of averting expenditure necessary to
achieve output H given pollution a, rather than the primal production
function HV, a).

In this nodel, the individual is assumed to maximze utility in
equation (7) subject to the production function (8) and some variant of the
budget constraint, (9). By totally differentiating the utility function
with respect to pollution while holding utility constant at the constrained
maxi mum the follow ng marginal WP expression can be derived

Ty
WIP = -~ — H_. (10)
HV a

This expression states that the marginal benefits of a reduction in

pol lution are equal to the marginal cost of achieving the sanme inprovenent
in health through the use of V. Mre specifically, seven aspects of this
benefit expression are worth noting. First, WP is higher, the higher the

full price and the |ower the marginal productivity of the averting input V.
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This may explain why some contingent valuation surveys have found a
negative association between health insurance and WP i nsurance | owers
the full price of medical care. Second, if the marginal damage of air
pol | ution (Ha) is higher (nmore negative) for those in poor health, then WP
woul d be higher as well. This would explain the finding in CVM studies
that poor health is associated with higher WIP.  Third, despite the fact
that health enters the utility function, no utility terms appear in the WP
expression, making estimation of equation (10) a relatively straightforward
matt er. Further, partial, rather than the total, derivatives of the health
production function are relevant to cal culating WIP.  Thus the structura
formof the health production function, rather than its reduced form
shoul d be used in the benefit cal cul ations. Fifth, the WIP for health
i nprovenents can be obtained from equation (10) sinply by dividing both
sides by Ha' This operation results in WTP/Ha = (BI/Bu)(l/Ha) = 3I/34.

The seventh point to note about the benefit expression in equation
(10) concerns its interpretation in terms of standard nacroeconom c theory.
To sinplify the exposition, interpret aas a measure of air quality rather
than of air pollution, so that ais a good. WP is sinply the price the
i ndi vidual would be willing to pay, at the margin, per unit of air quality.
Let r, denote this price. Now suppose that a market existed for air
quality, with units of air quality traded at price r_. The individual is
assuned to choose X, V, and ato nmaximze utility in equation (7) subject
to the budget constraint | = Xry + VrV +or .

It is clear that whatever level of health is chosen in the utility
maxi m zation process must be produced at mininum cost. If the chosen |evel

of health could be produced at |ower cost, then nore of the good X could be
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purchased while maintaining the same consunption of health, which would
increase utility and violate the hypothesized utility maximzation. The
cost-mnimzing producer of health facing given prices r, and ry ' vould
choose the levels of a and V so that the narginal rate of technical

substitution between these two inputs was equated to their price ratio:

H

- = (11)
Hy Ty

This famliar tangency between an isoquant and an isocost line is
illustrated in Figure 2.1.

In reality, no market exists for air quality, and the individual faces
a given quantity of a rather than a given price ¥, Gven sone quantity
a®, tt hough, the individual’'s chosen level of V, v°, determines a point on
an isoquant. Know edge of the production function then allows
determ nation of the slope of the isoquant at that point. Finally,
observing the price ¥y allows the willingness to pay for air quality L
to be inferred. Algebraically, the WIP expression in equation (10) can be
obtained by nultiplying both sides of the cost-mnimzing tangency
condition in equation (11) by =Ty. Thus, the ABM allows inference of WP
t hrough know edge of the production function and prices.

Two additional issues that have arisen in analyzing the WP expression
in equation (10) are: (1) the relationship between WIP and expenditures on
averting activities, and (2) the relationship between CO and WP. Courant
and Porter (1981) and Berger et al. (1986) have denonstrated that under
pl ausi bl e conditions, averting expenditure will be |ower bound on narginal
WIP.  The Berger et al. conparison was made in the context of uncertaint,

and hence is not directly relevant here. The Courant and Porter comparison
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Figure 2.1. Cost-Mninizing Production of Health

The cost minimzing health producer who faced a market for
air quality would equate the slope of an isoquant to the
slope of an isocost line. Wen no market for air quality

exists, cost minimzing production can be used to infer T
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invol ved cal cul ating averting expenditure while holding utility constant
and hence is of limted enpirical relevance. Thus the relationshi, between
margi nal WP and averting expenditure is not entirely settled. Bartik
(1986) has shown, though, that the change in averting expenditure wll
always be a lower bound to WIP, but the bound is not necessarily tight.

Barrington and Portney (1982) and Berger et al. devel oped theoretical
conparisons of WP and CO to the individual. Barrington and Portney
denonstrated that for the nodel above, WP would exceed CO provided dH/do
< 0 and 3V/3a > 0, ‘that is, provided the total effect of pollution on
health is negative and averting behavior increases with pollution. Both
these conditions seem plausible, but neither is a theoretical requirenent
of the model. Berger et al. concur that under plausible conditions, CO is
| ower bound on WIP.

The work of Bockstael and MConnell (1983) and Bartik (1986) can be
used to extend the marginal welfare analysis presented above to the case of
nonnargi nal welfare changes. Bockstael and MConnell show that changes in
the area behind the Hi cksian demand curve for a necessary input can be used
to value environnmental quality. Both Bartik and Bockstael and MConnel |
show that, if a single household output is affected by air pollution, then
changes in the area behind the H cksian demand curve for that output can be
used to nmeasure WIP. The difficulties inherent in estimating such a demand
curve, or in approximating it with a Marshallian demand curve under
conditions of joint production, are noted by Bockstael and MConnell.

A final point to make about the averting behavior nmethod is its close
connection to hedonic price nodels. Bartik points out that in the averting

behavi or mpbdel, the household s opportunity locus isdeterm ned by
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pollution levels and the averting technol ogy. I n hedonic price nodel s,
this locus is deternmined by demand and supply equilibrium

The theoretical inplications of previous averting behavior nodels for
health benefit estimation then are as follows. (1) Marginal WIP can be
estimated with know edge of the production function and prices al one; no
knowl edge of preferences is required. (2) It is likely, although not
certain, that the change in averting expenditure in response to pollution
change is a |ower bound on WP (3) Under plausible conditions, an
individual’s CO wll be less than his WP. Note that all of these
conclusions are derived from sinple, essentially identical, npbdels which do
not allow for joint products. A natural theoretical extension to the ABM
then, would be to analyze these three issues in a joint production
Fr amewor k

2.4.2 Enpirical Evidence Regarding Averting Behavior

Several researchers have examned the existence and nature of averting
responses to pollution. Smith and Desvousges (1986) conducted a probit
analysis to explain the likelihood of engaging in three possible averting
responses to water pollution. Berger et al. and Rowe and Chestnut provide
sone evidence linking averting behavior to health states. These latter two
papers also enpirically test the relationship between WIP and CO.

Smith and Desvousges found that of a sanple of Boston area residents,
30 percent had purchased bottled water in the past five years and 7 percent
had installed water filters, for the sole purpose of reducing the risk of
exposure to hazardous waste. Key variables that explained these actions
i ncluded indexes of the respondent’s attitudes toward (1) the degree of

harm associated w th hazardous waste and (2) the effectiveness of the |oca

55



public water supplier. Smth and Desvousges conclude that “private
responses do appear to arise to mtigate the potential effects of
environmental externalities” (p. 295) . One shortcomng in the data used by
Smth and Desvousges was that no information was available on the full
prices or marginal productivities of the averting behaviors considered. As
a result, no benefit estimates could be made based on these data.

Berger et al. collected data on sone relatively long-run preventive
expendi tures: air conditioners, air purifiers, humdifiers, and other
preventive expenditures. For each of these defensive expenditure
categories except humdifiers, those respondents who had experienced at
| east one synptom were nore likely to have nade preventive expenditures for
heal th reasons than those who reported no synptons.

Rowe and Chestnut tested for short-run averting responses to air
pol lution involving changes in daily activities to avoid worsening asthma.
Those respondents who expected air pollution to aggravate their asthma on a
gi ven day were about twice as likely to change their |eisure or sleep
activities to avoid worsening their asthma that day. Rowe and Chestnut
present an eight-way classification of sanple proportions based on the
following three two-way classifications: (1) Did respondent expect bad
asthma day? (2) Did he engage in any mtigating behavior? (3) Did he have
a bad asthma day? These sanple proportions reveal that, whether or not a
bad asthma day is expected, mitigating behavior is positively associated
with the probability of having a bad day. These proportions suggest that
averting behaviors may be jointly determned with health. Rowe and
Chestnut report that their data reveal a tendency for mitigating behavior

to involve substitutions away from active leisure, both outdoor and indoor,
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away from outdoor chores, and into nmore indoor chores. On the basis of
these three studies, it appears that individuals attenpt to mtigate the
effects of pollution in at |least three ways: (1) by making expenditures on
durabl e goods such as air purifiers and water filters, (2) by making
expendi tures on nondurabl e such as bottled water, and (3) by changing
their daily schedule to avoid pollution exposure. None of the three
studies incorporated both durable and nondurable expenditures and
scheduling changes in the analysis, nor did they exam ne the
price/effectiveness ratio of these averting activities.

2.4.3 Averting Behavior and Health Benefit Estimates

There have been relatively few attenpts to use the averting behavior
model to obtain benefit estinmates. One reason for this outcome is that the
sinplicity and intuitive appeal of equation (12) is not achieved w thout
cost. Chestnut and Violette (1984), for exanple, correctly argue that this
equation inplicitly: (1) values the individual's tine at his wage rate,
(2) considers only private, as opposed to total, social costs of nedical
care, (3) allows for no interdependence of utility anong friends and famly
menmbers, and (4) considers only small (nmarginal) changes in pollution and
health. Additionally, as noted by Gerking and Stanley (1986), the ultimte
averting behavior, noving froman area to avoid exposure to environnental
toxins, is not adequately captured in existing ABM approaches. Finally,
from an inplenentation viewpoint, the ABM requires special prinary data
collection. This subsection surveys two recent attenpts to use the ABMto
estimate equation (12); the work of Cropper (1981) and Gerking and Stanley
(1986). In Cropper's nodel, each person is endowed with a stock of health

capital neasuring his resistance to illness. This health stock can be
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augnented by investing in health care; it depreciates at a rate dependent
upon air pollution and other stress. Health is a pure investnent good
which is desired only to reduce the tinme spent ill and hence to increase
income. Thus the individual chooses a time path of investment in health to
maxi m ze the present value of full incone net of investnent; he then
maxi mzes utility subject to full income. In order to maxinize full income
net of investnent, the individual equates the marginal product of health
capital to its supply price.

Usi ng Cobb-Dougl as functional forns for the investnment function, the
mar gi nal cost of investment, and for tine spent ill as a function of the
heal th stock, Cropper derives a benefit neasure equal to twice the value of
time lost from work. Assum ng nedical costs are negligible for the acute
illnesses Cropper considers, this benefit neasure is twice as large as the
cost of illness.

Cropper’s enpirical work used data fromthe Mchigan Panel Study in
I ncone Dynam cs for the years 1970, 1974, and 1976. The sanple consisted
of men age 18 to 45. Separate equations were estinmated for each interview
year, the dependent variable being the natural |ogarithm of [work |oss
days/(work | oss days + days worked)] x 365. Since 50 percent of the sanple
reported zero work |oss days, the equations were estimated in a tobit
framework, but it is unclear how the natural |ogarithm was computed if
WD = 0. Pollution was nmeasured as the annual geonetric nean of sulfur
di oxi de, which Cropper regards as a pollution index owng to collinearity
bet ween pol | utants.

The estimted coefficient on nean SO,was positive and significant at

the 10 percent level in a one-tail test. Another interesting feature of
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Cropper’s equations is that the existence of a chronic condition was
positively and significantly related to work loss days. However, the wage
was positively and significantly related to work loss; this is contrary to
expectation since a higher wage inplies a higher value to healthy tinme.
Cropper suggested that the wage may act as a proxy for deleterious
consunption habits. Another possible explanation is that higher wage
workers may have nore liberal sick |leave coverage, thus reducing the
personal |oss associated with sick time. Another possibility is that high
wages are correlated with high non-wage incone; if tine away fromwork is a
nornmal good, then the time spent working should decrease with non-wage
income. Using the 1976 sanple Cropper presents an annual WP estimte for
a 10 percent reduction in nmean S0,. The average worker in that sanple, who
earned $6.00 per hour, would pay $7.20 annually for that reduction in
pol | ution.

Cropper’'s paper is noteworthy in representing an early attenpt to
i ncorporate behavioral adjustments to pollution and to conpare the
magni t ude of WIP and CO. The nodel provides a theoretical justification
for using work |oss days as a basis for health benefit estimation.
Cropper’s nodel suffers froma serious deficiency, however, in that health
is not allowed to affect utility directly. Additionally, as Chestnut and
Violette (1984) point out, the enpirical results presented are based on
specific untested functional forms.

The Gerking and Stanley nodel, which is sinmilar to the one presented
in Section 2.4.1, generalizes Cropper’s approach by allowing health to
affect utility directly and by considering the time lost from work and

leisure activities. Estimates of WP were obtained using health, econom c,
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and denographi c data taken from a survey of 2594 households in St. Louis,
M ssouri over the period 1977-1980. Only 824 observations were included in
the anal ysis presented in the paper, however; the remainder of the sanple
either were not fully enployed or did not report their wage. Three health
measures were contained in the St. Louis data: (1) subjectively reported
heal th status (excellent, good, fair, or poor), (2) the existence of
chronic illnesses, and (3) years of suffering from those chronic
condi ti ons. Gerking and Stanley used the latter two variables, CHRO and
LENGTH, respectively, in the estimation. Consunption of nedical services
are proxied by MED, which took the value unity if the respondent usually
saw a doctor at |east once per year. Air quality data were taken fromthe
Regi onal Air Pollution Study over the period 1974-1977. Averages over this
period were conputed for ozone, sulfur dioxide, TSP, and oxides of
nitrogen (NQ). Respondents were matched to the nonitoring station closest
to their residence

To incorporate both CHRO and LENGTH in the estinmation, Gerking and
Stanley used the inplicit function theorem to rewite the health production
function as

M = M(H; o, §) (12)

As a result, two neasures of H could be included on the right hand side of
equation (12). To account for the simultaneity between medical care and
heal th, Gerking and Stanley used a procedure analogous to two stage |east
squares. First, reduced form equations for CHRO and LENGIH were estimated
using logit and tobit, respectively. Then the fitted values CHRO and
LENGTH were used to estinate equation (12) in a logit framework. The

expected signs of these two health measures were negative, while their
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coefficients were positive but generally insignificant at 10 percent. O
the pollution variables, only ozone was positive and significant (at one
percent) in all the reported equations. As a consequence, ozone was chosen
to make the willingness to pay calculations. For a 30 percent reduction in
anbi ent nmean ozone concentrations, the annual wllingness to pay estimates
range from $18.24 to $24.48.

The work by Gerking and Stanley is inportant for at |east two reasons.
First, their nodel illustrates the derivation of a sinple, estinable
W | lingness to pay expression when health is a direct source of utility.
Second, their enpirical work accounts for the simultaneity of nedical care
and health. The key problemw th this paper is the data. The health and
pol lution data do not pertain to the same years. Moreover, the use of
recent pollution levels in explaining long-termillnesses assumes that
recent levels are typical of lifetine exposure patterns, which may bias
results, particularly if ill health induces migration to less polluted
environnents. The dependent variable MED is not a good neasure of medical
care consunption since it only reflects whether the respondent normally

sees a doctor at |east once a year.

2.5 COVPARI SON COF THE THREE METHCDS

This chapter has reviewed three nethods for estinating the nonetary
damages associated with the adverse effects of air pollution on health:
the cost of illness nethod, the contingent valuation nmethod, and the
averting behavior method. The three nethods differ greatly with respect to
the theoretical assunptions which underlie them the interpretation of the
val ues they produce, and the costs of inplementing them This section wll

briefly summarize these issues. First, however, it should be noted that
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there is at least one major difficulty shared by all three nethods, nanely,
the estimation physical damage or health production function.

The estimation of such a function, whether for norbidity or nortality,
involves a great deal of specification and nmeasurenment uncertainty.
Specification uncertainty enters because the functional form of the
relationship between air pollution and health and the proper set of
expl anatory variabl es are unknown. Additionally, some variables which
m ght explain the relationship between air pollution and health are subject
to the control of individuals, introducing the possibility of sinmultaneous
equation bhias. A key exanple of neasurement error is in the measurenent of
pol | uti on exposure. I ndividuals normally are matched to a pollution
nonitoring station somewhere in the vicinity of their residence, but the
pollution levels measured at this station nay be a poor indicator of actual
exposure. For a nore conpl ete discussion of specification and neasurenent
difficulties in estimating the health effects of air pollution, see Crocker
et al. (1979) and Gerking and Schul ze (1981).

Returning to the conparison of the three danmge function estination
t echni ques, consider first the theoretical differences anong them The CO
approach effectively assunes that individuals are ignorant of the health
damages of air pollution and/or are unable to adjust their behavior to
mtigate these damages. As Lave (1972) indicates, it is this assunption of
i ndi vidual ignorance that justifies the two-step approach of (1) estimating
a physi cal damage function, and (2) sinple multiplication of this damage
function by sone price schedul e. In contrast, the ABM assunes that
individuals rationally adjust their behavior to mninmze the value of air

pol lution |osses. Cropper (1981) argues that this process of rational
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adj ust ment does not require that individuals be fully aware of the effects
of air pollution on health; rather, it need only be assuned that

i ndi vidual s adjust their behavior when they perceive sone change in their
heal t h. The marginal conditions of the nodel, which require optimal
adjustnent to infinitesiml changes in pollution, however, seem nore
consistent with an assunption of conplete know edge on the part of
individuals. As a practical matter, people nust have at |east sone
know edge of an association between air pollution and ill health if
averting behaviors such as spending |less time outdoors and reduci ng indoor
air pollution are to be used to produce benefit estimates. The CVM when
applied to neasures of norbidity, does not require any know edge at all on
the part of respondents of the link between air pollution and health.
Subjects value the health effect, and the association to air pollution is
made by the anal yst. If the CVW is applied to air pollution directly,
however, it is assumed that respondents know their own damage function.

In addition to the degree of know edge assuned, the three techniques
differ in their treatnent of behavioral responses to air pollution. The
CA nethod and the CYMtend to ignore averting behavior; only the ABM
directly accounts for behavioral adjustnents to nmitigate pollution effects

Perhaps the mpst inportant distinction between these techniques is the
interpretation of the values they produce. The CO estimates the nonetary
costs which illness inposes on society. It does not estimate WP, nor does
it include values for the disutility of illness. Both the CVM and the ABM
on the other hand, estinate individuals’ WP, and the WP val ue incl udes
the nmonetary value of the disutility of illness. The CVM estimates WP on

the basis of expressed preferences, while the ABM estinmates WP on the
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basis of revealed preferences. A conparison of WIP and CO is conplicated
by the fact that CO values tend to be for society as a whole, while WP
values are for individuals. This is significant because 68 percent of all
heal th-rel ated expenditures are made by third parties such as insurance
compani es (Chestnut and Violette, 1984). Thus, the costs faced by

i ndividuals do not reflect social costs

A final, and perhaps the nost practical, distinction between these
three nethods is the cost of inplementing each. The CO approach seens the
| east costly to inplenent, since no prinmary data collection effort is
required. Danmge functions can be estinmated fromexisting data sets, such
as the H'S, and the Cooper and Rice cost estimates can be applied. The CWM
is nore costly to apply in that primary data collection on WIP and ot her
econom c variables is required. The ABM is the nost costly, since the
primary data collection effort nust extend to the prices and quantities of
averting behaviors.

A tradeoff emerges, them between the costs of obtaining estimtes of
the value of air pollution danages and the type of estimates obtained. The
CA is the least costly, but does not cover the disutility of illness and
does not neasure WIP. The CVM and the ABM are nore costly because of the
primary data collection efforts they require, but they do estinate WP
The incremental cost of the ABM over the CYMis the price paid for reveal ed
val ues, which sone econonm sts and policymakers would prefer to the

expressed val ues produced by the CVM

64



CHAPTER 3

AVERTI NG BEHAVI OR, JO NT HOUSEHCLD PRCDUCTI ON, AND WELFARE MEASUREMENT

3.1 | NTRODUCTI ON

The enpirical inplenentation of the averting behavior nodel appears to
be a straightforward matter because, as several authors have noted, the
margi nal willingness to pay expression inplied by the nbdel depends only on
observabl e vari abl es. Chapter 2 indicated that this marginal WP function,
whi ch may be cal cul ated using prices and paraneters of the production
function, is derived from nodels having a single underlying structure. The
essential features of this structure are (1) there is only one averting
behavi or and one household output of interest, and nore inportantly, (2)
the averting behavior is not a direct source of utility. The primry
effect of these two features is to preclude the possibility of joint
househol d producti on. In this nonjoint averting behavior nodel, the
mar gi nal WIP for the household output is equal to the marginal cost of
producing it, and the marginal WP for some publicly-provided factor of
production, like air quality, is equal to the narginal effect of that
factor on the total cost of producing the household output. The nonjoint
averting behavior nodel and its WP expressions are special cases of Hori's
(1975) analysis, which denpbnstrated that the marginal value of a public
good can be inferred fromthe demand for private goods, provided that (1)
the househol d technology is known, and (2) the nunber of private good

inputs is at least as great as the nunber of household outputs



While the sinmplicity of the marginal WP expressions described above
is appealing, the averting behavior nodel used to generate these
expressions may not be sufficiently general to apply to some problens. For
exanpl e, there are a nunber of synptomatic effects associated with air
pol | ution exposure, and a number of averting behaviors which may be used to
reduce exposure or to relieve the synptons. Moreover, a single averting
behavi or may be effective in reducing nore than one synptom and sone
averting behaviors may be direct sources of utility. Air conditioning in
the hone or car, or changes in the anpunt of tinme spent outdoors, could be
used not only to reduce exposure and hence relieve a nunber of synptonmns,
but could have direct inpacts on utility as well. In other words,
jointness may be pervasive in the context of averting behavior, but the
averting behavior nodel precludes jointness by construction.

This chapter derives the conditions under which the averting behavior
nodel can be generalized to allow for joint production yet still yield an
enpirically measurable expression for WP. Bockstael and MConnell (1983)
building on the results of Pollak and Wachter (1975), showed that joint
production conplicates welfare measurement in the household production
framework.  The Bockstael - McConnell solution, which can be used w thout
know edge of the entire hone technology, is to derive welfare neasures
using the Hicks-conpensated demand for a single necessary input. Enpirical
inpl enentation of the Bockstael -MConnell technique mnight require
approximation of the utility-constant Hicksian demand curve with its
nmoney-i ncome-constant Marshallian counterpart. In contrast, the nonjoint
averting behavior nodel provides an exact welfare neasure which is

observabl e and hence need not be approximated.
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The next section of this chapter extends the non joint averting
behavi or nodel and the work of Hori to allow the inputs in the household
technol ogy to be direct sources of utility. The purposes are to derive
exact neasures of marginal and nonnmarginal welfare change and to determne,
in Section 3.3, the conditions under which these exact neasures wll be
functions only of observable parameters. In Section 3.4, welfare neasures
for the household outputs will be considered. An input market analysis
which follows Bockstael and McConnell is described in Section 3.5. A
met hod of recovering an estimte of the disutility of illness is discussed

in Section 3.6, and conclusions follow in Section 3.7.

3.2 AN | MPURE AVERTI NG GOODS MODEL

In this section, welfare nmeasures are derived from a nodel which
general i zes the nonjoint averting behavior model presented in Chapter 2 by
(1) allowing for nultiple outputs and averting inputs, and (2) allow ng
some averting inputs to be direct sources of utility.

Define a pure averting input as a good which is used solely to reduce
pol lution exposure or to mtigate the effects of exposure; pure averting
inputs are not direct sources of utility. An inpure averting input, on the
ot her hand, not only enters the home production technology but is a direct
source of utility as well. Suppose there are a total of | averting goods
Vs Vos o o s Vis the first K of which are inpure, and the remaining (I -
K) of which are pure.

Suppose there are J home-produced commodities Sl’ SZ’ e .« e SJ, which
for purposes of this research are synptons of pollution exposure. UWility
is a function of the J commodities. the K inmpure averting goods, and a

conposite conmodity X
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U=U, S5 v v s S5y Vs vov vy V) (1)
where UX = 3U/3X > O,

U, = 3U/3S, < O i =1, . . «, J

R 3 1

Uk = BU/BVk >0 k=1, . . ., K.

The synptons are produced according to the J production functions

Sj = Sj(vl, . . LI 2 VK’ VK+1)’ o. . .y VI; (X, ‘S, H) (2)

h S = i
where 51 BSj/BVi <0, ¥1i, j
S, =BS./B(1> Os

Jo J

Sj(5 = asj/36 > 0,

S., =09S,/0H < 0, ¥ j,
jH J/ J

i=1nL .. ., J.

In these synptom production functions (SPFs), the pure and inpure averting
goods reduce the synptons. The variable adenotes air pollution, which
i ncreases the symptons; H denotes the individual’'s health stock, increases
in which reduce the synmptons; ¢ denotes ot her personal factors which nmay
influence the efficiency of production. In the enpirical work presented in
| ater chapters, @, 6, and H are specified as vectors.

In addition to the bionedical constraints enbodied in the SPFs, the

individual is faced with a series of econonmic constraints

I

Wty + A= XPp + I VP (3a)
i=1
I

T=Xty+ I Vit +T (3b)
i=1

T, = G(S;, . .y 8], (3c)

In equation (3a), Wdenotes the individual's wage rate, T,denotes the tine

spent working, A denotes the anpunt of incone the individual receives which
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is unaffected by labor/leisure decisions. This “asset income” is taken to
be exogenous during the tine period enconpassed by the nmodel. The variable
py Fepresents the nmoney price of the conposite good X, while Pi represents
the money price of good Vi’ i=1, ..., I. Thus equation (3a) constrains
expenditures to income.

Equation (3b) sinmply requires that total tine available (T) is
al located anmong all possible uses of tine. In this equation, txrepresents
the amount of time required to consune a unit of X, andtisinilarly
represents the anmount of time required to use a unit of Vi, i=1, ...,
.  T,denotes time lost from market and nonmarket activities, which is a
nondecreasing function of each of the synptons in equation (3c),
Gj = ac/asj >0¥j.

Equations (3a), (3b), and (3c) can be combined into the follow ng

“full income” budget constraint:
I
WL + A = Xry + E Vorg + WG(S)5 « .« o SJ) (4)
i=1
wher e ry = PX + WTX
ri = Pi + WTi’ Vi.

The r variables denote the “full price” of the associated good, including
both the money price and the tine price where all tinme is valued at the
wage rate.

The individual is assumed to maximze utility in equation (1) subject
to the synptom production functions in equations (2) and the full income
budget constraint in equation (4). Measures of the change in economc well
bei ng associated with air pollution changes can be derived from that

maxi m zation problem but those measures of welfare change involve hol ding
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utility constant. Therefore a nore direct approach to deriving welfare
nmeasures is to use the dual expenditure mnimzation problemin which
utility already is held constant. Following Just, Hueth and Schmitz (1982)
define the pseudo expenditure function A(rx, Tys o o o Ty W, a, 6§, H, U°)
as the function giving the mni mum anount of exogenous incone necessary to

achieve utility level WUgiven values for the parameters r Fy - T

X

W, a, 6§, and H. The pseudo-expenditure function is defined as

A(rX, Tis « o s T W, a, 8§, H, U°®)

I

= mln{XrX + .Z Viri + WG(Sl, . e e SJ)l (5)
X,V i=1

U° = U(X, 815 ¢« s sJ, Vis o o s VK)},

where Sj = Sj(Vl, eoees Voo, 6, H) ¥ j. The pseudo-expenditure function
is used in place of the traditional expenditure function when consumers are
al so labor suppliers. The properties of the pseudo-expenditure function
are anal ogous to the properties of the expenditure function; see Just et

al. for the details.

The first order conditions for the expenditure mnimzation problem

are
ry = uUX =0 (6)
J J
r, + W-E stjk - u[Uk + -E Ujsjk] =0 k=1, .. ., K (7)
j=1 j=1
J J
r, + WZG,S,, ~ul U.S,i =0 i=K+1, . . ., 1 (8)
y=1 431 j=1 373
plus the utility constraint U® - U(+) = 0, where u is the Lagrangian

multiplier associated with the utility constraint and is interpreted as the

mar gi nal cost of achieving utility level °. Equation (6) requires the
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nonetary value of the nmarginal utility of good X be equal to the full price
of consum ng one unit of X Equations (7) and (8) require the nonetary
value of the utility change associated with a snall change in an averting
good be equal to the full price of that good plus the nonetary val ue of any
associated change in time lost from market and nonmarket activities. The K
equations in (7) relate to the inmpure averting goods, while the (I - K)
equations in (8) relate to the pure averting goods. The only difference
between the first order conditions for the pure and inmpure averting goods
is that the inpure averting good equations contain an additional margina
utility term U reflecting the direct effect on utility of a small change
in an inmpure averting good. In contrast, the only effect the pure
averting goods have on utility is via the symptom production functions

The conpensating variation (CV) measure of the change in individua
wel fare associated with a decrease in air pollution is defined as the
anmount of incone which, when taken away fromthe individual after the air
pol luti on change, would |eave himjust as well off as before the change.
In other words, CV is the change in the value of the pseudo-expenditure
function when air pollution changes. Using the envelope theorem the CV of

a marginal decrease in air pollution can be expressed as

J J
B -wzies, -uiUs, . (9)
gor 330 T H TS

The first termon the right hand side of the marginal WIP expression is the
monetary val ue of the change in time |ost from market and nonnmarket
activities when air pollution changes, while the second term neasures the
nonetary value of the utility change associated with the pollution change.

For a nonmarginal change in air pollution of Aa = al - aO, t he conpensating
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variation is

W, 3, H, a”, U°)

W, 6, H, ab, U°). (10)

CV = A(rx, Tis + o o5 Ty

- A(rx, Tis o o o5 Tps
Equations (9) and (10) give exact neasures of the WP for,
respectively, a marginal and nonnarginal, air pollution decrease. The
empirical worth of these equations is limted, however, because of the
presence of wunobservable marginal utility terms in equation (9) and because
the value of the expenditure function at Qxl, U°) : is not observed. The
next two sections denonstrate that under certain conditions, these exact

wel fare neasures can be reduced to functions of observable market and

t echnol ogi cal parameters.

3.3 EXACT VELFARE MEASUREMENT USI NG THE AVERTI NG TECHNOLOGY

The nmargi nal WP expression in equation (9) is unobservable since it

contains a total of J marginal utility terms —uUj,j =1, . . ., J  These
same J marginal utility terms, however, appear in each of the (I - K) first
order conditions in equations (8). Thus if (I - K) > J, the first order

conditions of the nodel provide enough information to reduce the marginal
WP expression to a function of narket and technol ogi cal paraneters. In
other words, if the number of pure averting goods is at |east as great as
the nunber of synptoms, then marginal WP is observable.

Note that the K first order conditions in equations (7) are by
t hensel ves useless in solving for WP since each of these equations
contains a unique nmarginal utility term U in addition to the J unknowns
uUj. Equations (7) then are K equations in (J + K) unknowns. That is, the

first order conditions for the inmpure averting goods do not provide enough
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tnformaticon to sofve for WP because of- the direct inpacts these goods have
on utility.

To illustrate the method of solving for WIP in terns of observable
paraneters, it is helpful to rewite the marginal WP expression and the
first order conditions for the pure averting goods in matrix terns. Define

T

- T
the vectors [r] = [r ., . . . r 17 [wc'1 = W6, . . . WG, 175 [wU'] = [y,

T T
. . uUJ] 3 [S&] = [Sla . . . Sja] » where the superscript T indicates

transposition. Let [S'] be the (I - K x J) matrix whose typical element is
Sji = asj/avi, i=K+1, ..., I,j=1, .. ., J. Marginal WIP then can
be expressed as

22 = -tuu'] + we' DTS ). (9)

The first order conditions for the pure averting goods can be rewitten as
[$"] [wU'] = [r] + [S']{WG']. (8')
Solving for the benefit expression in terns of market and observable

parameters then involves solving equation (9') for the vector [uwU'] and

substituting the result into equation (8). There are three cases to
consi der
Case 1: 1-K=J. If the number of pure averting goods is equal to

t he nunber of synmptoms, then assumng the rows of [S'] are linearly

i ndependent ,
o'l = ("1 r] + WG] (11)
and
9A -1 T
3¢ = ~(S"] TIrD IS 1. (12)
Case 2: | - K> J. [f the nunber of pure averting goods exceeds the

nunmber of synptons, then any subset of J rows of the matrix [S] can be
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used to obtain equations (11) and (12) Since all of the first order
conditions nmust hold, any subset of them can be used to solve for WIP. In
this case the nodel provides nore information than the mnimum necessary to
compute WIP; the additional information can be used to test the npbdel since
WIP must be the same regardl ess of which of the (I - Ky!'/(J!'[I - K- J)
met hods of cal culating WIP are used

Case3: 1 -K<J. [f the number of pure averting goods is less than
t he nunmber of synptomns, then marginal WIP cannot be expressed as a function
of market and technol ogi cal parameters. The nodel does not contain enough
information to solve for WIP as a function of observable variables

The condition for expressing marginal WIP in terns of observable
paraneters, then, is that the nunber of pure averting goods be at |east as
great as the nunber of household outputs affected by pollutiof.h e
present analysis is a generalization both of Hori’s work and of the
averting behavior literature. The nodel presented above reduces to Hori’'s
model if there are no inpure averting goods (K = Ol.n that case the
condition for observability of WIP is | > J, which is Hori's resulT.he
exi sting averting behavior nodels represent the even nore special case of K
=0, I =J = 1. In that case, the one pure averting good provides just
enough information to value pollution.

Al 't hough the nargi nal WIP expression in equation (12) is sinply a
generalization of equation (12) in Chapter 2, the interpretation of the WIP
expression in the nore general nodel is not imediately apparéhte next
section provides an interpretation of the WIP expression and illustrates a

met hod for valuing the synptons as well
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3.4 AVERTI NG EXPENDI TURE AND THE VALUE OF SYMPTOMS

To maximze utility subject to a budget constraint, the individual
must produce the household outputs at mninmm costAnot her way of | ooking
at the consumer’s problem then, is in twstages. In the first stage the
i ndi vidual minimzes the cost of producirany |evel of synptons; in the
second stage utility is maximzed subjedto a budget constraint that
includes the synptom cost function from stage one. This two-stage approach
often is used in the household production literature.

Define the joint synptom costfunction or averting expenditure

function as the optimal value of the objective function for the first-stage

probl em
C(Sl’ e . ey SJ, Vl’ . VK; H, o, §)
P v
=min{ T V,r |S°=8.(VS, . . ., VS,V .., . . ., V.3 H, a, 8),
j=k+1 I 1 h| h| K’ 'K+l I
j=1, . . ., Jh
The first order conditions are
J
r, - IIN,S,, =0 i=K+1, ..., 1 (14)
1 . _ 3 J1
j=1
S?_S.')=0 ‘=19~~-9Js 15
PR 3 (15)
wher e H‘j is the Lagrangian multiplier associated with the j th constraint.
Using the envel ope theorem
C. =1, i=1, . . ., J
i i J (16)
J
C =-%¢I,s, =-IC.S, .
a j=1 1 jo j ja (17)

The Lagrangian multipliers Hj are the marginal costs of the synptons, and
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the marginal effect of air pollution on the total cost of producing a given
| evel of synptons is given by equation (17).

The dual to the second stage problemis to

k
min{Xry + IVpr + C) + UGS, o ., sJ)[
k=1
U° = U(X, 31" e e e 85, V), os VK)}. (18)

The optinal value of the objective function of this problemis of course
the pseudo expenditure function

The envel ope theorem can be used to show that

33 = 3a° (22)

Equation (22) provides the interpretation of marginal WIP in the
averting behavior nodel: because of the individual’s optimzation process
the marginal benefits of a reduction in pollution are equal to the narginal
costs of that reduction. This result is due to the fact that air pollution
is playing a role for the household producer that is anal ogous to the role
of a fixed factor of production in the theory of the firm the inputed
value of pollution in production then is given by its effect on costs.
Because pollution affects the individual in this mdel only through its
inpact on health production, then the entire benefit of pollution reduction
is captured by the reduction in the costs of achieving a given level of
heal t h.

To conpute 3C/3a, however, the values of the J Lagrangian nultipliers
Hjnust be determ ned. These J unknowns appear in (I - K) first order
conditions and can be determ ned provided (I - Ky >J. Thus the condition
that the nunber of pure averting goods be at |east as great as the nunber

of symptoms is necessary in order to compute the marginal costs of the
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synpt ons CJ by the first order conditions in equations (21), these
mar gi nal costs are equal to the marginal values of the synptons.

The synptom cost function or averting expenditure function illustrates
two results for marginal welfare neasurenent. First, the marginal WP for
a pollution reduction is equal to the narginal inpact of that pollution
reduction on the total cost of producing a given |level of synptons.
Second, the marginal value of a synptomis equal to the marginal cost of
producing that synptom

The cost function also is useful in solving for nonmarginal welfare
measures. The conpensating variation for a reduction in pollution given by

equation (1) can be expressed as

1
a
oA
[ao CLAPR (23)

By equation (22), this is equivalence to

1
[¢3
aC
[0 30°%- (24)
a
If (1 K =J, then 3c/3a can be expressed entirely in terms of market and

technol ogi cal paraneters, in which case know edge of the cost function

woul d provide an exact measure of nonnarginal welfare change.

3.5 WELFARE MEASURES I N THE | NPUT MARKET

This section will explain briefly the Bockstael -MConnell results in
the context of the inpure averting goods nodel. The conpensated demand
curve for a pure or inpure averting good can be found by differentiating
the pseudo-expenditure function with respect to that input's price:

dA °
'a—r— = Vi(rx, rl, o o o9 rI, W, H’ o, 6’ U )- (25)

i
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The change in the area behind this demand curve when pollution changes by

Aa = al - ao is

;i(ao) .
- o
/;o Vi( , 0, U )dri

/';i(al)v (- al U°®)dr, -~
r; it’? ’ i .
whererz is the prevailing price and?i(a)is the choke price. Bockst ael
and McConnell showed that the change in the area behind the conpensated
demand curve will equal the compensating variation if V,is a necessary
i nput, provided that adoes not enter the preference function directly.
Since this approach does not require solving for marginal utility terms, no
restrictions on the nunber of inputs or outputs are required

Utility constant demand curves are not readily observable, but in the
averting behavior nodel, the utility constant demand for a pure averting
good is equal to the output constant cost-mnimzing denmand for that good.
Because the cost-mnimzing demands are observable, an exact neasure of
wel fare change can be derived in the market for a pure averting good.
Alternatively, the area behind the Marshallian demand curve (consumner
surplus) for a pure or inmpure averting good can be used to approximate the
true WP measure. Just et al. (1982) have extended WIlig s (1976)
analysis to show that no nore than a five percent error would be made in
using consuner surplus as a neasure of conpensating variation provided that
one-hal f of the product of exogenous inconme elasticity and the ratio of
surplus change to total exogenous incone is less than 0.05 in absolute

val ue.
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3.6 ESTIMATING THE DI SUTILITY OF ILLNESS

As nentioned in the literature review, one of the key differences
between the cost of illness method and the averting behavior nethod is that
the WP expression derived fromthe latter includes the nonetary val ue of
the disutility of illness, while the cost of illness does not attenpt to
measure this quantity. The magnitude of this utility termthen would be
indicative of the divergence between WIP and CO.

The averting behavi or method provides a neans of estimating the
monetary value of the marginal disutility of air pollution-induced illness
Using equation (9),

A
3a - VIG5, = —u§ujsja. (27)

The WIP for an air pollution reduction can be estimted using the SPFs as
described in Sections 3.2 and 3.3, or using the demand for a necessary
input as in Section 3.4. The time |lost from market and nonmnarket
activities can be estimated using observable variables and then val ued at
the wage rate. Subtracting the value of time lost from WIP then all ows
recovery of the nonetary value of the marginal disutility of air

pol | ution-induced illness.

3.7 TOMRD | MPLEMENTATI ON:  ESTI MATI NG WI'P

The analysis of this chapter has suggested a nunmber of nethods of
estimating WP based on averting behavior. One nethod is to estimate the
synpt om production functions and invert the matrix of marginal products
[S'] as in equation (12). If the number of synptoms is greater than two or
three, however, this would be a tedious process. An alternative is to
estimate the synptom cost function or averting expenditure function and to
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obtain WP for synptoms or for pollution by sinple differentiation of that
function. Both the SPF and cost function nethods require that the nunber
of pure averting goods be at |east as great as the number of synptons, but
as a practical matter, there is no guarantee that this condition will hold.
Consi der, for exanple, some averting behaviors for air pollution: nedica
care, air purifying, air conditioning in the home or car, spending |ess
time outdoors or other changes in leisure activities, taking a recreationa
trip outside the area. It mght be argued that the first two averting
behaviors in this list are not direct sources of utility, but the others
al nost certainly are. Wiile the above |list may not exhaust all possible
averting behaviors, it provides only two pure averting goods. Prior

bi onmedi cal evi dence, on the other hand, suggests that there are nine
synptons which definitely can be associated with ozone exposure (see
Chapter 4). It seens doubtful that seven more pure averting goods could be
found, making estimation of WIP a more conplicated matter.

There are several ways to get around the nunbering restriction on the
pure averting goods and synptoms. One way is to respecify the nodel; two
respecifications will be considered bel ow

First, suppose that the averting behaviors can be divided into two
groups: (1) avoidance behaviors, which reduce personal exposure given the
anbi ent concentration of air pollution, and (2) mtigating behaviors, which
reduce synptons given the |level of personal exposure.

The avoi dance goods would include such itens as air purifiers and
conditioners, while the nmitigating goods mght include nmedical care and
medi cations. In such a nmodel, WP for air pollution can be expressed in

terms of market and technol ogi cal parameters provided only that there is
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one avoi dance good which is not a direct source of utility. The WIP for
sympt ons, however, can be reduced to a function of observable variables
only if the number of mitigating goods is at |east as great as the nunber
of synptomns.

To illustrate this nodel, suppose there are three synptons and two
averting behaviors, one of which, M is a nitigating good, the other, V,
bei ng an avoi dance good used to reduce exposure, E. The pseudo expenditure

function is

A - — 1
() mln{XrX + MrM + VrV + WG(Sl, S

50 Sp|U° = UK, S1s Sy s3)} (28)
where Sj = Sj[M, E(V, )], j =1, 2, 3. The first order conditions are, in

addition to the constraint,

ry - uUX =0 (29)
+ -
Ty * WIGS, WIULS. (30)
J J
ry + w§cjsjEEV - uinsjEEv = 0. (31)

WP for a reduction in pollution is

LY. WEG,S, E - uIU.S._E
Ja . jJ jE a . J jE a
J ]
T
\i
= - —E. (32)
EV a

Most data sets do not contain data on E, however. But using the

composite function rule, SjV = SjEEV and Sja = SjEEa’ j=1, 2, 3. Thus
3A ‘v s _ (33)
== - ) j =1, 2 3. 33
Ja SjV jo

Despite the fact that there are three synptoms and only two pure averting
goods, WP for pollution can be expressed entirely in terns of observable

vari abl es. Clearly, all that is required is one pure avoi dance good.
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Moreover, in contrast to Bartik's (1986) approach, the |level of persona
environmental quality E need not be observed

Val uation of the individual synptons, however, still requires enough
information to recover the marginal utility termns -uUj. The simple
respecification presented above will not automatically provide this
information. To value the synptons, consider a second respecification of
the nodel. Suppose that there is a single “macro” averting good which is
uni que to each synptom These macro averting goods are conposed of sone or
all of the averting activities Vl’. o Vi> but the weight attached to
any V.i may vary according to which macro good is being constructed. In
this case, any one of the pure averting activities which make up the macro
good can be used to value a given synptom and valuation can proceed one
synptom at a tinme.

A third way around the problem posed by a | arger nunber of synptons
than pure averting goods is to use the Bockstael -MConnell input narket
analysis. Assuming a necessary averting good can be found, the welfare
effects of a change in air pollution can be evaluated using the area behind
the demand curve for that good.

The enpirical work presented in later chapters will use the follow ng
val uation procedure. Ozone wi Il be valued using the Mrshallian denmand
curve for nedical care. The value of time |lost due to ozone will be
approxi mated by estimating the value of the time lost from work.
Subtracting the latter fromthe former will allow recovery of the
disutility of ozone-induced synptons. Synmptonms will be val ued by

estimating the SPFs and using one averting activity to value each synptom
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CHAPTER 4

SAVPLI NG STRATEGY AND DATA DESCRI PTI ON

4.1 | NTRODUCTI ON

The data necessary to inplement contingent valuation and averting
behavi or approaches and to conpare themto the cost of illness were
collected from a sanple of 229 residents of two Los Angeles communities
over the period of July to Decenber, 1985. Two survey instruments were
designed to collect detailed information on neasures of respiratory health,
synptons, potential averting behaviors, and other personal characteristics
Col lecting detailed information fromthe subjects necessitated keeping the
recall period short; thus respondents were asked to provide data for the
two days imediately preceding the day of the survey. Respondents were
contacted an average of just under four tinmes during the six nmonth sanpling
period. Considering the two days’ worth of data collected at each contact
as two individual observations then makes for a panel of just over 1800
observati ons.

The sanple was stratified so that alnmost 30 percent of the
observations were on individuals wth physician-di agnosed asthma
bronchitis, enphysema, or other |lung disease. As a result, enough data are
avai l abl e on inpaired individuals to allow separate benefit estimation for
the inpaired and normal groups. About two-thirds of the respondents are
residents of Gendora, a community with high levels of oxidant pollution

the remaining one-third of the respondents live in Burbank, which has |ower



| evel s of oxidant pollution. Al respondents were natched to a nonitoring
station within one nile of their hones.

This chapter explains the sanmpling methods and describes the data.
The next four sections describe the selection and recruitment of the
subjects and the choice of the two communities. Sections 4.6 and 4.7
describe the two survey instrunments, while Section 4.8 covers the
col l ection of pollution data. Finally, the last two sections of this
chapter present the construction of the panel of observations and present

descriptive statistics.

4.2 SOURCE OF SUBJECTS

Subjects for this research were drawn fromthe popul ati on studied by
Detels et al. (1979, 1981) in the Chronic Oostructive Respiratory D sease
(CORD) study (see also, Rokaw et al., 1980; and Tashkin et al., 1979). The
CORD study includes approxi mately 15,000 persons, who were aged 7 and
above, at the tinme of the first nobile lung function |aboratory
determ nations in the early 1970s. These individuals were residents of a
specific census tract in one of four commnities in the Los Angeles area
whi ch were sel ected because of historical exposure to different |evels and
types of air pollution, because of their denographic simlarity to each
ot her (median incone, proportion hone owners, nedian age, percent white,
etc.) and because of proximity to an air nmonitoring station of the South
Coast Air Quality Mnagenent District (SCAQVD). Al'l residents of
households in the selected area, exclusive of children under 7 years of age
and individuals physically unable to clinb the 10 steps to the |aboratory,
were invited to participate in the study. About eighty percent of the

invited residents actually participated in the study.
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Measurenents, including a battery of lung function tests and a
detail ed questionnaire on synptoms, snoking, residence and occupationa
hi stories and denographic information, were made in a nmobile lung function
| aboratory which was |ocated convenient to the population to be studied
Approximately five years after the first set of neasurenents in each
community, a second round of neasurements was perfornmed. Measurenents made
were the sane, and the questionnaire was nodified to update information
already collected. A third visit was nade to all conmunities except
d endor a. In this visit, limted neasurenents were nmade on study
participants who were available and willing to conme to the nobile
| aboratory for the measurements during the few weeks of the study. The
four comunities and information about the CORD studies in each are given
bel ow.

Bur bank (East San Fernando Valley); noderate oxidant pollution; 3,226
persons studies in 1973; 2,733 of these in 1978, 1,084 in 1983

Lancaster (Antelope Valley, edge of Mhave Desert, higher altitude
than the rest) selected for the study because of “clean air,”
Lancaster experienced a rise in oxidant air pollution that is only
slightly Iower than that of Burbank; 4,584 persons studied in 1973,
2,544 of these in 1979, 1,103 in 1982.
Long Beach (coastal community south of Los Angeles, oil drilling and
refineries) ; particulate and sul fur oxide pollution; 3,797 persons
studies i 1974, 1,828 of these in 1980 and 1,024 in 1983
G endora (East San Gabriel Valley); high levels of oxidant pollution
with sone sul fates; 3,858 persons studies in 1977, 2,117 of these in
1982.

4.3 SELECTION OF COWUNI TY
O the four CORD comunities, two were selected for inclusion in the

current study: Burbank and G endora. @dendora has nuch the higher oxidant

pollution levels, though this may be somewhat confounded by the higher
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sul fate |evels. The G endora CORD popul ation had its second round of
nmeasurenents nore recently, in 1982. In addition, two other studies of
sensitive individuals (persons with CORD and self-identified pollution
“responders”) have been performed in Gendora in the last tw years.

Burbank has nore noderate |levels of ozone pollution with |ess
contamnation with sulfates. The second round of measurenents was earlier,
in 1978, though the later restudy of available participants was done in
1983. Because the Burbank studies were started five years earlier, the
popul ation is five years ol der.

A panel of scientists (see Appendix D of CGerking et al., 1984) wth
investigative experience in health effects of oxidant air pollution
recommended that G endora be selected, primarily on the basis of the higher
levels of air pollution. The panel suggested that the G endora pollution
levels offered nore “criteria days” and nore opportunity to observe nore
noti ceable health effects.

The selection of a community with ozone levels high relative to the
rest of the U S., however, makes it difficult to extrapolate any results
obtained to other areas of the nation which have a | ess severe ozone
problem  Relative representativeness would be sacrificed to obtain nore
clearly observable differences. The frequency of poor air quality in
G endora also may lead to permanent accommodation on the part of residents,
i ncl udi ng i ndoor areas for physical activity and recreation, thus
m ni m zing the changes in behavior one mght expect in response to high
| evel s of ozone. The levels of ozone found in Burbank, on the other hand,

are nore representative of other parts of the U S wth an ozone problem
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Therefore, with attention to the panel’s recomendati on, both the
G endora and the Burbank CORD popul ation were used in this study. The
d endora subsanple included 147 individuals, while 76 individuals from

Burbank were included in the study.

4.4 SAVPLI NG

Using the Burbank and d endora CORD popul ations, individuals were
selected for recruitment. Selection was restricted to those still 1iving
in the sane census tract in the area, or, if they have noved, in the sane
proximty to the air quality nonitoring station.

Because of the confounding associated with smking, only those
i ndi vidual s who are non-snokers, or who are former snokers who have not
snmoked for at least two years, were eligible to participate. It would be
interesting to determine the conbined, perhaps synergistic, effects of
ozone exposure and cigarette snoking and perhaps the effect of ozone |eve
on cigarette snoking. However, the sanple size used for this study is not
sufficiently large for this objective, given the nunber of inportant
vari abl es associated with smoking such as nunber of years snoked, daily
amount of consunption, characteristics of cigarettes used, and the nunber
of other snokers in the househol d.

Subjects were identified as potentially eligible for recruitment if
they were between 25 and 59 years of age. Children were excluded as
primary respondents because of the problenms of interviewing them on the
phone. Age 25 was selected as the |owest |evel because |ung devel opnent is
conpleted by that age, and individuals at that age are nore likely to be
settled than younger adults. Age 59 was selected as the upper limt to

restrict the sanple to those drawn from the prine working popul ation.
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Gven of the economc nature of this study, one additional eligibility
criterion was inposed. All subjects are household heads working at | east
1600 hours per year at a regular job. A wage rate can be calculated for
such workers from which a value of time can be conputed. That value of
time is needed in order to inplement the ABM approach discussed in Chapter
3. The definition of a head of household was that used in the CORD study:
if an adult male was present, he was considered the head of the househol d.
An adult fermale was considered to be the head of the household if an adult
mal e was not present. The term*®“adult” did not include grown children of
the fenale head of househol d.

Sanpling was stratified by neasures of sensitivity or vulnerability.
Approxi mately 20 percent of the sanple were selected fromthe sensitive and
vul nerabl e category, while the remainder of the sanple is randomy selected
from individuals having normal respiratory function. The sensitive and
vul nerabl e category was defined to include individuals who have obstructive
respiratory disease (asthma, bronchitis, enphysema) or who have inpaired

lung function.

4.5 RECRU TMENT

The initial step in recruiting consisted of a |letter from Dean Detels
as principal investigator of the CORD study, explaining the new study,
encouraging their participation and explaining that the individual would be
called in the next week regarding the new study.

The second step was a phone call. During this call, the study was
more fully explained, questions were answered, required eligibility

criteria were ascertained (non-snoking, still live in the area, working
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full tinme) and agreenent to participate was obtained. Upon agreenent, an
i n-person baseline interview was schedul ed.

Following recruitnment, a letter was sent acknow edging the
participant’s agreenent, and describing the study and the terms of payment.
A copy of this letter, with a return envel ope, was included for the subject
to sign, record his or her social security number for paynment, and return.
If the copy was not returned by the time of the baseline interview the
data collector obtained the signature at that tine.

To reduce waiting time, recruitment proceeded sinultaneously on enough
individuals to fill both the normal and inpaired groups. To avoid bias
involved in recruiting the “easier” subjects, however, no one on a
random zed |ist, beyond the nunmber needed for the group, was recruited
until a refusal, ineligibility or transfer occurs among those within the
nunber needed. That is, if 30 persons were needed for a given group,
recrui tment proceeded simultaneously on the first 30 persons on the
random zed list. Person nunber 31 would not be recruited until it was
known that one of the first 30 was not a participant. I ndi vi dual s
definitely declining to participate on the first phone call were not
contacted further, Their identity was retained only to preclude further
contact in recruitnent.

The number of contacts with this panel of subjects necessitated paying
them if continued participation was to be assured. Each individual was
paid the sum of $5.00 per contact. Subjects in Gendora were contacted at
most five times (the baseline and four follow up interviews), while Burbank

subjects were contacted at nost three tinmes (the baseline and two
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followups). Sone subjects missed one or more contacts in both Burbank and

d endor a.

4.6 SURVEY | NSTRUMENTS

Two survey instrunents, a background and a followup survey, were
designed to collect the data necessary to inplement the cost of illness,
contingent valuation, and averting behavi or nethods. The surveys were
designed in a joint effort involving econom sts at the Universities of
Wom ng and Col orado, and epidem ol ogi sts and medical doctors at UCLA.  The
background survey was pretested by professional interviewers before the
surveying began. The followup survey consists primarily of a subset of
questions found on the background survey and hence was not separately
pretested. The background and fol |l owup surveys are included as Appendi x A
and B, respectively. Data were collected by a staff specially trained by a
professional interviewer to admnister the surveys.

The follow up survey, designed to be adninistered by tel ephone,
collects data for a two-day recall period on respondent’s synptons,
perceptions regarding air quality, work and leisure activities, and nedi cal
visits and nedi cation. The background survey, administered in the
participant’s hone follow ng recruitnent, obtained baseline health,
denographic, and activity data. Additionally, the background survey was
designed to collect the same type of data as the followup for the two days
preceding the day of the interview

A nore conplete description of the variables nmeasured by the two
instrunents, as well as nmeans and standard devi ations of these variabl es,

is presented bel ow.
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4.7 VAR ABLES MEASURED

To inplenent the cost of illness approach, data are required on tine
lost from work, medical expenses, and air pollution. The conti ngent
val uation nethod requires data on synptonms and respondent-reported
wi llingness to pay to avoid those synptons. The data necessary to
i mpl ement the averting behavior nethod are dictated by the theoretica
model presented in Chapter 3.

Begi nning with the budget constraint in the averting behavior nodel,
t he background survey collects hourly wage or annual salary data, depending
on how the respondent is paid, as well as the hours usually spent working
each day of the week, and the weeks worked per year. Both the background
and follow up surveys collect data on hours spent at work for each of the
two days preceding the interview, and these data are conpared to the hours
usual ly spent at work on the corresponding day of the week to construct
measures of work loss. Wik |oss nmeasures are inportant to inplenenting
both the CO and the ABM  The background and fol |l ow-up surveys al so
collect data on the noney prices of leisure activities, nedical care, as
well as the time spent in these activities.

Turning next to the estinmation of the symptom production functions,
t he background survey collects data on the inputs which are fixed in the
short run. These fixed inputs include neasures of the respondent’s health
status, standard denographic information, and some averting behaviors which
cannot be varied in the short run. Health status data are collected by
repeating the National Heart, Lung, and Blood Institute synptom and
respiratory disease questions. A nedical history is obtained of diseases

and medi cations which may inmply a special sensitivity to air pollution.
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Information is collected regarding typical usage of health care facilities
along with the associated noney and tine costs. In addition, any recent
contacts with the health care systemare recorded. Detailed occupationa
and denographic information are collected, including education, occupation,
industry and characteristics of the work environnent which may affect
respiratory health and synptoms, such as air conditioning at work and
exposure to substances at work that nmay affect breathing. The respondent’s
age, sex, race, and the nunber of dependents in the household also are
obt ai ned on the background survey. Averting behaviors which are fixed in
the short run include characteristics of the home environnment such as
presence and use of air conditioning, purifying, and filtering, fuel used
for cooking and heating, character and extent of insulation, and use of air
condi tioned cars.

Both the baseline and followup survey collect data on variable
averting behaviors for the two days preceding the interview Lei sure
activities and changes in those activities are covered in detail in an
attenpt to nmeasure the extent of averting behavior in response to ozone
levels. The anount of time spent outdoors and the nunber of trips outside
the area are included since changes in these variables also are possible
averting behaviors. Additionally, respondents are asked on the background
survey what, if anything, they do to avoid exposure to air pollution. This
question is included in case sone inportant averting responses were
over| ooked in the design of the survey.

Qutputs of the symptom production functions are measured on both the
background and follow up surveys. Prior bionedical evidence suggests that

there are nine definite and nine probable synptoms of ozone exposure (for
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exanple, see Tashkin et al., 1983). A list of 26 synptoms, including the
18 definite and probable ozone symptoms as well as eight nonozone synptons,
i s checked to discover whether the respondent experienced any of the
symptons during the preceding two days. For each synptom experienced,
information is obtained on the duration and intensity of the synptom and
the respondent’s |evel of exertion at the onset of the synptom
Additionally, for each synptom experienced in the past two days, a
contingent valuation question asks the maxi mum anount of noney the
respondent woul d have been willing to pay to have avoi ded that synptom for

one day.

4.8 AIR QUALITY MEASURES

Air pollution data were obtained fromthe nonthly listing of daily
maxi mum hourly and average hourly val ues of ozone and other pollutants from
the South Coast Air Quality Measurenment District. Subjects living in
G endora were assigned pollution readings fromthe Azusa station (nunber
60), while Burbank subjects were natched to the Burbank station (nunber
69). The pollution neasures used are the daily maxi mum one hour reading
for ozone (Qz), sulfur dioxide (S02), and oxides of nitrogen (NOX). Future
research will incorporate additional pollution measures, such as total
suspended particulate (TSP).

The data contain a few mssing values for each of the three pollution
measures used in the study. Sanpling with the background survey instrunent
began in early July, 1985, and sone follow up surveys were conducted in
early Decenber, 1985. (Ozone readings were obtained only for the period
Jul y- Novenber; the nmissing Decenber observations were set equal to the nean

of the Novenber daily maxi mum hourly ozone readings. The entire sanple
93



nmean of the ozone measure was not used to replace mssing observations
because of the seasonal nature of ozone pollution. Ozone is lower in the
| ate autum and winter nonths, which is the period with the m ssing ozone
data. For both SO2 and NOX, data were mssing for Novenber and December,
and sanmple means were used to substitute m ssing values for these

vari abl es. Prelimnary regressions using NOX produced unsatisfactory
results; together with the mssing data, this forced the exclusion of NOX

from further enpirical work

4.9 CONSTRUCTI ON OF THE PANEL

As mentioned previously, data were collected for a two-day period each
time the subjects were contacted. Observations then were defined in terns
of the “person-day”; that is, there are two observations, one for each day,
for every contact with a given subject. Constructing the sanple in this
manner results in a panel of 1820 observations. The panel used in this
research is unusual in one inportant respect: observations on different
cross sectional units are not drawn fromthe sanme tine periods. In other
words, the two-day period covered in, say, the second contact with one
subj ect need not be the same two-day period covered in the second contact
wi th another subject. Designing the research to create a nore typica
panel, where the observations on different cross sectional units are drawn
fromthe sane time period, would have resulted in nuch less variation in
air pollution nmeasures across the sanple, and hence made it nore difficult
toidentify a relationship between air pollution and either health or

averting behavior.
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4,10 DESCRI PTION OF THE DATA

Variable definitions, means, and standard deviations are presented in
Tables 4.1 through 4.3. In each of these tables, the left hand col um
lists variable names, and the three right hand colums present neans and
standard deviations for the normal subsanple, the inpaired subsanple and
the whole sanple. The whole sanple includes all 1820 observations. The
i mpaired subsanple consists of all observations on respondents who reported
physi ci an-di agnosed asthma, bronchitis, enphysema, or other |ung disease,
whil e the nornmal subsanple consists of all observations on respondents who
did not report any of these respiratory disorders. There are 490
observations (27 percent of the total) in the inpaired group and 1330 (73
percent of the total) in the nornmal group

The neans reported in Table 4.1 indicate that asthma is the nost
common respiratory ailment anong the inpaired group. Over 16 percent of
the whole sanple are asthmatics, while only two percent have enphysema
Note that in the inpaired group, indicators of ill health are nmore than
twice as prevalent than for the normal group. Despite the greater
frequency of respiratory health problens anong the inmpaired group, only two
percent of the observations classified as inpaired correspond to
i ndividuals who feel that their health is poor. Less than one percent of
the nornmal observations fall in the category POOR

Turning to the denographic variables reported in Table 4.1, there
appears to be little difference in the socioeconomc characteristics of the
normal and inpaired groups. In particular, the neans of hourly wages and
total household annual inconme are nearly identical across the two

subsanpl es.  The whole sanple is predomnantly male, white, and married
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The characteristics of the work environment reveal a surprising
feature of these data. A greater percentage of the inpaired group are
exposed to a substance at work which affects their breathing and |ack air
conditioning in the workplace. Additionally, the inpaired group spends
nore time on average outdoors while at work. Each of these factors would
be expected to increase adverse reactions to air pollution.

The characteristics of the home environment neasured on the background
survey consist primarily of appliances which are expected to affect the air
quality inside the home. Since individuals can control the purchase and
use of these appliances, they are potential averting behaviors, at least in
the long run. Gas stoves, for exanple, are believed to be a significant
source of NO2; note that a smaller percentage of the inpaired group cook
with gas. As expected, the inpaired subsanple contains relatively nore
observations with air purifiers in the home and air conditioners in the
car. That pattern is reversed for hone air conditioning, where a greater
percentage of the normal observations have air conditioning at home.

Somewhat surprisingly, the inpaired group tends to spend nore |eisure
as well as working, tine outdoors than the normal group. About ten percent
nore of the inpaired subsanple have a regular doctor than the nornal
subsanple; the prices paid for medical care appear to be simlar for both
gr oups.

In contrast to installing new appliances in the home or car, there are
some short run adjustnents in behavior which may be used to reduce air
pol lution exposure or its effects. For exanple, one could go to a doctor,
spend nore time indoors, or take a trip outside the area. Sur prisingly,

the normal group reported a greater frequency of seeing a doctor than the
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inmpaired group during the days covered by the survey, despite the fact that
the average nenber of the inpaired subsanple typically visits the doctor
more frequently than the average nember of the normal group.

For the few cases which contained mssing values of the variables
listed in Table 4.1, the general procedure was to replace mssing val ues
for continuous or discrete variables with sanple nmeans or sanple nodes,
respectively. Mssing values were rare for the variables reported in Table
4.1. For exanple, none of the health status measures were m ssing, and
very few of the denographic variables had any mssing values. Total family
income was unavailable for one respondent, while the hourly wage figure was
m ssing for six respondents. Sanpl e nmeans were used to replace these
m ssing val ues.

Apart from missing values for the air pollution measures, which were
discussed in Section 4.8, the only variable in Table 4.1 with more than two
or three mssing values is FPMED. The reason FPMED has a |arge number of
mssing values is that it is undefined for those respondents w thout a
regul ar doctor, meaning that it is undefined for about 16 percent of the
sanpl e. The overall sanple mean of FPMED was used to substitute for
m ssing values. An alternate procedure would have been to use the neans of
DOCPRI CE, DOCGET, and DOCWAIT in conjunction with the observed val ue of
WACE for the missing cases.

Descriptive statistics for the 26 synptons are reported in Tables 4.2
and 4.3. The nine definite ozone synptoms are listed in Table 4.2, along
with some associated information on duration, intensity, and contingent
valuation estimates of willingness to pay to avoid the synptons. The

enpirical results presented in the followi ng chapters pertain to these
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definite ozone synptoms; as a consequence, |less information is presented
for the 17 synptoms listed in Table 4.3. In both Tables 4.2 and 4.3, the
symptons take the value unity if the respondent reports experiencing that
synptom on a given day, and the val ue zero otherw se. Thus the nean
reported for a synptom represents the proportion of person-days on which
the synptom was observed. In Table 4.2, the nmeans for the variables
“Duration, " “Constant,” and “CVM bid,” are means of these vari abl es, gi ven
that the associated synptom was reported. Recall from Chapter 2 that these
conditional neans are biased estimates of the true popul ation nmeans of
these variables owing to sanple selection bias.

The “Duration” variables in Table 4.2 were constructed as a neasure of
the number of hours the associated synptom was experienced. A question on
the survey asked whether or not the synptom was experienced in the norning
the afternoon, the evening, and the night. In constructing the duration
variables, it was assumed that experiencing the symptom for any of these
time periods amounted to six hours of suffering from the symptom  The
variable “Constant” takes the value unity if the respondent experienced the
symptom constantly and zero if the synptom was off-and-on. The CVM bids
whi ch are considered at greater length in Chapter 7, are the respondents
self-reported WIP to avoid one day of the synptom The CVM bids reported
in Table 4.2 are sonewhat |arger, but of an order of magnitude simlar to
the bids reported in Geen et al. (1978) and Berger et al. (1986). On the
basis of CVM evidence alone, it would appear that avoiding synptons is
worth nore than $100 per day per synptom

M ssing values were nore prevalent for the duration, constancy, and

CYM bid variables than for the other variables nmeasured by the survey
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instrument. For exanple, even when a synptom was experienced, there often
was no information on its duration. [f no information was available for
duration, it was assigned the value zero. Thus the neans presented in
Table 4.2 for duration underestinate the actual length of tinme the synptons
were experienced. Additionally, for the whole sanmple, when a definite
ozone synptom was experienced, between two and ten values of the CVM bid
were nissing. Mssing values for the CYM bid may represent rejection of
the contingent valuation question and hence were excluded in calcul ating
the mean bids reported in Table 4.2.

Data on the existence of the synptoms are conplete. No nissing val ues
were found for any of the 26 synptons.

The nean val ues of the synptons reported in Table 4.2 and 4.3 revea
that, as expected, individuals in the inpaired group tend to experience
each of the synptons nore frequently than those in the normal group. The
difference in frequency of synptons is especially striking for the definite
ozone synptom “wheezing/whistling breath,” which is experienced seven tines
nore frequently in the inpaired subsanple. This synmptom often is
associ ated with asthm. O her definite ozone synptons are experienced
three to four times as frequently in the inpaired subsanple. Table 4.2
al so reveals that mean expressed WIP to avoid one symptom day is higher for
the inpaired subsanple than for the normal subsanple, replicating a result

of Loehman et al. (1979) and Loehman et al. (1981).
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TABLE 4.1. SAMPLE MEANS AND STANDARD DEVI ATIONS FOR ALL VARI ABLES

EXCEPT SYMPTOMS

Normal Impaired Whole
Subsample Subsample Sample

A. Health Status Measures

ASTHMA = 1 if respondent has physician-diagnosed 0 .600 .162

asthma, 0 otherwise. T (.490) (.368)

BRONCH = 1 if respondent has physician-diagnosed 0 .290 .078

bronchitis, 0 otherwise. T (.454) (.268)

EMPH = 1 if respondent has physician-diagnosed 0 .078 021
emphysema, 0 otherwise. T (.268) (.143)

OTHOIS = 1 if respondent has physician-diagnosed 0 .314 .085

other respiratory disease, 0 otherwise. oo (.465) (.278)

FLEMCO = 1 if respondent reports chronic cough or 171 457 .248

phlegm, 0 otherwise. (.376) (.499) (.432)

SHRTWHZ = 1 if respondent reports chronic .051 .424 .152

wheezing or shortness of breath (.220) (.495) (.359)

HAYFEV = 1 if respondent has physician-diagnosed .170 .339 .215

hay fever, 0 otherwise. (.376) (.474) (.411)

RESPINF = 1 if respondent reports a lot of trouble .008 .073 .025

with respiratory infections in the past (.086) (.261) (.157)
three years, 0 otherwise.

POOR = 1 if respondent’s subjective evaluation of .008 .020 .012
own health status is “poor,"” 0 if (.091) (.142) (.107)
“excellent," "good," or "fair."

B. Demographic Variables

AGE = years since birth. 47.246 48.465 47.574

(7.558) (8.171) (7.745)

SEX = 1 if male, O if female. .925 .935 927

(.264) (.247) (.259)

MARRIED = 1 if married and living with spouse, .880 .927 .892
0 otherwise. (.325) (.261) (.310)

NDEPEN = number of dependents. 3.528 3.412 3.497
(2.024) (1.252) (1.849)

EDGRADE = years of formal education. 14.781 14.514 14.709
(2.691) (2.365) (2.609)

BLUE "1 if blue collar worker, O otherwise. 271 .376 299
(.445) (.485) (.458)

CONS = 1 if work in construction industry, 114 .118 .115
0 otherwise. (.318) (.323) (.320)

MFG = 1 if work in manufacturing, O otherwise. .284 .253 .276

(.453) (.435) (.448)

TRASERV = 1 if work in wholesale/retail trade .408 408 .408

or in services, 0 otherwise. (.492) (.492) (.492)

INDOTHR = 1 if CONS, MFG, TRASERV all equal 0, .195 220 .202

0 otherwise. (.396) (.415) (.401)

WAGE = hourly wage in dollars. 17.795 17.762 17.786

(9.178) (17.678) (12.067)
INCFAM = total household annual income in 527.183 555.010 534.675
hundreds of dollars. (185.954) (262.500) (188.385)

C. Characteristics of Work Environment

EXPWRK = 1 if exposed to some substance at work .354 .498 .393

which affects breathing, 0 otherwise. (.478) (.501) (.489)

ACWRK = 1 if workplace is air conditioned, .768 747 .763
0 otherwise. (.422) (.435) (.426)

OUTWRK = hours usually outside during working day. 2.389 2.700 2.473

(2.821) (3.200) (2.930)

WRKESGV = 1 if work in the East San Gabriel Valley, 422 494 441

0 otherwise. (.494) (.500) (.497)
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Table 4.1, continued

Normal Impaired Whole
Subsample Subsample Sample
c. Characteristics of Work Environment, continued
WRKMON = hours usually worked Monday. 8.753 8.714 8.742
(1.645) (1.706) (1.661)
WRKTUES = hours usually worked Tuesday. 8.689 8.849 8.732
(1.763) (1.471) (1.691)
WRKWED = hours usually worked Wednesday. 8.797 8.694 8.769
(1.538) (1.733) (1.593)
WRKTHUR = hours usually worked Thursday. 8.811 8.829 8.816
(1.557) (1.448) (1.528)
WRKFRI = hours usually worked Friday. 8.671 8.859 8.649
(1.800) (1.930) (1.836)
WRKSAT = hours usually worked Saturday. 1.146 1.331 1.196
(2.555) (3.044) (2.696)
WRKSUN = hours usually worked Sunday. .365 .469 .393
(1.663) (1.760) (1.690)
WRKDAY = 1 if day is usually a work day, .823 .759 .805
0 otherwise. (.382) (.428) (.396)
WRKHRS = hours worked that day. 5.893 6.418 6.035
(6.330) (6.126) (6.278)
WLH = work loss hours = hours usually worked -1.646 -2.725 -1.852
that day less WRKHRS. (0.986) (0.972) (0.985)
WLHO1 = 1 if WLH > 0, 0 otherwise. .059 .091 .068
(.237) (.289) (.251)
WRKLOSS = hours missed from work if WLH > 0O, 1.646 2.824 2.051
undefined otherwise. (1.899) (3.176) (2.464)
D. Characteristics of Home Environment and Long Run
Averting Behaviors
CASCOOK = 1 if cook with natural gas, 0 otherwise. .902 .873 .894
(.298) (.333) (.308)
GASHEAT = 1 if heat with natural gas, 0 otherwise. .958 1.000 .976
(.162) (.152)
ACHOME = 1 if home is air conditioned, O otherwise. .796 767 .788
(.403) (.423) (.409)
APHOME = 1 if have some type of air purifying/ .087 127 .098
filtering system at home, O otherwise. (.282) (.333) (.297)
INSUL = 1 if house is insulated, 0 otherwise. .942 951 .945
(.234) (.216) (.229)
TRAFFIC = 1 if live with 2 blocks of major street, .789 .800 792
0 otherwise. (.408) (.400) (.406)
ACCAR = 1 if car is air conditioned, 0 otherwise. .686 .780 711
(.464) (.415) (.453)
MPG = miles per gallon of the car usually driven. 20.992 20.449 20.846
(7.816) (8.007) (7.870)
UOUT = total hours usually outdoors on that day 3.840 4.918 4.130
of the week. (3.212) (3.547) (3.339)
ULOUT = leisure hours usually outdoors on that 1.933 2.778 2.160
day of the week. (2.452) (3.173) (2.691)
DOCREG = 1 if have a regular doctor, 0 otherwise. .812 .910 .838
(.391) (.286) (.368)
DOCPRICE = out of pocket expense at regular 21.305 19.420 20.798
doctor. (39.920) (17.620) 35.334)
DOCCET = minutes commuting time to regular” doctor. 10.544 14.633 11.645
(9.937) (13.615) 11.192)
DOCWAIT = minutes waiting time at regular doctor. 18.974 17.469 18.569
(16.560) (17.218) 16.748)
FPMED = full price of medical care at regular 30.128 29.307 29.907
doctor = (WAGE/60)(DOCGET + DOCWAIT) + (41.570) (26.717) (38.139)

DOCPRICE.
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Table 4.1, continued

Normal Impaired Whole
Subsample Subsample Sample
E. Short Run Averting Behaviors
MED = 1 if respondent saw doctor on that day, .062 .037 .055
0 otherwise. (.241) (.188) (.228)
OUTHRS = hours spent outdoors on that day. 1.378 1.606 1.439
(2.380) (2.687) (2.467)
RECTRIP = 1 if respondent took a recreational .104 .094 .101
trip outside the area during the two day (.305) (.292) (.302)
survey recall period, 0 otherwise.
MEDIC = 1 if respondent took more medication than .045 .052 .048
usual that day, O otherwise. (.472) (.531) (.489)
BEDMORE = 1 if respondent spent more time than .050 .084 .059
spent more time than usual in bed, (.217) (.277) (.235)
0 otherwise.
BEDLESS = 1 if respondent spent less time than .030 .027 .029
usual in bed (.171) (.161) (.168)
F. Air pollution measures
0ZO = daily maximum of hourly ozone concentrations 10.378 9.798 10.222
for that day, in pphm (5.887) (5.215) (5.727)
S02 = daily maximum of hourly sulfur dioxide .934 .918 .930
concentrations for that day, in pphm. (.380) (.374) (.378)
NOX = daily maximum of hourly oxides of nitrogen 15.117 15.266 15.157
concentrations for that day, in pphm. (6.779) (6.815) (6.787)
G. Description of Survey
GLENO = 1 if observation came from Glendora .168 .159 .165
baseline, 0 otherwise. (.374) (.366) (:371)
GLEN1 = 1 if observation came from Clendora .167 .155 .165
follow up 1, 0 otherwise. (.373) (.362) (.371)
CLEN2 = 1 if observation came from Clendora .167 .155 .164
follow up 2, 0 otherwise. (.373) (.362) (.370)
GLEN3 = 1 if observation came from Glendora .159 .139 .154
follow up 3, 0 otherwise. (.366) (.346) (.361)
GLEN4 = 1 if observation came from Glendora .120 .106 116
follow up 4, 0 otherwise. (.325) (.308) (.273)
BURBO =1 if observation came from Burbank .075 .098 .082
baseline, 0 otherwise. (.264) (.298) (.273)
BURB1 = 1 if observation came from Burbank .077 .098 .081
follow up 1, 0 otherwise. (2.66) (.298) (.273)
BURB2 = 1 if observation came from Burbank .066 090 074
follow up 2, 0 otherwise. (.249) (.286) (.259)
MON = 1 if observation on Monday, 0 otherwise. 191 .147 .179
(.393) (.354) (.384)
TUES = 1 if observation on Tuesday, 0O otherwise. .359 367 .361
(.480) (.483) (.480)
WED = 1 if observation on Wednesday, O otherwise. .089 .086 .088
(.284) (.280) (.283)
THURS = 1 if observation on Thursday, 0 otherwise. .129 110 124
(.336) (.313) (.330)
FRI = 1 if observation on Friday, O otherwise. .041 .033 .038
(.197) (.178) (.192)
SAT = 1 if observation on Saturday, 0 otherwise. .059 .098 .070
(.236) (.298) (.255)
SUN = 1 if observation on Sunday, 0 otherwise. .054 .086 .063
(.226) (.280) (.242)
WEEKEND = 1 if SAT = 1 or if SUN = 1, 0 otherwise. 114 .184 132
(.317) (.388) (.339)

‘Standard deviations in parentheses.
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TABLE 4.2. SAMPLE MEANS AND STANDARD DEVI ATIONS FOR DEFI NI TE QZONE
SYMPTOVS AND ASSCCI ATED Vari abl es

Nor mal | npai red Whol e
Subsanpl e Subsanpl e Sanpl e
Pain on Deep Inhalation .038 . 088 . 052
(.192) (.283) (.221)
Dur ati on 1. 059 4.186 2.489
(3.379) (7.694) (6.058)
Const ant . 020 . 256 . 128
(.140) (.441) (.335)
CWM Bi d 41.500 193. 600 109. 100
(197.897) (378.298) (300. 082)
Could not Breathe Deep .034 . 084 . 047
(.181) (. 217) (.212)
Dur ati on 1.733 2.049 1.884
(4.892) (6.519) (5.693)
Const ant . 022 . 073 . 047
(.149) (.264) (.212)
CWM Bi d 32. 045 271. 855 143. 177
(150.998) (422.511) (328.823)
Qut of Breath Easily . 024 .090 . 042
(.153) (.286) (.200)
Dur ati on . 188 . 204 .079
(1.061) (.421) (.688)

Const ant 0 0 0
CWM Bi d 255. 844 374. 440 323.155
(410.174) (456. 776) (438. 325)
Wheezi ng/ Whi stling Breath . 020 . 149 . 054
(.138) (.356) (.227)
Durati on 4.154 6.411 5.818
(7.918) (8.963) (8. 718)
Const ant . 115 . 260 . 222
(.326) (.442) (.418)
CWM Bi d 11. 542 333.746 252. 347
(24.060) (436. 135) (401.995)
Chest Ti ght .031 .135 . 059
(.173) (.342) (.235)
Durati on .439 .001 224
(2.074) (. 739) (1.410)
Const ant . 024 0 . 009
(. 156) (.097)
CWM Bi d 203. 825 197. 547 199. 962
(403.618) (349. 374) (369. 259)

103

(continued)



Table 4.2, continued

Nor mal | npai red Whol e

Subsanpl e Subsanpl e Sanpl e

Cough . 064 .192 . 098

(.245) (.394) (.298)

Dur ation . 565 . 319 . 436

(2.195) (1.615) (1.911)

Const ant 0 0 0

CVM Bi d 140. 272 205. 272 175. 243
(331.559) (336. 249) (334.690)

Throat Irritation . 056 . 124 .074

(.229) (.330) (.262)

Dur ati on 9.892 14. 951 12.178

(9.017) (8.529) (9. 124)

Const ant .514 .672 . 585

(.503) (.473) (.495)

CVM Bi d 45, 456 213. 737 122. 192

(171.774) (370.018) (291. 301)

Sinus Pain . 062 . 167 . 090

(.241) (.374) (.286)

Dur ati on 8.561 9. 000 8. 780

(8. 795) (9. 153) (8.951)

Const ant . 402 . 402 . 402

(.493) (.493) (.492)

CVM Bi d 97. 316 238. 750 168. 478
(267.293) (393. 701) (343. 225)

Headache . 092 . 190 . 118

(.289) (.393) (.323)

Dur ati on 10. 279 8. 065 9.321

(8.537) (8. 600) (8.614)

Const ant . 615 . 505 . 567

(.489) (.503) (.497)

CVM Bi d 126. 165 154. 055 138. 137

(302.008) (348.890) (322. 466)

‘Standard devi ations in parentheses.
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TABLE 4.3. SAMPLE MEANS AND STANDARD DEVI ATI ONS OF PROBABLE

AND NONOZONE SYMPTOMS

Nor mal | npai red Whol e
Subsanpl e Subsanpl e Sanpl e
A Probable Ozone Synptomns
Eye irritation .090 . 149 . 106
(.287) (.356) . 308)
Nose bl eed . 028 . 043 . 032
(.165) (.203) . 176)
Dry nose . 045 . 108 . 062
(.208) (.311) . 241)
Runny nose .076 . 176 . 103
(.265) (.383) . 304)
Phl egm . 054 . 210 . 096
(.226) (.408) . 295)
Di zzi ness/f ai nt ness . 035 . 047 . 038
(.183) (.212) .191)
Spaced out/disoriented . 007 . 033 .014
(.082) (.178) . 116)
Fast hear when resting . 017 . 082 . 035
(.130) (.274) . 183)
Swol | en gl ands .012 . 035 .018
(.109) (.183) . 133)
B. Not Ozone Synptons
Not see as well . 034 .078 . 046
(.181) (.268) .209)
Sensitive to bright Iight .038 .071 . 047
(.192) (.258) .212)
Voi ce husky . 056 127 .075
(.231) (.333) . 264)
Ti redness . 065 .171 . 094
(.247) (.377) .292)
Nausea . 009 . 020 . 012
(.095) (.142) .109)
Chills/fever . 006 .014 . 008
(.077) (.119) .090)
Pain in ears .011 . 022 .014
(.106) (.148) .119)
Ringing in ears . 048 . 037 . 045
(.214) (.188) .207)

‘Standard devi ations in parentheses.
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CHAPTER 5

ECONOMETRI C MODEL AND METHODOLOGY

5.1 | NTRODUCTI ON

This chapter outlines the econonetric procedures used to apply the
averting behavior theory discussed in Chapter 3 to the data described in
Chapter 4. Results fromthe analysis of averting behavior theory indicate
that estimation of the synptom production functions is a key elenent of the
i mpl ementation of the ABM  Three econonetric difficulties arose in the
synpt om production function (SPF) estimation. First, the dependent
variables in these estinmating equations indicate only the presence or
absence of a given synptom and hence are limted to the values zero and
unity. There are well known econonetric techniques designed to handle
limted dependent variables; these are reviewed briefly in Section 5.2.
The second problemin estinmating the SPFS is the joint determ nation of
symptons and averting behaviors which nmay lead to sinultaneous equations
bi as. Section 5.3 discusses the technique used to overcone sinultaneous
equations bias. Third, the data used in the enpirical analysis make up a
panel of multiple observations on individuals over time, a conplication
considered in Section 5.4. The econonetric specification of the averting
behavi or nodel, incorporating both linited dependent variables and
si mul t aneous equations, is presented in Section 5.5 and the chapter
concludes with an outline of the procedures used to estimate ozone and

synptom benefits.



5.2 LOG STI C ESTI MATI ON OF SYMPTOM PRODUCTI ON FUNCTI ONS

The dependent variables in the SPFs take the value unity if the
respondent reports experiencing the synptom zero otherw se. Severa
problens can arise when ordinary |east squares is applied to data
containing discrete dependent variables. Two of the npbst inportant
problens are (1) a linear regression may predict values for the dependent
variable outside the unit interval, and (2) the variance of the random
error is not constant across observations.

The two statistical nodels npbst frequently used to handle discrete
dependent variables are the probit and logit nodels, based on the nornma
and logistic curmulative distribution functions, respectively. The norna
and logistic distributions are difficult to distinguish from one anot her
unl ess there are a large nunber of observations or the data are
concentrated in the tails of the distribution (Aremiya, 1981). As a
result, probit and logit tend to produce sinilar paranmeter estinmates, and
in fact the estimted coefficients of one of these nodels can be estimated
by a constant nultiple of the coefficients of the other nodel. It is not
al ways clear, then, which nodel should be chosen; logit is used in this
research because it is conmputationally sinpler than probit.

In the logit nodel, it is assumed that there exists, for each observation
i, a continuous index Ii = XiB + ei wher e Xi is a vector of values of
expl anatory variables for the ith observation, Bis a paraneter vector
comon to the entire sanple, and ei is a random error. It is then assuned
that an individual chooses the occurrence of an event, such as a synptom
if the value of the index |i rises above sone threshold |evel such as zero

The probability that synptom S occurs then is given by
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Pr(slxi) = Pr(e; > -X;B) = 1 - F(-X}8B), (1)
where F(e¢) is the value of the logistic cumulative distribution function
eval uated at -XiB:

1
1+ exp(XiB)’ (2)

F(-X}8) =

where exp is the base of the natural logarithm
The estimated coefficients of the logit nodel do not indicate the
change in the probability of a symptom occurring for a small change in the
correspondi ng vari abl e. The marginal effect of regressor XH on the
probability of a synptomis
3 1 exp(~X; 8)

( ) + 5 * B. (3)
aXij 1 + exp(-X'R) 1+ exp(—XiB)] J

whereBj is the coefficient associated with Kj.

5.3 SI MULTANEQUS EQUATI ON ESTI MATI ON OF SYMPTOM PRCDUCTI ON FUNCTI ONS

If synptons and averting behaviors are jointly determned, then single
equation estimation of the SPFs will produce biased and inconsistent
estimates of the paraneters of the SPFs. In other words, the expected
val ue of the estimated paraneters of the SPFs will not equal the true
paraneter values, and this bias will not disappear as the sanple grows
| arger.

The data used in this research contain a classic exanple of joint
determ nation. Medical care would be expected to reduce sickness. Medica
attention is sought, however, when sickness occurs. Thus the data may
reveal a positive association between nedical care consunption and
si ckness. Simlar arguments extend to all of the averting behaviors which

can be varied in the short run (Crocker et al., 1979).
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In linear regression, one solution to sinultaneous equations bhias is
two stage |east squares. The first stage of this technique involves
estimating a set of reduced form equations in which a set of jointly
determ ned variables are specified as functions of all the exogenous
vari abl es of the nodel. In some cases, results from the reduced form
equations can be used in the second stage to identify the parameters of the
structural equations, which are the original equations of the mpdel. In
this second stage, the observed values of the jointly determ ned variabl es
are replaced in a structural equation by the values of these variables
predicted by their reduced formequations. The structural parameters can
be identified only if the nunber of exogenous variables excluded fromthe
structural equation is at least as great as the number of included jointly
dependent vari abl es. If the structural equation is identified, then two
stage | east squares provides biased but consistent estimates of the true
structural paraneters. An anal ogous two stage procedure, illustrated by
exanmpl e below, is available for nodels with linited dependent variables
Nel son and O son (1978) have shown that this procedure produces consistent

estimated coefficients.

To illustrate the two step procedure, consider the follow ng sinple
nodel
U= U(X,s) (4)
S =SM H a, s (5)
WT + A = er + Mr, + WG(S) (6)

where S = 1 if the synptom occurs, otherwise S =0 and M= 1 if nmedical
care i s consuned, otherwise M= O The other notation was defined in

Chapter 3.
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Equation (5) is the structural form of the SPF. Singl e equation
estimation of this expression would produce biased and inconsistent
estimates. An alternative is to estimate the reduced form nmedi cal denand
equation in equation (7)

M = M(r W, A, H, a, §). (7)

M’ Tx
The predicted values from the reduced form demand equation for nedica
A

care, denoted by M then may be used in place of Min the estimtion of the
SPF, as in equation (8):

S = S(ICI; H, a, ¢ (8)
Note that the SPF is over identified by exclusion restrictions since four
exogenous variables are excluded (r,, r,W A), while only one jointly

determ ned variable is included. The econonetric nodel presented in the

Section 5.5 is a generalization of the sinple model in this exanple.

5.4 PANEL DATA

A third econonetric problem encountered involves the nature of the
data. As discussed in Chapter 4, the data are made up of a panel of
mul tiple observations over tine. Unlike panel data usually encountered in
t he social sciences, however, neasurements on respondents in a given
baseline or followup occur on different days. In the typical situation,
thejt h nmeasur enent on the ith respondent woul d occur at the sanme tine.
One way to use the added information contained in the panel structure is to
specify each regression estimated in an error conponents franmework. (See
Judge et al., Chapter 13.) Yet this framework may be conplex and difficult
to inplement in light of the special characteristics of the panel

Consequently, a sinpler approach was adopted in which dumry vari abl es

i ndi cati ng: (1) city of residence for the respondent (d endora or Burbank)
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and (2) the source of the data (baseline interview or one of four followup
questionnaires) were included in each regression. These dummy variables,
defined in Chapter 4 as GLEN (i = O 1, 2, 3. 4) and BURB (i = O 1, 2),
account for tinme, but not individual effects. Tests of hypotheses based on
both reduced and structural form estimates, therefore, are conservative

since potentially relevant information is not used.

5.5 THE ECONOVETRI C MODEL
The estimated structural forms of the SPFs are

S =S (ASTHWA, BRONCH, EMPH, OTHDI S, FLEMCO, SHRTWHZ, (9)
J | HAYFEV, RESPINF, POOR, EDGRADE, AGE, SEX,

MARRI ED, GLEN1, GLEN2, GLEN3, BURBO, BURBI,

BURB2, WRKESGV, EXPWRK, ACWRK, ACCAR, ACHOME,

APHOVE, GASCOCK, MED, OQUTHRS, RECTRIP, S020,

Qz0),
where the index j runs over the nine definite ozone synptons: (1) could
not breath deep, (2) pain on deep inhalation, (3) out of breath, (4)
wheezi ngl whistling breath, (5) chest tight, (6) cough, (7) throat
irritation, (8) sinus pain, and (9) headache.

Since this' research is designed to estimate benefits of daily
occurrences of synptons, the follow ng averting behaviors are considered
fixed in the short run: ACCAR, ACHOME, APHOME, GASCOK. The three
remai ning averting behaviors are variable in the short run and hence are
considered jointly deternined variables: MD, OUTHRS, RECTRIP.  The
reduced form equations for these three averting behaviors are

V. =\ (ASTHVA, BRONCH, EMPH, OTHDI S, FLEMCO (10)
! SHRTWHZ, HAYFEV, RESPINF, POOR, EDGRADE, AGE,

SEX, MARRIED, GLEN1, GLEN2, GLEN3, GLEN4, BURBO

BURB1, BURB2, WRKESGV, EXPWRK, ACWORK, OUTWRK,

BLUE, CONS, TRASERV, |NDOTHR, WAGE, |NCFAM NDEPEN,

ACCAR, MPG ACHOMVE, APHOME, GASCOCK, ULQUT,
FPMED, DOCREG, WRKDAY, WEEKEND, S020, &ZzO), i =1, 2, 3,
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wher e Vl = MED, V, = QUTHRS, V,= RECTRIP. Additionally, a reduced form
work |oss equation, specified identically to equation (10), was estimated

The reduced forms include a nunmber of exogenous variables not found in
t he SPFs. The variables QUTWRK and ULOUT enter the nodel via the
structural outdoor hours equation, FPMED and DOCREG enter the structura
medi cal care equation, and the variable MPG is from the structura
recreation trip equation. The occupation and industry dunmes in equation
(10) enter the nodel via the structural forms for medical care and work
| oss, since these variables may proxy for health insurance and sick |eave
policies. Finally, WAGE, |INCFAM and NDEPEN coul d conceivably enter the
structural fornms for all three short run averting behaviors. However
exact specifications of the structural fornms of MED, QUTHRS, and RECTRI P
are not required since for estimation of the reduced forns it is sufficient
to know only the list of exogenous variables in the nodel

The reduced form equations for MED and RECTRIP were estinated in a
logit framework. The OUTHRS equation was estimated using ordinary |east
squares despite the truncation of this variable at zero. Tobit may be a
nore appropriate regression procedure for the OUTHRS equation, and m ght
al so be useful in estimating work |oss hours. Instead of using tobit on
the number of hours mssed fromwork, a logit equation was specified using
W.HO1 as the dependent variable. WHO1l takes the value unity if any tine
was missed from work, zero otherw se.

The predicted values fromthe reduced form equations, denoted by the
suffix “HAT,” were substituted into the structural form equations for the

SPFs.  These second stage SPFs are specified identically to equations (9)
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except that MEDHAT replaces MED, OUTHAT replaces OQUTHRS, and RECHAT
repl aces RECTRIP.

Each reduced formequation is estimated three tines: for the whole
sample, for the normal subsanple, and for the inpaired subsanple. Each of
the nine SPFs are estinmated in both a single equation and a sinultaneous
equation framework for the whole sanple and for the normal and inpaired
groups separately. Wien estimating separate equations for the two
subsanpl es, the variables ASTHVA, BRONCH, EMPH, and OTHDI S are dropped from
the equations since these variables were used to define the subsanples

The large nunber of explanatory variables in the reduced forns created
conputational difficulties for the iterative maximum |ikelihood program
used to estimate the logit equations. To allow estimation of these
equations, the six dummy variables reflecting |ocation and survey period
were reduced to a single dummy variable, BURB, which indicates sinply
whet her an observation came from Burbank. Additionally, certain variables
caused convergence problens in one or another of the estinmated equations.
For exanple, the low frequency of observations on RESPINF and POOR
particularly for the normal group, often was a source of nonconvergence
In such a situation the variable sinply was dropped fromthe equation to
allow the empirical work to proceed

The next two chapters present the results from estinating the nodel
described in this section. Chapter 6 presents the reduced form estinates.
The reduced forns can be used not only to correct for simultaneity in the
estimation of the SPFs, but the MED equation itself can be used as a basis
for benefit estimation. By assuming that medical care is an essential

input in the prevention of synptoms, the change in the area behind the
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Marshal I'i an demand curve for nedical care when ozone changes can be used as
a approximation of the WIP to avoid ozone, follow ng Bockstael and
McConnel | (1983).

Chapter 7 presents single- and simultaneous-equation estimtes of the
synmpt om production functions. The WIP to avoid these synptons is

cal cul ated using the ABM procedure described in Chapter 3.

114



CHAPTER 6
REDUCED FORM ESTI MATES, DI SUTILITY OF ILLNESS, AND
BENEFI TS OF QZONE CONTROL

6.1 1 NTRODUCTI ON

The main purpose of this chapter is to present estimtes of reduced
form demand equations for the short termaverting activities MED, RECTRIP
and QUTHRS. In the enpirical mpdel discussed in Chapter 5, these variables
are jointly determined with synptoms. Predicted values from reduced form
equations, therefore, are needed in order to appropriately estimate the
symptom production functions. Reduced form estimates to explain each of
the short-run averting behavior variables are obtained fromthe whole
sanple and separately for the normal and inpaired subsanples

This chapter also uses the reduced form estimates to measure: (1) the
benefits of oxidant control and (2) the disutility of illness. The benefit
estimate of reduced anbi ent oxidant concentrations is based on the reduced
form demand equation for MED. Under the assunption that nedical care is a
necessary input in aneliorating the health consequences of oxidant
exposure, this demand equation is used to estimate willingness to pay for
oxi dant control. Once the WP val ue has been obtained, methods devel oped
in Chapter 3 are used to estimate the nonetary value of the disutility of
oxi dant induced synmptons and ill ness. In particular, the wllingness to

pay expression derived fromthe averting behavior nodel is

e T
ujjUija + W?stja, (1)



where the first termon the right hand side nmeasures the nonetary val ue of
disutility of illness, and the second neasures the value of time |ost from
mar ket and nonmarket activities. The disutility termis estinmated by
subtracting the value of time lost fromthe willingness to pay for oxidant
control based on the MED reduced form Value of time lost from market and
nonmar ket activities is approxinmated in these calculations froma fourth
reduced form equation to explain work |oss.

Section 6.2 presents reduced formestinates of the demand for nedica
care and conpares the income, full price, and inplied noney and time price
elasticities to other estimtes of medical demand. The reduced form
equations for work loss hours are presented in Section 6. 3. Section 6.4
contains estimtes of reduced form equations for OQUTHRS and RECTRIP.
Esti mates of WP for ozone reductions are found in Section 6.5. Estimates
of the value of work |oss due to ozone, and of the nonetary value of the
disutility of ozone-induced illness are presented in Section 6.6

Conclusions follow in Section 6.7.

6.2 ESTI MATING THE DEMAND FOR MEDI CAL CARE
A wel |l known conprehensive nodel of demand for health services was

devel oped by Andersen (1968). The reduced form demand equation specified

in Chapter 5 contains nost of the features of this nodel. Andersen’s
nmodel , discussed in nore detail in Sorkin (1984) focuses on a sequence of
three determnants of denmand: predisposing, enabling, and illness |evel

The predi sposing conmponent of individual demand for health services
consi sts of denmpgraphic and health factors such as chronic and past acute
illness, marital status, age, sex, race, education, occupation, and famly

size, as well as attitudes toward disease and health services. The nmedi ca
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care denmand estimates presented in this chapter control for all of these
predi sposing factors except attitudes. Andersen’s enabling conponent
includes income, prices of health services, health insurance, and access to
a regul ar source of health care, all of which are controlled in the
regressions presented in this chapter. The enabling conponent al so

i ncludes community factors, such as the nmanpower devoted to health
services, which affect the supply of health care services. Comuni ty
factors are controlled here by the dunmmy variable which differentiates
between the two communities used in this research. In addition to
predi sposi ng and enabling conditions, an individual's demand for health
care in Andersen’s nmodel will depend on “medical need” or his level of

i Il ness. In the averting behavior nodel, illness is determned jointly
with nmedical care demand. The structural medical demand equation includes
synmptons as expl anatory variables, but the solution for the reduced form
expresses medi cal demand as a function only of the predeterm ned variabl es
in the nodel (see Section 5.5). As a result, the synptons do not appear
anong the list of independent variables in the regressions presented in
this chapter.

In specifying a nedical demand equation, there is some uncertainty as
to the choice of dependent variable. It is difficult to neasure both the
quantity and quality of nedical services consumed, and the traditiona
units of neasurenent, such as physician visits, hospital admssions, tests
and drugs prescribed may not be the goods which enter the consumer’s health
production or utility function. Feldstein (1983) argues that the consumer
demands “treatment of illness”; the consumer then consults a physician who

prescribes a treatnment consisting of some combinati on of drugs and therapy
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and the like. Thus, the appropriate measure of the demand for medical care
may be a O 1 variable which sinply measures whether or not a physician was
consulted, indicating that “treatnment for illness” was demanded. The
dependent variable MED used in the nedical demand equations reported in
this section is just such a variable.

Logistic regression estimates of reduced form demand equations for MED
are presented in Table 6.1. The first colum of the table lists
expl anatory vari abl es. Coefficient estimtes and t-statistics (in
parent heses) are presented for the whole sanple, normal subsanple, and
i mpai red subsample in colums two to four. Three variables of particular
interest in these equations are the price of medical care (FPVMED), family
income (1NCFAM), and ozone (QZO.

In all three equations, the coefficients of FPMED are negative as
expected, but not significantly different from zero at conventi onal
significance levels. Thus, the demand for nedical care appears to be quite
price inelastic. Ignoring the outconme of these significance tests, full
price elasticities of medical denmand eval uated at the means of all
expl anatory variables are: (1) -0.10 for the whole sample, (2) -0.062 in
the normal subsanple, and (3) -0.27 for the inpaired subsanple. These
price elasticities conpare favorably with those reported el sewhere in the
literature. For exanple, Holtmann and O sen found price elasticities of
demand ranging from-.01 to -.15,; Newhouse, Phelps, and Mrquis (1980)
report price elasticities of -.09 to -.13; Phelps reported a value of -.18,
and Newhouse and Phelps (1976) found a price elasticity of physician visits

of -.16.
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TABLE 6.1. MEDI CAL CARE DENVAND EQUATI ON”

Explanatory Whole Normal Impaired
Variable Sample Subsample Subsample
ASTHMA -.0618 T T
(-.276)
BRONCH -.7781 T T
(-2.032)
OTHDIS .1990 T T
(.857)
HAYFEV .3387 .1686 1.3235
(2.365) (.892) (1.882)
FLEMCO .1782 -.1694 1.6788
(1.216) (-.863) (1.679)
SHRTWHZ -.4689 T .5552
(-1.779) (.468)
POOR 1.0353 2.0674
(2.516) (3.518)
WRKESCV .3028 .2002 -.3693
(2.499) (1.465) (-.662)
EXPWRK .0804 .0990 -1.0740
(.643) (.708) (-1.132)
ACWRK 1264 4492 -1.5007
(.778) (2.252) (-1.263)
OUTWRK -.0092 -.0210 -.3341
(-.419) (-.786) (-1.692)
BLUE -.2040 .0446 -.0895
(-1.326) (.261) (-.194)
CONS .1659 .2888 3.0954
(.703) (1.072) (1.659)
TRASERV .1207 .0765 1.7503
(.785) (.458) (1.690)
INDOTHR .1303 .0098 2.5965
(.714) (.044) (1.803)
WAGE -.0108 -.0080 -.0624
-1.249) (-.777) (-1.072)
INCFAM -.0011 -.0020 .0046
-2.460) -3.588) (1.918)
NDEPEN .0405 .0410 -.3017
(1.496) (1.463) (-1.058)
APHOME -.3825 -.4804 -.7483
(-1.355) (-1.240) (-.632)
ACHOME .0832 1127 2.5289
(.568) (.702) (1.698)
ACCAR .0134 -.0071 -.0765
(.097) (-.046) (-.105)
MPG -.0154 -.0064 -.0665
(-1.917) (-.738) (-1.375)
GASCOOK -.2139 -.3005 .0250
(-1.245) (-1.467) (.039)
uLouT .0288 .0550 -.2203
(.977) (1.581) (-1.213)
FPMED -.0016 -.0010 -.0046
(-.664) (-.339) (-.329)
DOCREG .0260 .0329 S
(.156) (.177)
WRKDAY -.0572 .1754 -1.9891
(-.256) (.659) (-1.716)
WEEKEND -.4020 -.2981 -1.0375
(-1.714) (-1.110) (-1.636)
BURB .1649 .3389 4316
(1.158) (2.140) (.548)
EDGRADE -.0026 -.0008 .0454
(-.108) (-.030) (.350)
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Table 6.1, continued

Explanatory Whole Normal Impaired

Variable Sample Subsample Subsample

ACE -.0040 -.0053 .0338
(-.481) (-.544) (.765)

SEX .2853 .2090 oo
(1.199) (.777)

MARRIED -,2048 .0020 -3.5245
(-1.004) (.008) (-1.848)

S02 .0620 .0911 .4087

(.402) (.526) (.844)

0z0 .0362 .0308 .0885

(3.807) (2.924) (2.702)

‘The dependent variable in the regression is a transformation, T(p) of the dependent
0.5[4n(p/(1-p))].

variable p in the model: T(p)=5+

parameters of the logistic regression,

the intercept and multiply by 2.

b

t-statistics

in parentheses.

‘Variable excluded due to convergence problems.
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Recal | from Chapter 4 that the full price of nedical care is the sum
of the nmoney cost (after insurance) of nedical care and the val ue of
commuting and waiting tinme:

FPVED = DOCPRI CE + (WAGE/ 60) (DOCGET + DOCWAIT).
Thus, the nedical demand equations inply an elasticity for each of the
conponents of the full price of medical care as well. These inplied noney
and tine price elasticities are presented in Table 6.2. A better nethod to
estimate the elasticities in Table 6.2 might be to enter the noney and tine
prices separately in the logistic regression; inferring these elasticities
fromthe full price elasticities is an approxi mation which is used because
it does not require estimation of additional equations. In any case, Acton
(1976) reported the following tinme price elasticities of visits to
physi ci ans: -.05 for waiting tine and -.25 to -.37 for travel tine.
Hol tmann and O sen found a waiting time elasticity of -.015 to -.039, while
Phel ps reported a waiting time elasticity of -.07. Thus, the inplied
elasticities of waiting tine reported in Table 6.2 are simlar to those
reported by other researchers; the commting tine elasticities are an order
of magnitude |ower than those reported by Acton.

| NCFAM contrary to expectation, enters the whole sanple and nornal
subsanpl e equations with negative and significant coefficients; however,
this variable positively and significantly (at the five percent |evel)
affects the probability of seeing a doctor for the inpaired individuals.
The behavior of the coefficient of INCFAMin the equation for nornal
respondents supports the idea that higher inconme individuals have better
know edge of how to treat themselves for minor afflictions and therefore

tend to contact the health care system |less frequently. Nevertheless,
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TABLE 6.2. | MPLIED MONEY AND TIME PRICE ELASTICITIES OF

DEMAND FOR MEDI CAL CARE

Expl anat ory

Vari abl e Whol e Sanpl e Nor mal  Subsanpl e | npai red Subsanpl e
DCCPRI CE -0.070 -0.044 -0.177
DOCGET -0.012 -0. 064 -0. 039
DOCWAI T -0.018 -0.012 -0. 047
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these results contrast with nedical demand-income relationships found in
ot her studies. Holtmann and O sen (1978), for exanple, found an incone
elasticity range of .057 to .293, and Phelps (1975) reported an income
elasticity of .11. In a probit equation of the probability of making
nonzero nedi cal expenditures, Manning et al. (1981) found an income
elasticity of .04. For pediatric visits, Goldman and G ossman (1978)
report an income elasticity of 1.32

Part of the divergence between the inconme elasticities reported in
Table 6.2 and those reported elsewhere in the literature can be attributed
to differences in the definition of the dependent variable, in the
specification of the equation, and in the type of data collected. Those
factors, however, would not be expected to explain a sign difference. A
partial explanation for the poor results obtained for incone in this
research is that inconme is correlated with the value of tine, and the
vari abl e FPMED does not fully capture the time costs of a doctor visit.
Additionally, a theoretical argunent can be made that INCFAM is not the
appropriate incone variable to include in a demand equation. Total famly
i ncome includes a conponent for the |abor earnings of the respondent, but
the nmobdel assunes that the tinme spent working is a choice variable and
hence should not be included in a reduced form equation. Rat her, the
theoretically correct income neasure i s exogenous incone, i.e., that part
of | NCFAM not earned by the respondent’s |abor. (See Just et al., 1982,
for further discussion of the roles of endogenous and exogenous incone in
demand specification and welfare measuremnent.) In any case, further

investigation of the inconme elasticity of medical demand would be useful.
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Next, the coefficient of QZO is positive and highly significant in
each of the three equations. In fact, many alternative specifications of
the reduced form nmedical demand were estinmated to check the robustness of
this result. Positive and highly significant coefficients of QZO occurred
in virtually all cases. Since relatively few air quality measures could be
included in this analysis due to data availability, QZO is perhaps best
interpreted as a proxy for the oxidant mix. This mx of pollutants appears
strongly and positively related to doctor visits

Finally, in the whole sanple regression, the health status measures
ASTHVA, BRONCH, and OTHDI S are not positively and significantly related to
the probability of obtaining nedical care. This result can be explained by
the sanple proportions presented in Table 4.1: the normal subsanple had a
greater frequency of visits to doctors and hospitals than the inpaired
group during the sanpling period. Anong the other health status neasures
the coefficients of HAYFEV and FLEMCO are positive and significant at the
five percent |level using a one-tail test in the inpaired equation, but not
in the normal equation. It appears that these health problens would be
nore likely to send a person to the doctor if he already had sonme nore
serious inpairnment. The variable POOR is positively and significantly (at
one percent) related to the probability of seeing a doctor for the nornal
group; however, this variable was excluded in the estinmation of the
i mpaired equation because of convergence problens.

In general, the signs, nagnitudes, and significance |levels of the
estimated coefficients vary substantially across the three nedical care
demand equations presented in Table 6.1 Al though no formal test was

conducted of the hypothesis that health technologies are identical as
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between the nornmal and inpaired groups, inspection of the equations in
Table 6.1, as well as the SPF estimates in the next chapter, suggests that
hypot hesis would be rejected

Wth the exception of the anomalous results obtained for famly
i ncone, then, the reduced form demand equations presented in Table 6.1
appear to be roughly consistent with prior research and to provide an
adequate basis for benefit estimation. These equations will be used to
cal culate benefits of oxidant control in Section 6.5 after results for the

other reduced form equations are presented

6.3 WORK LOSS HOURS ESTI MATI ON

Three work loss hours reduced form equations are presented in Table
6.3. The dependent variable in these equations takes the value unity if
any hours were missed fromwork, and zero otherw se. The work | oss
equation is estimated in a logit franmework. The work loss equation is
simlar to a labor supply curve, and the key variables are own price
(WAGE), incone, and ozone.

The coefficient of the hourly wage variable WAGE i s negative and
significant at the one percent level in all three work |oss equations,
indicating that less working tine is mssed when the opportunity cost of
mssing work is higher. The coefficient of INCFAMis positively and
significantly (at five percent) related to the probability of work | oss.
This positive income effect indicates that tinme away fromwork is a normal
good. Silver (1970) found a simlar pattern of negative correlation
bet ween work | oss rates and | abor earnings, and positive correlation
between work loss rates and incone. Silver concluded that work | oss was a

poor neasure of health status since it was strongly influenced by economc
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TABLE 6.3. WORK LOSS HOURS EQUATION" °

Expl anat ory Whole Normal Impaired
Variable Sample Subsample Subsample
ASTHMA -.1850 T T
(-.851)
BRONCH .3687 T T
(1:281)
OTHDIS 4329 TT T
(1.942)
HAYFEV .3858 -.6584 3.6737
(1.804) (-1.721) (2.667)
FLEMCO .3054 .9196 -.2630
(1:593) (3.268) (-.208)
SHRTWHZ -.2215 -.7972 .3862
(-.972) (-1.445) (.339)
WRKESGV -.2326 -.3722 1747
(-1.447) (-1.788) (.183)
EXPWRK .0478 1167 2.0080
(.284) (.536) (1.703)
ACWRK .0891 .2044 -.9648
(.495) (.900) (-.660)
OUTWORK -.0235 -.0168 -,2696
(-.959) (-.500) (-1.441)
BLUE .1633 .0224 2.2604
(.898) (.080) (2.978)
CONS .8186 1.1262 .9630
(2.796) (3.180) (.560)
TRASERV .9822 1.3271 1.6911
(4.109) (3.941) (1.527)
INDOTHR 1.4133 1.5597 4.2583
(5.379) (4.611) (2.249)
WAGE -.0833 -.1027 -.2806
(-6.582) (-5.579) (-2.896)
INCFAM .0017 .0021 .0105
(3.283) (3.043) (2.529)
NDEPEN .1335 .1516 .1284
(3.284) (3.037) (.375)
APHOME .3860 .6343 .8882
(1.916) (2.296) (1.117)
ACHOME 1.1424 1.6626 -.7271
(3.885) (3.634) (-.746)
ACCAR -.3872 -.3546 -.9515
(-2.170) (-1.612) (-.802)
MPG .0126 .0108 -.0890
(1.439) (.796) (-2.043)
GASCOOK 1.5554 1.5762 i
(2.952) (2.626)
uLouTt .0123 .0512 -.1664
(.238) (.785) (-.503)
FPMED .0069 .0104 -.0149
(3.581) (2.750) (-.790)
DOCREG -.8854 -.5945 ot
(-4.635) (-2.561)
WEEKEND 6772 .6535 -.0285
(3.418) (2.543) (-.074)
BURB -.3816 -.1530 -.4432
(-1.917) (-.609) (-.419)
EDGRADE .0245 .0310 4404
(.743) (.734) (1.813)
AGE .0635 .0750 .1464
(5.027) (4.466) (2.298)
SEX -.4659 -.7940 T
(-1.204) (-1.558)
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Table 6.3, continued

Explanatory Whole Normal Impaired

Variable Sample Subsample Subsample

MARRIED -.5911 -.7825 ---C

(-2.054) (-2.103)

S02 .1551 .1530 -.0732
(.935) (.780) (-.196)

0z0 .0202 .0258 -.0139
(1.924) (2.104) (-.537)

‘The dependent variable in the regression

variable p in the model : Tp) = 5
parameters of the logistic regression,
the intercept and multiply by 2.

b

t-statistics

in parentheses.

+[An{p/(1-p)) 1.

multiply slope coefficients by 2;

‘Variable excluded due to convergence problems.
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vari abl es. Gstro (1983), in contrast, reported negative incone
coefficients in his work |oss regressions, but did not control for the
wage. The coefficient of ozone is positive and significant at five percent
for the normal group, but negative and insignificant for the inpaired
subsample. Thus ozone is positively related to work |oss for the norna
group, but appears to be unrelated to work loss for the inpaired group.

The positive and significant coefficient on FPVED in the normal
group’s equation reflects a cross-price effect: a higher full price of
medi cal care raises the cost of investing in health and hence increases
work loss. The negative and significant coefficient on DOCREG in the sane
equation reflects a simlar type of substitution effect. Having a regular
doctor increases the availability of medical care and results in less tine
| ost from work

The variables APHOMVE, ACHOVE, and GASCOOK, which are related to the
quality of the hone environnment, all enter the normal work | oss regression
with the expected sign and are significant at the one percent |level. The
vari abl e EXPWORK, a measure of the quality of the work environnent, enters
each equation with the correct sign and is significant at five percent in
the inpaired equation.

Al'l three equations indicate that the probability of work |oss
increases significantly with age. Additionally, in the whole sanple
regression, all of the chronic health disorders except ASTHVA and SHRTWHZ
are positively and significantly related to work | oss. As expected, the
i mpaired individuals are nore likely to miss work. A simlar result was

obtained in both the Cropper and Ostro papers, where the existence of
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chronic conditions and the nunmber of chronic conditions, respectively, were

positive and significant factors in explaining work |oss

6.4 OUTDOOR HOURS AND RECREATI ONAL TRI P ESTI MATI ON

The two remaining reduced form equations, for outdoor hours and
recreational trips, did not performas well as the nedical care and work
| oss equations. The relatively poorer results fromthe OUTHRS and RECTRI P
equations, reported in Tables 6.4 and 6.5, respectively, are not surprising
in that the data collection effort was not directed specifically toward
expl ai ning these variables

The outdoor hours equations reveal that measures of poor health are
more often than not negatively associated with the tine spent outdoors, but
these effects rarely are significant at the ten percent |evel. Spendi ng
nore time outside habitually, neasured by QUTWORK and ULOUT, is associ ated
with spending nore time out on the days of the survey. Mre tine is spent
out doors on weekends, and respondents in Burbank spend nore time outdoors
than those in dendora. The residential location dumry is significant at
one percent in all three equations

The pollution variable S02 is negatively and significantly (at one
percent) related to the time spent outdoors in the equation for the norma
subsanmpl e, suggesting that nornally healthy adults choose to stay inside
when sul fur dioxide |evels are high. No sulfur dioxide effect is
perceptible in the inpaired equation. The coefficient on ozone, in
contrast, is positive and significant at the one percent level in all three
equati ons.

The positive and significant ozone coefficient seens to suggest that,

contrary to expectation, people like to be outside when ozone levels are
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TABLE 6. 4. OUTDOOR HOURS EQUATI ON”
Explanatory Whole Normal Impaired
Variable Sample Subsample Subsample
WEEKEND .3897 .2957 7446
(1.918) (1.218) (1.887)
OTHDIS .2834 oo oo
(1.271)
INDOTHR -.2030 -.2964 -.1235
(-1.147) (-1.380) (-.253)
EDCRADE .0100 .0032 .0588
(.377) (.111) (.863)
GASCOOK .0645 .2676 -.3443
(.343) (1.199) (-.793)
ACHOME .0473 .0390 .3228
(.311) (.219) (.807)
S02 -.6293 -.9154 -.1037
(-4.056) (-5.231) (-.296)
HAYFEV -.0149 -.0408 .0625
(-.097) (-.202) (.201)
BRONCH -.1280 oo
(-.529)
POOR .0037 -.6636 .9097
(.007) (-.832) (.933)
DOCREG .2962 .3308 -.5024
(1.740) (1.797) -.872)
MARRIED .0226 .0160 -.3017
(.094) (.061) -.389)
OUTWRK .1485 .1246 .1888
(6.410) (4.344) 3.604)
APHOME .0316 .1787 -.3795
(.151) (.723) -.871)
Ozo .1154 .0994 .1758
10.790) (8.443) 6.853)
MPG -.0080 -.0022 -.0084
-1.061) (-.256) -.434)
WAGE .0029 .0007 .0033
(.521) (.081) (.324)
AGE -.0014 .0047 -.0099
(-.160) (.474) -.473)
EXPWRK .2056 .3008 .0536
(1.583) (2.000) (.144)
EMPH -.2304 T oo
(-.527)
ASTHMA .0902 T T
(.479)
ACCAR -.0446 -.1277 14240
(-.321) (-.812) (1.183)
WRKESGV -.0556 -.0620 .0889
(-.434) (-.429) (.280)
CONS -.1026 -.2117 -.2303
(-.452) (-.820) (-.377)
BURB .6908 .7616 .8943
(4.495) (4.307) (2.411)
uLouT .0949 .0801 .1483
(2.981) (2.057) (2.226)
ACWRK .0679 .0343 -.4719
(.420) (.179) (-1.230)
NDEPEN -.0232 -.0127 -.1280
(-.659) (-.344) (-.941)
FLEMCO -.1783 -.1129 -.1842
(-1.144) (-.576) (-.506)
FPMED -.0012 -.0002 -.0035
(-.657) (-.108) (-.497)
INCFAM -.0000 .0005 -.0007
(-.035) (.940) (-.721)
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Table 6.4, continued
Explanatory Whole Normal Impaired
Variable Sample Subsample Subsample
SHRTWHZ .0681 -.0517 -.0536
(.342) (-.152) (-.129)
BLUE -.0849 -.0873 -.0824
(-.530) (-.459) (-.223)
SEX .1105 .0403 4722
(.381) (.126) (.498)
TRASERV -.0672 -.1012 .0042
(-.438) (-.575) (.011)
WRKDAY .6188 .5650 .9865
(2.608) (2.075) (1.911)
CONSTANT -.7095 -.7892 -.9380
(-.918) (-.879) (-.537)
‘The dependent variable in the regression is a transformation, T(p) of the dependent
variable p in the model : Tp)= 5+ 0.5[n({p/(1-p})]. To obtain estimates of the true

parameters of the logistic regression, multiply sflope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics

in parentheses.
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TABLE 6.5. RECREATI ONAL

TRI P EQUATI O\’

Explanatory Whole Normal Impaired
Variable Sample Subsample Subsample
ASTHMA .1002 T S
(.725)
BRONCH .1602
(.960)
OTHDIS -,1598
(-.913)
HAYFEV .1079 1779 .1562
(1.001) (1.216) (.535)
FLEMCO -.2190 -.3058 .2025
(-1.830) (-1.926) (.777)
SHRTWHZ -.1191 .3950 -1.2676
(-.800) (1.732) (-2.837)
WRKESGV .0790 .0185 -.2064
(.886) (.174) (-.615)
EXPWRK .0048 2476 -1.5606
(.051) (2.176) (-3.892)
ACWRK -.0230 .0514 .3643
(-.194) (.363) (.836)
OUTWRK .0157 .0198 -.1752
(.918) (.932) (-2.702)
BLUE .0106 .0363 .7700
(.090) (.260) (1.815)
CONS -.3418 -.1830
(-1.850) (-.865)
TRASERV .0266 .0958 -1.1758
(.246) (.720) (-2.812)
INOOTHR -.0561 -.0954 -1.4653
(-.437) (-.574) (-2.761)
WAGE .0046 .0016 .0220
(1.388) (.227) (2.208)
INCFAM -.0002 1.0002 -.0019
(-.587) (-.426) (-1.793)
NDEPEN .0303 .0482 -.3263
(1.308) (1.994) (-2.265)
APHOME -.0095 -.2649 1.0162
(-.062) (-1.254) (2.259)
ACHOME .0244 .1762 -.2863
(.227) (1.310) (-1.053)
ACCAR -.1418 -.2518 1.0449
(-1.438) (-2.184) (2.109)
MPG -.0022 -.0054 -.0259
(-.382) (-.752) (-.987)
GASCOOK .2538 .6106 5727
(1.566) (2.287) (1.723)
uLout .0023 .0197 -.0259
(.103) (.723) (-.356)
FPMEO .0007 .0021 -.0251
(.660) (1.720) (-2.819)
OOCREG .2134 .2020 .8157
(1.559) (1.290) (1.476)
WRKOAY -.0117 -.0453 .2341
(-.070) (-.228) (.498)
WEEKEND .2274 .1651 .7125
(1.680) (1.011) (2.516)
BURB -.2091 -.3261 -.3567
(-1.806) (-2.219) (-1.127)
EDGRADE .0051 -.0055 .0468
(.275) (-.245) (.715)
AGE .0020 .0008 .0299
(.317) (.112) (1.435)
SEX -.3456 -.1422
(-1.719) (-.648)
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Table 6.5. continued

Explanatory Whole Normal Impaired

Variable Sample Subsample Subsample

MARRIED .1863 -.1648 T
(1.011) (-.858)

S02 1219 -.0060 .6407
(1.112) (-.047) (2.152)

0z0 -.0101 -.0070 -.0103
(-1.301) (-.784) (-.496)

‘The dependent variable in the regression is a transformation, T(p) of the dependent
variable p in the model: Tp)= 5+ 0.5[An(p/(1-p)}]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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high. This result could be explained if ozone were correlated with other
factors which caused people to spend nore tine outdoors. In fact

phot ochemi cal oxidants are produced by sunlight irradiation of atnospheric
m xtures of hydrocarbons and nitrogen oxides (Purdom 1980). As a
consequence of the photochemi cal process by which ozone is created, then
one woul d expect ozone levels to be high on warm sunny days when people
tend to be outdoors.

The "true” structural equation for tine spent outdoors almost surely
contains one or nore variables which reflect how pleasant the weather is.
If one of these variables, such as the anount of sunshine, were highly
correlated with ozone, then the exclusion of the correlated neteorol ogi ca
variable from all of the reduced form equations would bias the ozone
coefficient in those equations.

To avoid bias in the ozone coefficients, sone effort was devoted to
constructing an appropriate set of neteorol ogical nmeasures, but the exact
set of weather variables which influence tinme spent outdoors is not
i mredi ately apparent. People are expected to spend nore tine outdoors when
they perceive the anbient conditions to be pleasant. Sone factors which
m ght contribute to pleasant conditions or a “nice day” are sunshine,
visibility, temperature, humdity, w ndspeed, and precipitation. The nost
readily available variables fromthis list are tenperature and hum dity.
Daily high and | ow tenperature and humidity readi ngs, neasured at the

Bur bank and Ontario weather stations and reported in the Los Angel es Tines

were matched to Burbank and G endora subjects, respectively.
Previous researchers on the benefits of ozone control have reported

hi gh correl ati ons between ozone and neasure of tenperature. For exanple,

134



Portney and Mul |l ahy (1983) reported a Pearson correlation coefficient
bet ween ozone and tenperature of 0.53, while Melde et al. (1984) reported
a correlation coefficient of 0.58. The Pearson correlation coefficients
bet ween ozone and the daily high tenperature, the daily |ow tenperature,
and the daily average of high and |ow tenperature for the present sanple
are 0.81, 0.50, and 0.73, respectively.

The high degree of correlation between ozone and neasures of heat
makes it virtually inpossible to use sanple information to separate the
effects of these two variables in a regression. Wien the specification of
the reduced form equations is expanded to include neasures of heat and
hum dity, a pattern typical of nulticollinearity energes between the
coefficients of ozone and tenperature: one of these coefficients will be
correctly signed and possibly significant, while the other takes the wong
sign.

Wil e the poor results produced by the tenperature variable are
di sappointing, it is not clear that a linear conbination of tenperature and
hum dity is the appropriate neasure of how pleasant a day is.

Met eor ol ogi sts have created an index which conbines tenperature and
hum dity nonlinearly and is supposed to neasure “how it feels” outside,
expressed in degrees Fahrenheit. Unfortunately, tenperature dom nates
hum dity in the fornula defining this index, and the index is just as
correlated with ozone as the high tenperature. In a final effort to nerge
tenmperature neasures with the survey and pollution data, a dummy variable
was created to neasure whether the tenperature was pleasant. This variable
woul d take the value unity if the daily high tenperature fell wthin sone

range (the ranges 70-90°F, 65-85°F, and 60-90°F were each tried
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i ndependently) , but regression results using these variables were
unsatisfactory as well.

G ven that the sanple does not provide the information necessary to
separate the effects of ozone and heat, nonsanple information must be
conbined with sanple information to make a distinction between these two
variables. Prior biomedical evidence suggests an association between ozone
concentrations and the synptons defined in Chapter 4. It is not clear that
heat would play a major role in aggravating any of these symptons. Thus it
woul d seem that ozone would be a nore inportant variable in
expl ai ning nmedi cal demand and work loss as well. Heat enters the nodel
then, only via the outdoor hours structural equation, but the tenperature
vari abl es perform poorly in the outdoor hours reduced form It seens safe
to assume that the effects of ozone on the jointly dependent variables
dominate the effects of heat, which justifies excluding the neteorol ogical
vari abl es from the nodel. Further research using an expanded set of
weat her data may be warranted

Turning now to the estimate of the recreational trip equation (Table
6.5), very few variables nmeasured in these data are found to be
significantly related to the probability of taking a recreation trip.
Recreational trips are nore likely to occur on weekends. H gher wages are
positively associated with recreational trips, but surprisingly, higher
famly income is not. Residents of Burbank are less likely to take a
recreational trip than residents of d endora.

Averting behavior theory suggests that individuals nmay tenporarily
| eave town to avoid pollution episodes. The only correctly signed and

significant pollution variable in the recreational trip equation is S02 for
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the inpaired subsanple. Taking a trip would require some planning, and the
rel evant pollution variables mght be |agged values of the variables used
here. It seems nore |ikely, however, that the direct utility effects of
such a trip would overwhelm the averting behavior effects, naking
recreational trips an inadequate basis for averting behavior benefit

cal cul ati ons.

The weak results obtained from the outdoor hours and recreational trip
equati ons nmake both of these equations poor choices for calculating
benefits. Additionally, the prices of these variables are not nmeasured in
the data; thus their reduced form equations are not supply or denand
equati ons. It is unclear how shifting these reduced form equati ons woul d
provide a neasure of welfare change

In contrast, the medical care and work |oss equations are closely
related to demand and supply equations; the dependent variables in these
equations have prices which are measured in the data; and the fits of these
equations appear reasonably good. The reduced form nedical care and work
| oss equations are used to neasure the changes in welfare associated with

changes in ozone concentrations in the next section.

6.5 ESTI MATI NG WIP USI NG MEDI CAL DEMAND

The nedical care demand equation estimtes presented in Table 6.1
provide a basis for estinmating WIP for an ozone reduction if medical care
Is a necessary input in the reduction of synptoms. Just et al. (1982)
point out that if the input used for neasuring welfare is not necessary,
then that portion of surplus which could be realized in the absence of the

input will not be reflected in the area behind the input demand curve
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Hence, if nedical care is not a necessary input, total WIP will be
understated, but changes in WIP may still be accurate.

The first step in using the nedical care demand equations to estinate
wel fare change is to reduce demand to a function of price alone, holding

all other variables constant. The resulting demand schedule is

o = k exp(OZ‘BOZ)exp (FPMED-BFPMED) ,
1 + k exp (OZ'BOZ)exp(FPMED-BFPMED) (2)

wher e 802: the coefficient of ozone

BFPI\/ED _ the coefficient of the full price of medical care

k = the exponent of the sum of the products of all other
explanatory variables tines their coefficients.

The area behind the nedical care denand schedul e between two prices FPMED

and FPMED'i s
1
FPMED FPMED
k eXP(OZ'BOZ) . [ 0 T+k e:XPEOZ.B f:PM}(':I;;MED'B )d(FPMED) (3)
FPMED P oz’ €*P FPMED
1
) 1 o 1+ k exp(OZ'BOZ)exp(FPMED .BFPMED)
= 5 R
FPMED 1 + k exp(0Z Boz)exp(FPMED BFPMED)

which can be evaluated at varying ozone levels.

In the Bockstael-McConnell analysis, the prices used in equation (3)
would be the prevailing market price for FPMED0 and the price which drives
medi cal care demand to zero for FPMED. The price which drives nedical
demand to zero would vary with ozone levels, FPMED' = f(QZ). The logistic
equation, however, never predicts a zero probability of obtaining nedical
care, for finite values of all explanatory variables and coefficients. One
solution to this problemwould be to choose sone small positive nunber e,

and solve for the |owest value of FPVED which resulted in a probability of
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medi cal care no greater than e€. A sinpler solution, enployed below, is to
use the largest value of FPMED found in the sanple. Additionally, FPNESJ
is set equal to zero

In calculating the constant k which appears in the WIP fornula, all
expl anatory variabl es (except FPMED and OZ) are set equal to their sanple
or subsample means. The exanple change in ozone considered is froma daily
one-hour maxi mum of 12 pphm to 10 pphm

Daily WIP figures for the above ozone reduction based on the reduced
form demand equation estinates are presented in the first row of Table 6.6.
These figures indicate the average individual in the sample, or the average
i ndividual in the normal subsanple, would be willing to pay a little over
one dollar per day for a 2 pphm decrease in daily maxi mum ozone
concentrations on a day when the peak ozone reading is 12 pphm

A disturbing feature of the first row of figures in Table 6.6 is that
the average inmpaired individual’s WIP is substantially less than the
average normal individual for the same reduction in ozone, which is
contrary to expectation. The reason for this unexpected result is that the
reduced form demand equations predict a greater frequency of doctor visits
for the normal group than for the inpaired group. As nentioned previously,
during the six month sanpling period the normal group did report a higher
frequency of doctor visits than the inpaired group. It would seem then
that the sanpling period is atypical with respect to the nedical care
consunption of the subjects, and in fact the responses to two questions on
the background survey confirmthis suspicion. Respondents were asked the
number of visits they nade to a health care facility in the previous year

and in a typical year. In a typical year, the average normal individual in
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TABLE 6. 6.

DAILY WIP FOR A 2 PPHM OZONE REDUCTI ON

Whol e Sanpl e Nor mal  Subsanpl e | mpai red Subsanpl e
Based on
Sampl e Frequency
of Medical Care $1. 26 1.29 0.09
Based on Typi cal
Frequency of
Medi cal Care 0.38 0.36 0.77
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the sanple would visit the doctor 1.8 times per year, while the average
i npai red person would visit the doctor 3.5 tines per year, or alnost twce
as frequently.

The problemwith the first row of WIP figures in Table 6.6, then, is
that they are conputed from demand equations which predict a greater than
typical frequency of doctor visits for the normal group and a |ess than
typical frequency for the inpaired group. A solution to this problemis to
adjust the intercepts of each nedical care demand equation so that they
predict a frequency of doctor visits which matches the frequency reported
as typical. None of the slope coefficients in the demand equations need to
be altered; only the intercepts are adjusted. In terns of the integral in
equation (4), the adjustment produces a new value for the constant k.

Daily WIP figures based on the nedical care demand equations with
adjusted intercepts are presented in the bottomrow of Table 6.6. As
expected, average daily WP for the normal group falls, while average daily
WP for the inmpaired group rises. These figures indicate that the average
normal individual would be willing to pay about $.35 per day for a
reduction of daily maxi mum ozone concentrations from 12 pphmto 10 pphm
The average inpaired individual would be willing to pay about $.75 per day
for that same reduction. These benefits may appear sonewhat |ow, but the
contenpl ated ozone reductions are small and begin at the current federa
st andar d. Thus, there would appear to be positive benefits to reducing

ozone concentrations below the current federal standard

6.6 ESTIMATING THE DI SUTI LI TY OF | LLNESS
To estimate the value of the disutility of ozone-induced illness, an

estimate of the value of tine lost from work nust be obtai ned and

141



subtracted from the WP val ues presented in the previous section. The
reduced form work 1oss hours equation provides an estimat_ of th,
probability of work loss given levels of the explanatory variables

The probability of work |oss was estinated at the nean val ues of al
expl anatory vari abl es except ozone, and at ozone |evels of 12 and 10 pphm
By subtracting the probability of work |loss at OZO = 10 fromthat for QZO =
12, an estinate of the change in the probability of work |oss is obtained.
This change in the probability of work [oss due to the change in ozone was
mul tiplied by the mean hours of work |oss, given that work |oss had
occurred, to obtain an estinmate of the nunber of hours of work |oss avoided
due to the ozone reduction. Recall fromthe discussion in the literature
review that this estimate of tinme lost is biased by sanple selection
Neverthel ess, it provides a sinple estimate of the change in tinme lost from
wor k.

Daily WIP based on typical frequency of nedical care (see Table 6.6),
the value of the change in time lost, and the annual nonetary value of the
disutility of ozone-induced illness are presented in Table 6.7. For the
i mpaired subsanple, only WP is presented since the coefficient of ozone in
the work |oss equation for the inpaired group was negative and
insignificant. Although the values reported in Table 6.7 are illustrative
because of the nature of the proposed ozone reduction, they do reveal that
the disutility of illness domnates the value of work loss in WIP.  Thus
one woul d expect that nmorbidity values based in large part on work | oss,
such as Cropper’s (1981) or Seskin's (1979), would seriously understate

WIP.
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TABLE 6.7. DALY WIP, WORK LOSS, AND UTILITY CHANCE FOR OZONE REDUCTI ON

Whol e Sanpl e Nor mal  Subsanpl e | npai red Subsanpl e

WIP $0. 38 $0. 36 $0. 77
Val ue of Time Lost $0. 04 $0. 07 ---a

Monetary Val ue of
Change in Utility $0. 34 $0. 29 ---8

‘No value of time lost was conputed for the inpaired group since the
coefficient of ozone was negative and insignificant in that regression.
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6.7 CONCLUSI ONS

This chapter has presented estimtes of reduced form equations for
medi cal care demand, work |oss, outdoor hours, and recreational trips. The
medi cal care demand equations forned the basis for nmaking WP cal cul ati ons
for a hypothetical reduction in ozone. The work |oss equations provided
estimates of the change in the value of time lost due to the sanme ozone
reduct i on. Finally, the value of work |oss was subtracted from WP to
estimate the nonetary value of the disutility of ozone-induced illness

Daily WIP for a reduction in ozone from 12 pphm per day to 10 pphm per
day was estinated at about $0.36 per normal individual, and $0.77, or nore
than twice as much, per inpaired individual. The value of work |oss nade
up only about one-fifth of WIP for the normal group, with the remaining
four-fifths attributed to the disutility of illness. The result that WP
is five times the value of time lost fromwork casts serious doubt on
norbidity valuation techniques based largely on incone foregone due to
i Il ness.

Several limtations and generalizations to the work of this chapter
should be noted. First, medical care nay not be an essential input into
the production of health, which would render the WP estinates nore
i nexact. Second, the work | oss equation could be estimated in a nore
general framework, such as tobit, to provide estinmates of hours lost from
work due to ozone. A solution to both these problems would be to assune
that time was a necessary good, and to estimate a |abor supply or leisure
demand curve. Changes in the area behind a | abor supply (Ieisure denmand)
curve al so can be used as measures of WP, and hence woul d provide a check

on the values obtained from the nedical demand equation. Additionally, the
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| abor supply schedule would provide direct estimtes of the change in hours
wor ked when ozone changed

Afinal limtation noted here is that the theory presented in Chapter
3 indicates that the value of tine |lost from market and nonmarket
activities should be used to recover the disutility of illness. The
procedure in this chapter estimated only the value of work |loss. Hence,
the estimates of the disutility of illness include the value of the time
| ost from nonmarket activities. The conclusion that WIP is five tinmes as

large as the value of work |oss, however, is unaltered

145



CHAPTER 7

ESTI MATING THE VALUE OF AVO DI NG OZONE SYMPTOVS

7.1 1 NTRCDUCTI ON

Since Gossman’s (1972) analysis of the demand for health, nunerous
estimates of health production functions have appeared, yet virtually no
studi es have estimated production functions for minor synptons. From the
perspective of evaluating the health effects of air pollution, synptom
production function estimation can conplenent results obtained from
estimating the nore long-term health effects of air pollution. For
exanple, estimation of chronic health responses to air pollution would
require control for historical exposures, but information on long-term
exposure to air pollution is not included in nost data sets. As a
consequence, researchers have assumed that current air pollution |evels
reflect |ong-term exposure patterns. Crocker et al. (1979) pointed out
that omtting data on historical exposures could bias coefficients of air
pol lution variables since mgration is a long-run averting behavi or
determned jointly with past and current exposure |evels. In contrast to
the chronic health effects of air pollution, acute synptomatic responses
are less likely to depend on |ong-term exposure patterns and are nore
likely to result fromdaily variations in pollution |evels. Thus, synptom
production function estinmation can proceed with fewer apol ogies for |ack of

| ong-term exposure data.



A second reason why synptom production function estimtes are needed
to conplenent information from estimation of chronic response to air
pollution is that many health effects of air pollution do not involve
chronic illness. Acute symptomatic responses to ozone, for example, nmay be
experienced by a large share of the exposed popul ation at ozone
concentrations near the current federal standard of 12 pphm (Gerking et
al., 1984). Gven the large nunber of affected individuals, the aggregate
willingness to pay to avoid the synptons of ozone exposure may be
substantial, making neasurement of WIP to avoid synptons an inportant
policy issue. Yet the only currently available measures of the value of
sympt om days are based on the cost of illness or the contingent valuation
met hods. The CO is not a measure of WIP, and the CVM bids to avoid
synptons appear large (see Tables 2.2, 2.3, and 4.2). Thus another neasure
of WIP to avoid synptons is needed as a check on the CVM estimates. The
averting behavior npdel of Chapter 3 denpnstrates that estimation of
symptom production functions can serve as this alternative basis for
val ui ng avoi dance of synptomns.

Addi tionally, few studies have estimated separate health production
functions according to the health status of the individuals in the sanple.
The efficiency of health production may vary with the individual's |evel of
health capital. Separate estimation allows the effects of all explanatory
variables to differ according to health status and hence provides nore
precise information. Aside from allow ng synptom technologies to differ
between individuals with different levels of health capital, separate
production function estimation allows for separate benefit calculations for

each health status group. Separate benefit estimtion by health status
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group is inmportant froma policy perspective since the Clean Air Act
enphasi zes the protection of health in inpaired individuals.

This chapter presents estimates of synptom production functions (SPFs)
for nine synptons which prior epidemological evidence suggests are
definitely associated with ozone (Tashkin et al.. 1983). Each SPF is
estimated for the whole sanple and separately for normal and inpaired
subsanpl es, neking a total of 27 SPFs. Mreover, each SPF is estimated in
both a single equation and a sinmultaneous equation framework. As expl ai ned
nmore fully in Chapter 5, the simultaneous equation SPF estimates are
obtai ned by replacing the observed values of the jointly determ ned
vari ables MED, OUTHRS, and RECTRIP with the values predicted for these
variables from their respective reduced form equations. Thus there are 54
estimated equations. These estimtes are discussed in Section 7.2

The primary purpose of estimating the SPFs is to derive neasures of
WP for synptom days avoided. \ile averting behavior theory denonstrates
that SPF estimates also can be used to value ozone, WP for ozone
reductions already has been considered in Chapter 6. Additionally, the
ozone coefficient is not consistently of the right sign and significant in
the SPF equations, thus these equations nay not provide an appropriate
basis for valuing ozone reductions. (zone levels during the study period
were quite low by historical standards; a situation that nmay have
contributed to the relatively poor performance of the ozone variable. In
any case, benefits of reducing synptons, as opposed to ozone, are inportant
in a policy context particularly if synptomozone relationships are
establ i shed by separate dose response analysis. Section 7.3 discusses the

met hod used to val ue synptons, the choice of averting goods used in the
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cal culations, and the construction of prices for these averting goods
Estimates of willingness to pay to avoid synptons are derived in

Section 7.4 as follows. The reduced probability of occurrence of a synptom
is calculated for a change in an averting good. This change in probability
then is converted into an expected number of days per year that the synptom
woul d not occur, and WIP is cal culated on the basis of synptom days

avoi ded. The willingness to pay estimates per synptom day avoi ded
generally are lower than conparable CVM values, often by a factor of ten or

nor e. Concl usions are found in Section 7.5

7.2 SYMPTOM PRCDUCTI ON FUNCTI ON ESTI MATI ON

The 54 estinmated synptom production functions are presented in Tables
7.1 through 7.27 at the end of the Chapter. Each table contains single
equation and simultaneous equation logit estimtes of the coefficients and
t-statistics of one SPF either for the whole sanple or the normal or
i mpaired subsanpl e. The tables are grouped in sets of three; for each
symptom the whol e sanple regressions appear first, followed by the nornma
and then the inpaired subsanple regressions. For exanple, Tables 7.1
through 7.3 present production function estimtes for the synmptom “could
not breathe deep,” with the whole sanple estimtes appearing in Table 7.1,
the normal subsanple estimates in Table 7.2, and the inpaired subsample
estimates in Table 7.3. Asindicated in Chapter 6, convergence problens
with the maxi mum |ikelihood logit algorithm occasionally forced the
exclusion of a few explanatory variables fromthe SPFs. These instances
are noted anmong the coefficient estimates presented in the tables

Bef ore proceeding to a synptom by synptom di scussion of results, some

general conclusions can be drawn fromthese 54 equations as a group. (One
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general issue concerns the degree to which simultaneous equation estimnmates
differ fromsingle equation estinates. A second issue concerns the
effectiveness of the averting behaviors in reducing synmptoms. A third
issue is the extent to which synptom technol ogies differ between the norna
and the inpaired groups. The whole sanple results are treated briefly in
t he individual synptom discussion contained in Sections 7.2.1 through
7.2.9. The discussion to followjointly treats these three issues. Al so,
it enphasizes the regressions for the normal and the inpaired subsanpl es,
rather than those for the whole sanple, because of the apparently large
differences in SPF structure between the two groups

Because of sinultaneous equations bias, the expected signs of
coefficients of the jointly determ ned variables MED, OQUTHRS, and RECTRI P
are unclear in single equation estinmation context. Estimated coefficients
of MEDHAT, QUTHAT, and RECHAT are expected to be, respectively negative,
positive, and negative. Both MED and MEDHAT performed poorly. At the 10
percent |evel using a one-tail test, the coefficient of MED was negative
and significantly related to only one synptom (Cough) in the inpaired
regressions and was never negative and significant in the SPFs for the
nornal subsanple. MEDHAT never was negative and significant in SPFs for
either subsanple. Thus, the two-stage estimation procedure was ineffective
in unraveling the simultaneous determ nation of synptom occurrence and the
consunption of nedical services

RECTRI P and RECHAT performed, better than the nedical care variables.
Both variables were negative and significant at the 10 percent
| evel using a one-tail test in two of nine equations in both the nornmal and

i mpaired subsanpl es. However, the normal subsanple regressions exhibit
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three occasions where the coefficient of RECHAT is wongly signed
(positive) and significant.

O the three jointly determned averting behavior variables, the
variabl es measuring hours outdoors (OUTHRS and OUTHAT) perform best. In
t he normal subsanmple regressions, the coefficient of OUTHRS was positive
and significant at the 10 percent |level five tines and the coefficient of
QUTHAT was positive and significant in four equations. In the inpaired
subsanpl e, the coefficient of OUTHAT was positive and significant in six
equations, whereas the coefficient of QUTHRS only was positive and
significant in two equations. For the inpaired subsanple, then, two-stage
estimation results in nore equations showing a positive and significant
effect of hours outdoors on the occurrence of definite ozone synptons.
Finally, the coefficients of OUTHRS and OUTHAT sel dom were w ongly signed
and significant.

In contrast to the short run averting behaviors, the estimated
coefficient signs, magnitudes and significance |levels on the nmore |ong run
averting behaviors are quite stable between the sinultaneous and single
equation estimates. Additionally, anong these variables (ACCAR ACHOME
APHOME, and GASCOOK), ACCAR performs best. In the two-stage estimates, for
exanple, the coefficient of ACCAR correctly signed (negative) and
significant at the 10 percent level using a one-tail test in five of the
normal subsanple equations and in four of the inpaired subsanple equations
The coefficient of ACCAR never is wongly signed and significant. GASCOOK
perfornms next best. In the two-stage estimates, the coefficient of this
variable is correctly signed (positive) and significant at 10 percent in a

one-tail test in two of the normal subsample SPFs, and in four of the
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i npaired subsanple SPFs. ACHOVE and APHOVE, on the other hand, perform

l ess well. In the nornmal subsanple regressions, neither variable was
significant at 10 percent in a one-tail test and correctly signed
Significant and wong signed coefficients occasionally occur for these
vari abl es. In the inpaired subsanple, performance of ACHOVE inproves as
its coefficient in the two-stage estimates is negative and significant in
four equations. The coefficient of APHOVE is negative and significant only
in the inpaired subsanple SPF for headache.

The results for both the short and long run averting behavior
vari abl es indicate that no single averting good or conbination of averting
goods significantly reduces the probability of all nine symptoms. As a
result, there may be a uni que package of averting goods for each synmptom
and the method of evaluating benefits using one synptom and one averting
good at a tine, as outlined in Chapter 3, appears to be justified
Additional ly, an averting behavior which is significant in a given SPF in
one of the subsanples often is not significant for that SPF in the other
sanpl e. It appears, then, that the normal and inpaired groups have
different technologies for reducing synptons.

Wth respect to denographic and location indicators, years of
education tends to be negatively and significantly associated with synptons
for the the inpaired group, but is not significantly related to synptons
for those in the normal group. Age tends to be positively associated with
synptons. Marital status is negatively related to synmptom occurrence
while the coefficient of SEX tends to be negative whenever it is
significant, suggesting that males may have fewer synptons than fenales.

Time and | ocation dumm es, GLENL through GLENd and BURBO t hrough BURB2, are
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significant in sonme SPFs, but overall performance of these variables is
uneven.

As previously indicated, the pollution variables performpoorly in the
SPFs.  Also, no consistent pattern of coefficients emerges when comparing
different synptons for a given subsanple, two subsanples for a given
symptom and single and simultaneous equation estimates for given synptom
and subsample. Mreover, in contrast to the reduced forms, inclusion of
NOX as an explanatory variable can result in [arge changes in the S02 and
QZO coefficients possibly due to the roughly 0.80 Pearson correlation
between NOX and ZO. Thus, the data do not reveal a consistent association
between either S02 or OZO and the nine synptons. Mre research on the
associ ati on between these synptons and various pollutants is warranted

7.2.1 Could Not Breathe Deep

In the whole sanple regression for the synmptom “could not breathe
deep,” none of the variables used to define inpaired status are significant
at the ten percent level in a one-tail test, suggesting that there are no
significant differences in the constant terns of the nornmal and inpaired
regressions for this synptom Anpng the other health status mneasures
HAYFEV is positive and significant in both the normal and inpaired
regressi ons.

In the normal subsanple SPF, the coefficient of nedical care is
negative but insignificant in both the single and sinultaneous equation
estimates. Just the opposite occurs in the inpaired regressions: nedica
care is positive in both equations. Qut door hours is positively and
significantly (at five percent) associated with the probability of this

synmptom in the sinultaneous equations for both the normal and inpaired
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groups, and the coefficient is nearly five tinmes as large in the
simul taneous equation estimates as in the single equation estimtes

None of the long-run averting behaviors are significant and correctly
signed in the normal regression for the synptom “could not breathe deep”
ACHOME is positive (wong sign) and significant for the nornmals. For the
impaired group, GASCOX is correctly signed; its coefficient significant at
the five percent level in the simultaneous SPF estimates.

The pol lution variable S02 shows an interesting pattern in going from
single equation to sinultaneous equation estimation. In the normal SPF for
“coul d not breathe deep,” the S02 coefficient is positive using both
estimation nethods, but the two-stage simultaneous equation procedure
produces a coefficient 50 tines larger, and significant. In the inpaired
regression, using simltaneous equation nethods changes the sign of the s02
coefficient from negative to positive, but the coefficient is insignificant
in both inpaired equations. (Ozone, on the other hand, enters the single
equation inpaired SPF positively and significantly, but becones negative
and insignificant in the simltaneous equation SPF.

7.2.2 Pain on Deep Inhalation

The “pain on deep inhalation” SPFs presented in Tables 7.4 to 7.6 are
qualitatively simlar in many respects to the “could not breathe deep”
SPFs. The simlarity in the estinated equations for these two synptons nay
reflect a basic simlarity in the two synptonms thensel ves and may provide a
basis for aggregating the two synptons in future research.

The “pain on deep inhalation” SPFs exhibit greater changes than the
“could not breathe deep” SPFs in the magnitudes of the coefficients of the

jointly deternined variables. The coefficients of OUTHAT and QUTHRS in the
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normal subsanple SPF Is correctly signed and significant. Coefficients of
GASCOK al so are correctly signed and significant in the single and
simul taneous equation estimates for the normal subsanple. The coefficient
of ACCAR is correctly signed and (alnost) significant at the 10 percent
level in a one-tail test in the inpaired subsanple. Additionally, neither
ozone nor sulfur dioxide is a significant factor in the production of pain
on deep inhal ation.

7.2.3 Qut of Breath Easily

The estimated “out of breath easily” SPFs appear in Tables 7.7 through
7.9. The whole sanple SPF reveals a significant positive association
between bronchitis and getting out of breath easily. In the separate
subsanpl e regressions, the health status indicators not used to define

i mpai red status (FLEMCO, SHRTWHZ, HAYFEV, RESPINF, and POOR) are all
positively and significantly associated with this synptom wth the
exception of SHRTWHZ and FLEMCO in the normal group’s equations and POOR in
the inpaired group’ s equations.

Si mul t aneous equation methods produce mxed results for the two
subsanpl es. For the normal subsanple, sinultaneous equation estinmation
changes the single equation’s positive and significant nedical care
coefficient to a negative, insignificant coefficient. For the inpaired
subsanmpl e, the nedical care coefficient’s sign changes the wong way as
si nul taneous equation estimation replaces single equation estimation. The
coefficient on outdoor hours is larger in the sinultaneous equation
estimates for both the subsanples, while the nmagnitude of the recreational
trip variable' s coefficient changes in the wong direction for the nornal

group and the right direction for the inpaired group. In the normal
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subsampl e, none of the other averting behaviors take the expected signs
with significant coefficients in the two-stage estimates, but the
coefficient of GASCOX is positive and significant at 10 percent using a
one-tail test in the single equation estimates. Sinilarly, in the inpaired
“out of breath easily” SPFs, the coefficient of GASCOOK is correctly signed
and significant at five percent using a one-tail test.

Age is positively and significantly related to this synptom for both
the normal and inpaired groups. EDGRADE takes a negative and significant
coefficient in the inpaired equations, while MARRIED enters the nornma
regressions negatively and significantly. The single equation SPF
estimates for both subsanples suggest that ozone is a positive and
significant factor in producing “out of breath easily,” but in the
si mul taneous equation results, this outcome does not hold.

7.2.4 VWeezing/ Wistling Breath

The synptom “wheezing/whistling breath” is unique anong the definite
ozone symptons in that it is experienced alnost exclusively by the inpaired
individuals, particularly the asthmatics. This synptomis reported in only
26 of the 1330 observations from the normal subsanple, making any
i nferences based on that group’s regression results of doubtful quality.
The inpaired group’s SPFs for “wheezing/whistling breath,” on the other
hand, produce a nunber of interesting results. First, each of the jointly
determ ned variables take the expected sign in the sinultaneous SPF
estimates for the inpaired subsanple, although only the recreational trip
variable is significant. Second, the coefficients of two other averting
goods, ACHOME and GASCOCK, are correctly signed and significant, at one

percent and five percent, respectively. Third, the pollution variable

156



coefficients are relatively stable between the single and simultaneous
equation estimates, but neither S02 nor OZO appears significantly related
to this synptom Fourth, the health variables FLEMCO SHRTWHZ HAYFEV, and
RESPI NF perform well in both the sinmultaneous and single equation

esti mates.

7.2.5 Chest Tight

Tables 7.13 through 7.15 present the SPF estimates for “chest tight.”
The whol e sanple regression reveals that ASTHVA and BRONCH are positively
and significantly related to the probability of occurrence of this synptom
In the normal group’s regressions, FLEMCO SHRTWHZ, and HAYFEV all have
positive coefficients, but only the coefficient of HAYFEV is significant in
the sinultaneous estimates. The inpaired group’s regressions, on the other
hand, reveal a pattern anong the health status neasures that occurs for
several synptons: Al of the health inpairnents except the subjective
evaluation POOR are positively and significantly related to the probability
of occurrence of the synptom The coefficient of EDGRADE is negative and
significant for the inpaired group and positive and significant for the
nornal group. The coefficient of SEX is negative and significant for both
groups. Si mul t aneous equati on nethods reveal |ess of an association
bet ween ozone and chest tightness than single equation methods.

Anong the jointly determ ned averting behaviors, both OUTHAT and
RECHAT are correctly signed and significant at the 1 percent level in the
normal subsanple equation. However, in the inpaired subsanple regressions,
the coefficients of these variables are correctly signed but insignificant.
Moreover, in the normal subsanple, ACCAR perforns well in both the

sinul taneous and single equation estimtes. ACCAR, ACHOME, and GASCOXK
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performwell in the inpaired subsanple regressions. All three variables
have coefficients that are correctly signed and significant at the 10
percent level (or lower) using a one-tail test.
7.2.6 Cough

The SPF estimates for “cough’! are found in Tables 7.16 to 7.18. In
t he whol e sanpl e regressions, the health variabl es ASTHVA, BRONCH, OTHD S,
HAYFEV, RESPINF, and POCR are strongly and positively associated with the
occurrence of this symptom In the normal subsample regressions, younger,
male, married respondents, with nmore years of education cough |ess and
wor kers exposed to breathing hazards on the job experience this synptom
with greater frequency. In the inpaired subsanple regressions, the
coefficients of EDGRADE, SEX, and MARRIED remain significant and positive,
negative, and negative respectively; however, the coefficient of AGE is
significantly positive and the coefficient of EXPWORK is curiously negative
and significant. Turning to the averting behavior variables, the
coefficients of OUTHAT and RECHAT both are correctly signed in each
subsampl e; but these variables perform better in the normal subsanple.
ACCAR significantly reduces coughing in both subsanples and GASCOOK
significantly increases the occurrence of this synmptomin the nornal
subsanpl e. The coefficients of ACHOVE and APHOME are wongly signed
(positive) and significant in the inpaired subsample.

7.2.7 Throat Irritation

The SPF estinmates for “throat irritation” are found in Tables 7.19 to
7.21. The whol e sanpl e regression results show that anmong the health
status variables only RESPINF and OTHDI S are positively and significantly

associated with the occurrence of this synptom In the normal subsanple
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regressions, SHRTWHZ and HAYFEV performwell. Also, in this subsanple,
throat irritation is nore frequently experienced by those with nore years
of education who are exposed to breathing hazards at work. In the inpaired
subsampl e, on the other hand, the coefficients of RESPINF and MARRIED are
significant with signs of positive and negative, respectively. Anpong the
averting behavior variables, ACCAR significantly reduces throat irritation
for respondents in each subsanple. The coefficient of APHOME is wongly
signed and significant in the inpaired subsample. The coefficient of OZO
is positive and significant in the single equation regression for the
i mpai red subsanpl e, but the significance vanishes in the sinultaneous
equation estimates.
7.2.8 Sinus Pain

SPF estimates for “sinus pain” are presented in Tables 7.22 to 7.24.
The whol e sanple regression results indicate that respondents wi th ASTHVA
BRONCH, and HAYFEV experience sinus pain nore frequently. A'so, anong
respondents with normal respiratory function, the coefficients of FLEMCO
HAYFEV, AGE, SEX, and WRKESGV are significantly different from zero.
Coefficients of these variables are positive except for SEX.  Approximtely
the same pattern of coefficient estimates for these variables is displayed
in the regressions for the inpaired subsanple. ACCAR is the only averting
activity variable that performs well in the normal subsanple regressions,
whereas the coefficients of ACHOME, RECHAT, and OUTHAT are correctly signed
and significant in the inpaired subsanple regressions. The air pollution

variables perform poorly in the regressions for both subsanples.
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7.2.9 Headache

SPFs for headache are presented in Tables 7.25 to 7.27. The whole
sanpl e regression results again show that selected health status variables
(OTHDI S, FLEMCO, SHRTWHZ, HAYFEV, and RESPINF) are positively associated
with the occurrence of this synptom In the nornal subsampl e, ol der
femal es exposed to breathing hazards at work who reported certain
i ndicators of reduced respirator health (FLEMCO and HAYFEV) tend to have
headaches with greater frequency. In the inpaired subsanple, FLEMCO
SHRTWHZ, HAYFEV and RESPINF are positively |inked to headaches.
Addi tional ly anong inpaired respondents, unmarried nales have this synptom
w th greater frequency. As a group, the averting behavior variables
perform relatively poorly in the headache SPFs. For the nornmal group, only
the coefficient of ACCAR is correctly signed and significant at the 10
percent level using a one-tail test. In the inpaired subsanple
regressions, the sane statenment can be made for ACHOVE and it al most hol ds

for APHOVE.

7.3 METHOD FOR ESTI MATI NG WP

Chapter 3 concluded with the observation that each SPF may contain a
uni que package of averting inputs. The enpirical results just presented
appear to confirmthis argument. Nosingle averting input or conbinatio,
of averting inputs is significant in all of the SPFs. Thus, it can be
argued that each SPF contains a unique “macro” averting good which is a
conbi nation of individual averting activities and that a separate benefit
calculation can be made for each synptom using one of the avertin,

activities which conpose the macro averting good.
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At |east one averting behavior, then, needs to be selected to value
each synptom  The averting behaviors specified as inputs in the SPFs are
MED, QUTHRS, RECTRIP (or MEDHAT, OUTHAT, RECHAT), ACCAR, ACHOME, APHOME,
and GASCOOK. For each synptom averting behaviors having coefficients that
are correctly signed and significant at the 10 percent |evel using a
one-tail test were chosen to nake the WP cal cul ations. If no averting
behavior variables net this criterion, no benefit estimtes were mde. For
certain synptons, then, WIP is conputed using two or nore averting behavior
vari abl es. However, for three synptons experienced by the nornal
subsanple, the averting behavior nethod fails to support benefit
cal cul ati ons.

Once an averting behavior was selected as a basis for valuing a
synptom two pieces of information are needed: (1) an estimate of the
margi nal productivity of the input in reducing the synptom and (2) the
full price of the input. Recal | fromthe discussion of the averting
behavi or nodel in Chapters 2 and 3 (for exanple, see, equation (10) of
Chapter 2) that the narginal benefit of reducing a synptomis equal to the
margi nal cost of achieving that reduction in the synptom  The narginal
cost of production can be expressed as the ratio of the price of an input
to its marginal product. Thus, using averting activity V. to value synptom

Sin the benefit expression

o]

WTP = o (1)

ml

ji
where g, is the full price of averting input V,and S, is the narginal

product of averting input V, in the production of symptomS.
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All WP estimtes are based on one or nore of the longer run averting
behavi ors ACCAR, ACHOME, APHOVE, and GASCOOK. The nedical care variables
performed poorly in the estimted SPFs and therefore were not used. Al so,
difficulty in obtaining full price data for hours outdoors and for
recreational trips precluded the use of these variables in making benefit
cal cul ati ons. Nevertheless, the relatively strong performance of
particularly OUTHAT and to a |lesser extent RECTRIP and RECHAT still |ends
support to the averting behavior approach.

A problem with the WIP calculations is that the averting behaviors
anal yzed are inpure in that they may provide direct utility. ACCAR and
ACHOME provide a cooler and nore confortable environment in addition to
symptom relief. Synpt om reducti on associated with recreational trips may
be a side benefit having little to do with the primary notivation for the
activity. Natural gas may be preferred to alternative cooking fuels
because of the difference in warmup time. Air purifiers may keep homes
cleaner by filtering out particul ate. Pure averting goods, which enter
synmpt om production functions but not utility functions, probably are few
In any case, WP estimates based on inpure averting goods are biased
upward.  Inpure averting goods, as discussed in Chapter 3, provide utility
directly and these utility effects would be included in the WIP esti mates.
As a consequence. calculations presented in this chapter are upper bound
estimates of WP for synptom avoi dance.

Because the four variables used in the WP cal cul ations are specified
as dunm es, their increnmental productivity in reducing synptoms is

calculated in discrete form as shown in equation (2)
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APr(S.)

AV,
i

It

= F(—x'3|vi 1) - F(-X'8|v, = 0) (2)

where F(e) is the cunulative logistic distribution function, V = ACCAR
AC HOVE, APHOME, GASCOCK, and S is one of the nine synptons. Equation (2)
gives the incremental product of an averting good, that is, the reduction
in probability that a synptom occurs on a given day. This probability then
can be nmultiplied by 365 in order to obtain the expected number of days per
year the synptom is avoided through use of that averting good

G ven estimates of the increnmental products of the averting behaviors
from equation (3), the remaining information needed to estimate WP for
synpt ons avoi ded are the full prices of the averting inputs. Annualized
full prices for ACCAR ACHOME, APHOVE, and GASCOOK were constructed by
contacting major retailers and utilities in the Burbank and d endora areas
to obtain estimates of the initial investment, operating and naintenance
costs, useful life span, and scrap value for each of these goods. The
exact nethods used are discussed nore fully in the four subsections bel ow.
These cal cul ations assume that no tine is spent in exclusive use of these
goods. Thus, prices reported in the four subsections bel ow involve only
out - of - pocket expenditures.

7.3.1 Auto Air Conditioning

The increase in the sticker price of a new car when air conditioning
is added as well as the cost to add air conditioning to an older car varies
by manufacturer and nodel, but these prices tend to be in the $700 to $1000
range, and cluster around $800. Wien a car is sold or traded, the air
conditioner has a scrap val ue. Comparing “blue book” used car values wth

and without air conditioning yields a differential of $350 to $725, with a

163



nean of about $450. Assuming an ownership period of five years and an
interest rate of eight percent inplies a present scrap value of $306.26
maki ng the present value of the net investment $800 - $306.26 = $493. 74.
Amortizing, at 8 percent, this investment over the assumed five year
ownership period gives an equival ent annual paynent of $123.66, In
addition to the annual investnment cost, there is a fuel expense associated
with car air conditioning. An air conditioner |lowers the gas mleage of a
new mdsize car by one or two mles per gallon. G ven that the sanple
average nunmber of mles driven per week of 258.70, an average gas ml eage
of 23.85 mpg, and an average price of unleaded regular gasoline of $1.15
per gallon in the last half of 1985, the estimted operating costs of a car
air conditioner are $28.38 per year. The full price of car air
conditioning then is $123.66 + $28.48, or about $152 per year.

7.3.2 Hone Air Conditioning

A central air conditioning system for the honme costs $1300 to $2000
per ton; three ton units are the nost conmon. Assuning a price of $1500 x
3 = $4500 and a useful life of 20 years, and again anortizing at eight
percent gives an annual investnent cost of about $325 per year. The
electricity expense of honme air conditioning varies widely according to
personal tastes for heat, construction of the home, insulation, and other
factors. After consulting with air conditioner dealers and electric
utilities in Southern California, it was determned that the average
three-ton unit in the Los Angel es basin would consume 3000 kil owatt-hours
of electricity. At $.03/kilowatt, this amounts to $90 per year fue

expense. The annual full price of ACHOME then is $325 + $90 = $415.
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An electronic air purifier with a charcoal filter costs $700 to $1000
to install, lasts as long as the central air conditioning unit to which it
is attached, and does not add appreciably to fuel costs. Filters nust be
repl aced once or twice per year at $25 to $30. Anortizing the nmean price
$850. over 20 years at eight percent and adding $41.25 filter repl acenent
cost per year yields an annual full price of APHOME of about $122

7.3.3 (Gas vs. Electricity for Cooking

New el ectric ranges purchased from the appliance deal ers surveyed in
the Burbank and G endora areas cost about $400. A three year old gas range
has a trade-in value of roughly $50 to the same appliance deal ers.
Anortizing a net investment of $350 over an expected life of ten years
gives $47.36 per year. Electric ranges are nore costly to operate than gas
ranges, however. Information obtained from utilities and several appliance
dealers indicate the difference is about a $.10 a day, or $36.50 per year
Thus the annual full price of switching fromgas to electric cooking is
$83. 86.

The next section conbines the foregoing annual full prices of averting
goods with estimates of their increnmental productivities in reducing

synmptons to derive measures of WP to avoid synptons.

7.4 ESTI MVATES OF WIP TO AVA D SYMPTOVS

7.4.1 Averting Behavior Estimates

WP estimates for avoi dance of synptom days based on sinultaneous
equation estimtion of SPFs are presented in Tables 7.28 through 7.30
Table 7.28 presents estimates for the normal subsanple, and Tables 7.29 and
7.30 present corresponding estimates for the inpaired subsanple and whol e

sample, respectively. Because of the apparent differences in SPF structure
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between the two subsanples, WP calculations for the whole subsanple are
presented only for illustrative purposes. Addi tionally, sinultaneous
equation, rather than single equation, estimtes were selected to be the
basis for WP cal cul ati ons because they are nore defensible on econonetric
grounds. In the tables, the first colum on the left hand side lists the
symptons, while the second colum lists the averting good (or goods) used
to make the WIP calculation. The third colum from the left gives the
change in the daily probability of occurrence of the symptom as the
averting good is enployed; and in the fourth colum, the daily probability
change is nmultiplied by 365 to obtain the expected nunber of days per year
the synptom would be avoided. Dividing the expected nunber of synptom days
avoi ded into the annualized full price of the averting good yields the WP
per synptomday avoided. This figure is presented in the l|ast colum of
Tables 7.28 through 7.30.

Bef ore considering the WIP estimates in detail, four general caveats
should be namde explicit. These caveats inply that the WIP figures are not
precise and instead should be regarded as order-of-magnitude estimates.
First, the estinmates are based on estinmated | ogistic regression
coefficients. These coefficients have a probability distribution and
consequently, the true paranmeters which determne the productivity of the
averting goods are neasured subject to error. Second, construction of
annual i zed full prices for the averting goods is arbitrary to sone extent
because particular values were chosen to approximate retail sales price,
mai nt enance costs, interest rates, length of life and scrap values. Third,
as previously indicated, the four averting goods anal yzed may provide

direct utility; thus, calculations of WIP to avoid synptons probably are
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upper bound estimates. Fourth, the estimates presented are based on
frequency of synptons. Synptom intensity, which may differ between the
normal and inpaired groups, is a difficult dinension to add to the analysis
and may be a useful area for further research.

Table 7.28 shows that the WIP estimates for the nornal subsanple range
from $2.66 to avoid one day of cough to $35.76 to avoid one day of chest
tightness. Four of the WIP estimates cluster in the range from $13.89 to
$19.77. Two WP estimtes, based on GASCOOK and ACCAR, were calculated for
cough. These estimates are $2.66 and $14.18, respectively. The reason for
this difference is that, GASCOX is three tines productive than ACCAR in
el imnating days of coughing (see colum 4, Table 7.28) and the cost of
switching fromgas to electric cooking is |lower than the cost of an
automobil e air conditioner. Al'so, WP was not calculated for three
synptons, could not breathe deep, out of breath easily, and
wheezi ng/ whi stling breath due to poor performance of the averting behavior
variables in the estimated SPFs. As shown in Table 4.2, however, these
symptons were present In less than 3.5 percent of the observations in this
subsampl e; consequently, there is little variation in the dependent
variables for the averting behaviors to explain.

WP estimates, which could be calculated in the inpaired subsanmple for
each of the nine synptoms, range from $0.97 to $23.87. These two estimtes
both pertain to chest tightness and are based on GASCOOK and ACHOVE,
respectively. Two or nore averting behaviors also were used to calculate
WP for the synptons wheezing/whistling breath and headache, In Table

7.29, WIP estinates tend to be |owest when based on GASCOOK and hi ghest
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when based on ACHOME. This outcone reflects both the productivity of each
good in elimnating synptom days as well as their full prices

The WIP estimates can be better understood by conparing the results
for the normal subsanple with those for the inpaired subsanple. Not i ce
that nornmal individuals tend to be willing to pay nore than inpaired
individuals to avoid a day’'s experience of a particular synptom Thi s
result is nobst striking in cases where the sane averting good is used to
calculate WIP for avoiding a particular synptomin both the normal and
i npai red subsanples (i.e., conpare the WP estimtes based on ACCAR for
chest tight, cough, and throat irritation). The expl anation for this
outcone lies in the relationship between the logistic functional form
chosen for the SPFs, the inplied marginal cost schedule for synptom day
reduction, and the difference in symptom frequency in the nornmal and
i npaired subsanples. These concepts are illustrated in Figures 7.1 and
7.2.

Figure 7.1 shows logistic cunmulative distribution functions for
synpt om avoi dance in normal and inpaired individuals. In particular, the
vertical axis shows the daily probability of avoiding a synmptom and the
horizontal axis neasures the quantity of inputs enployed in synmptom
reduction. The curve for the normal individuals |ies above the curve for
the inpaired individuals. Thus, for given quantities of inputs devoted to
symptom reduction, jnpaired individuals have a greater probability of
synptom occurrence. Also, each cunulative distribution function takes the
ogi ve shape often assunmed to hold for biological dose response functions.
Mat henatically, this ogive shape is quasi-concave and is the curvature

required for econom c production functions
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Figure 7.1. Logistic Curulative Distribution
Functions for Avoiding Synptons
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Figure 7.2. Marginal Cost Schedules for
Avoi ding Synpt ons
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Assumi ng that all individuals face the same prices, the |ogistic SPFs
imply marginal cost schedules of the formshown in Figure 7.2. Because the
inpaired group has inferior SPFs, its marginal cost schedule lies above
that for the normal group. Additionally, Figure 7.2 illustrates a typical
situation in which the nornmal group experiences synptons |ess frequently
than the inpaired group. (Table 4.2 shows that this relationship holds for
all nine synptons analyzed.) Letting P and P, denote the probabilities of
not experiencing a synptom anong inpaired and nornal group nenbers, then P

N

>P., IfP_>P m normal group nembers are operating on nore steeply

I N I’
sl oped portions of their marginal cost schedules than are inpaired group
menbers. Alternatively stated, averting goods are nore productive in
reduci ng synmptom days for inmpaired group nmenbers than for nornmal group
menbers. In the enpirical analysis this outcone is easily seen by
conparing the fourth colums of Tables 7.29 and 7. 30. Expected synmptom
days avoided are uniformy higher for the inpaired group than the nornal
group. Thus, willingness to pay to avoid one synptom day is generally

hi gher for the normal group menmbers than for inpaired group nmenbers (i.e.,

= >
MC WTPN MC

N = WTPI) .

I
It is worth enphasizing that the discussion to this point has focused
on marginal wllingness to pay to avoid one day of synptom experience.
WP, < WIP, because inpaired group nmenbers experience synptons nore
frequently and therefore have nore synptom days that can be elimnated by
taking averting action, This result, however, does not inply that the
total willingness to pay to avoid synptons is larger for normal group

menbers than for inpaired group nenbers. To better appreciate this

distinction, first notice that the total willingness to pay to elimnate a
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synptom entirely would be infinite for both groups. The |ogistic SPFs
imply that the probability of not experiencing a symptomis driven to unity
only asynptotically. Consequently, the area under both marginal cost
schedul es between an arbitrary lower limt of integration (O< P < 1) and
the upper limt P =1 wuld be infinite. Next, consider a hypothetical
synptom experienced by the two groups with equal frequency; for exanple, P|
= Py= 9. The total WP for increasing P and P,to, say, .98 would be
unambi guously larger for the inpaired group than for the normal group.
This total WP cal cul ati on woul d nmeasure the area under the two narginal
cost schedul es between P = .95 and P = .98. Because the marginal cost
schedule for the inpaired group lies above the corresponding schedule for
the normal group, the area under the former marginal cost schedul e exceeds
that for the latter.

Cal cul ations of total WIP for the two groups could be nade for each
synmptom using the SPF estimates presented in this chapter. Using the sane
upper and lower limts of integration, the areas under inpaired and normal
mar gi nal cost schedul es coul d be eval uated. Thi s conparison, however,
could be highly misleading if the integration limts lie outside the range
of observations for either group. A check of the SPFs reveals that this
situation would arise for all nine synptons. As a consequence, total WP
estimates were not calcul ated.

7.4.2 Contingent Valuation Estimates

A further perspective on the WIP estimates presented in Tables 7.28 to
7.30 can be obtained by reconsidering the contingent valuation (CVYM bids
presented in Table 4.2. As indicated in Chapter 4, both the background and

following survey instrunents asked directly for respondents’ willingness to
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pay to avoid one days’ experience with particular synptomns, Bi ds were
obtai ned only fromrespondents who reported having the symptoms within the
48 hours just preceding the interview Consequently, bids are linked to
specific, recent events which are fresh in respondents' m nds. Thi s
approach contrasts with that of Loehman et al. where mail survey
respondents were asked for bids to avoid synptons they may never have
experienced. Also, it contrasts with the approach taken by Tolley et al.
in which respondents were asked to recall synptons experienced over the
year prior to the survey.

The CVM bids presented in Table 4.2 are reproduced in Table 7.31 along
with ABM WP val ues from Tables 7.28 to 7.30. Three aspects of these
figures are of interest. First, as indicated in Chapter 4, these bids are
larger but of a similar order of nagnitude as those reported by Geen et
al. (1978) and Berger et al. (1985). For exanple, the bid obtained in this
study to elimnate a day of coughing is $175 in the whol e sanpl e whereas
the corresponding bids obtained by Berger et al. and Geen et al. were $105
and $26 to $45, respectively. Further conparisons of this type can be nade
with reference to Tables 2.2 and 2.3 in Chapter 2. Second, in contrast to
the ABM estimtes, the CVM bids frominpaired respondents exceed those from
the normal respondents, often by a substantial margin. Third, the CVM bids
for avoi ding synptons always are larger than those obtained with the ABM
Certain CVM bids exceed their ABM counterparts by a factor of 10 or nore

A conpl ete explanation of the |arge discrepancies between the CYM and
ABM results requires further research. Neverthel ess, speculation a to
reasons underlying this outcome still is possible. One factor that may

have contributed to the order of magnitude differences between ABM and CVM
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WP estimates is that the former is based on reveal ed preferences whereas
the latter is based on expressed preferences. Preferences can bhe expressed
at zero cost; consequently, they nay be a less reliable guide in estinating
WP for avoiding synptons. A second factor is that the CYM bids are biased
upward. As explained in Chapter 2, use of Heckman's (1979) technique to
correct for sanple selection bias may reduce estinates of the nean CVM
bids. Additionally, since this technique adjusts for the probability that
the synptom occurs, it could reverse the ordering of the CVM estimtes of
WP between the normal and inpaired groups. Third, in answering the
contingent valuation question, respondents nmay have been bidding to avoid
nore than one day’'s experience with a synptom As indicated in the
background and followup questionnaires, respondents were asked explicitly
for their bid to avoid a synmptom for one day. Yet some respondents still
may have bid to avoid synptons for |onger periods of tine. Fourth, large
CWM bids nay have been given by respondents who have been troubled by a
symptom but have not found a renmedy or averting action that is effective
inrelieving it. Thus, a key reference operating condition (prior
experience) for using the CYM may not have been satisfied for al
respondents. (For a nmore conplete explanation of reference operating
conditions and the consequences of violating them see Cunm ngs,
Brookshire, and Schul ze, 1986.)

A fifth, and final, factor of note in analyzing the CVM responses is
that, particularly for the normal group, the conparatively |arge mean
values are due to very large bids given by a few respondents. Table 7.32
shows the effect of trimmng the CYM bids by 5 percent. Mre specifically

the mean bids for the normal and inpaired groups are reproduced from Table
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7.31. Also, the trinmed nmeans which disregard 2.5 percent of the bids in
each tail of the bid distribution are presented for conparison purposes.
Qutlier bids have come under increasing scrutiny in CVM cal culations and
Mendel ssohn has surveyed alternative approaches to trinmmng. Even though
the degree of trimmng used here is arbitrary, it surely renobves sone
protest and nonparticipatory bids at the low end as well as sone
ill-considered and inplausibly large responses at the high end. Table 7.32
shows that after trimming, the CYMbids fall in all cases; a result that
illustrates the tendency for the bid distribution to be skewed to the
right. In fact, even a conparatively small anount of trinmng produces
precipitous reductions in WIP estinates for sone synptons in the norma
group (see, for exanple, chest tightness and pain on deep inhalation).
Reductions in WP estimates for the inpaired group tend to be smaller than

those for the normal group.
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TABLE 7.1. COULD NOT BREATHE DEEP PRCODUCTI ON FUNCTI ON: WHOLE SAMPLE®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates

ASTHMA -.0196 .0612
(-.097) (.312)
BRONCH .0252 .1198
(.102) (.565)
OTHDIS .1076 .1632
(.506) (.807)
FLEMCO .2114 L1770
(1.183) (1.149)
SHRTWHZ .3232 .3555
(1.528) (1.800)
HAYFEV L4140 L4242
(2.644) (3.054)
RESPINF 4369 .3513
(1.428) (1.192)
POOR .5889 3777
(1.253) (.920)
EDCRADE .0138 .0122
(.522) (.459)
ACE 0116 0116
(1.335) (1.309)
SEX -.0605 -.0522
(-.183) (-.188)
MARRIED -.5916 -.5253
(-2.361) (-2.280)
GLEN1 .3906 .7544
(2.093) (2.832)
GLEN2 -.1449 .2511
(-.635) (.854)
CLEN3 -.1362 .1310
(-.516) (.408)
GLEN4 -.4287 -.1346
(-1.385) (-.374)
BURBO -.8811 -.6168
(-2.027) (-1.504)
BURB1 .0965 .6615
(.332) (2.076)
BURB2 -.5323 .0487
(-1.553) (.133)
WRKESCV .0906 .0162
(.574) (.116)
EXPWRK .2499 .3188
(1.719) (2.384)
ACWRK .3988 .2455
(2.114) (1.356)
ACCAR -.0057 .0140
(-.037) (.094)
ACHOME .3397 .3673
(1.798) (2.018)
APHOME -.1393 -.0186
(-.653) (-.093)
GASCOOK L1741 2211
(.716) (.994)

MEDHAT -.6366 T

(-.388)

MED oo -.2008
(-.611)

OUTHAT L4587 T

(3.784)

(continued)
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Table 7.1, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
OUTHRS .0829
(2.633)
RECHAT .9933 oo
(.504)
RECTRIP .0137
(.061)
S02 .3942 .1462
(2.015) (.871)
0z0 -.0347 .0114
(-1.647) (.920)

‘The dependent variable in the regression is a transformation, T(P), of the dependent
variable p in the model: T(p) = 5 + 0.5[#n(p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.
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TABLE 7.2.  COULD NOT BREATHE DEEP PRODUCTI ON' FUNCTI ON
NORVAL SUBSAMPLE®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO .3320 .1597
(1.277) (.711)
SHRTWHZ -.5370 -.3441
(-.907) (-.616)
HAYFEV L3717 L4267
(1.662) (2.124)
EDCRADE .0167 .0065
(.542) (.219)
ACE .0134 .0173
(1.143) (1.508)
SEX -.0998 -.0029
(-.252) (-.008)
MARRIEO -.2638 -.1179
(-.884) (-.402)
GLEN1 4775 .9849
(1.864) (2.522)
CLEN2 -.3168 .1355
(-.933) (.304)
CLEN3 -.2571 .1356
(-.705) (.295)
GLEN4 -.7936 -.3787
(-1.429) (-.604)
BURBO -.7268 -.3370
(-1.329) (-.709)
BURB1 -.1386 .7928
(-.310) (1.715)
BURB2 -.2799 .6323
(-.609) (1.358)
WRKESGV -.0719 -.1281
(-.397) (-.722)
EXPWRK .0715 .3194
(.347) (1.875)
ACWRK .3275 .1605
(1.411) (.754)
ACCAR -.1694 -.1794
(-.887) (-.992)
ACHOME .6407 L7764
(1.926) (2.423)
APHOME -.2192 .0695
(-.690) (.263)
GASCOOK -.1396 -.0086
(-.446) (-.035)
MEDHAT -.3732
(-.246)
MED -.5526
(-1.038)
OUTHAT .6376
(2.761)
OUTHRS 1014
(2.275)
RECHAT 1.0025
(.501)
RECTRIP .4200
(1.745)
(continued)
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Table 7.2, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
S02 .5374 .0136
(1.809) (.062)
0z0 -.0608 -.0034
(-1.992) (-.211)

‘The dependent variable in the regression is a transformation, T(P), of the dependent

variable p in the model: T(P) = 5 + 0.5[&(p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.
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TABLE 7.3

COULD NOT BREATHE DEE PRODUCTI ON FUNCTI ON
| MPAI RED SUBSAMPLE™’

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO .2513 .3987
(.889) (1.521)
SHRTWHZ .3853 .3220
(1.321) (1.105)
HAYFEV .3697 .4843
(1.338) (1.852)
RESPINF .2165 .2261
(.489) (.522)
POOR 1.0120 .9494
(1.565) (1.506)
EDCRADE -.0117 -.0124
(-.185) (-.204)
AGE .0269 0171
(1.460) (.976)
SEX -.1534 .4809
(-.184) (.639)
MARRIED -.8601 -1.6022
(-1.167) -2.358)
GLEN1 .8300 1.0522
(2.671) (2.628)
GLEN2 .5806 .8327
(1.712) (1.990)
CLEN3 .6259 .7389
(1.482) (1.580)
GLEN4 L4031 .5829
(.939) (1.222)
BURBO T T
BURB1 1.0624 1.3998
(2.843) (3.302)
BURB2 T
WRKESGV .5696 .4653
(1.802) (1.591)
EXPWRK -.2410 -.0909
(-.718) (-.297)
ACWRK .9973 .5627
(2.188) (1.477)
ACCAR .0596 .3096
(.173) (.989)
ACHOME .2640 .5306
(.605) (1.234)
APHOME 4752 L1792
(1.291) (.524)
GASCOOK 1.2343 .9396
(1.994) (1.593)
MEDHAT 1.8441 ---
(1.347)
MED .3378
(.658)
OUTHAT .3757
(2.420)
OUTHRS .0749
(1.531)
RECHAT -.9814
(-.851)
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Table 7.3, continued

Explanatory Simultaneous Single

Variable Equation Estimates Equation Estimates

RECTRIP

S02 .0845 -.0090
(.266) (-.029)

0z0 -.0068 .0603
(-.188) (2.576)

‘The dependent variable in the regression is a transformation, T(P)S of the dependent

variable p in the model: T(p) = 5 + 0.5[&n(p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.4.  PAIN ON DEEP | NHALATI ON PRODUCTI ON FUNCTI ON: WHOLE SAMPLE™’

Explanator, Simultaneous Single
Variable Equation Estimates Equation Estimates

ASTHMA 2196 .2485
(1.223) (1.416)
BRONCH -.0435 -.0046
(-.176) (-.022)
OTHDIS -.1671 -.1400
(-.720) (-.615)
FLEMCO 1757 .1828
(1.042) (1.207)
SHRTWHZ .3065 .3547
(1.563) (1.931)
HAYFEV .3022 .2803
(1.978) (2.035)
RESPINF .3497 .3308
(1.1286) (1.078)
POOR .0955 -.1041
(.182) (-.228)
EDGRADE -.0391 -.0386
(-1.470) (-1.454)
AGE .0017 .0031
(.213) (.372)
SEX -.2178 -.1509
(-.694) (-.571)
MARRIED -.3650 -.3519
(-1.484) (-1.561)
GLEN1 1.4035 1.5902
(6.868) (6.228)
GLEN2 .4539 .6673
(1.817) (2.298)

GLEN3 T T
GLEN4 .8349 9911
(3.358) (3.435)
BURBO .1822 .2751
(.477) (.757)
BURB1 1.0092 1.3087
(3.558) (4.442)
BURB2 -.0487 .3184
(-.113) (.730)
WRKESCV .1833 .1103
(1.265) (.847)
EXPWRK .2337 .2854
(1.692) (2.227)
ACWRK 1927 .1028
(1.153) (.641)
ACCAR -.0961 -.0642
(-.696) (-.476)
ACHOME .2345 L2478
(1.386) (1.496)
APHOME -.1523 -.1080
(-.711) (-.519)
GASCOOK .2679 .3301
(1.075) (1.423)

MEDHAT - 7447 Tt

(-.449)

MED T -.0456
(-.117)

OUTHAT .2826 L

(2.302)

(continued)
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Table 7.4. continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
OUTHRS .0635
(1.797)
RECHAT -.2835
(-.147)
RECTRIP -.2069
(-.747)
S02 -.1167 -.2653
(-.646) (-1.712)
0z0 -. 0135 .0120
(-.675) (1.046)
‘The dependent variable in the regression, is a transformation, T(p), of the dependent

is

variable p in the model: T(p) = 5 + 0.-5[2(p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.5. PAIN ON DEEP | NHALbATI ON PRODUCTI ON FUNCTI ON
NORMAL SUBSAMPLE™ °

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO -.0348 -.0322
(-.128) (-.143)
SHRTWHZ 5669 6112
(1.495) (1.868)
HAYFEV 7210 6554
(3.256) (3.360)
RESPINF - i
POOR o o
EDGRADE -.0136 -.0123
(-.431) (-.403)
AGE .0084 0156
(.750) (1.441)
SEX -.0611 -.0455
(-.168) (-.136)
MARRIED -.4126 -.2364
(-1.429) (-.865)
CLEN1 1.8174 2.2466
(4.852) (4.440)
GLEN2 .3419 71716
(.676) (1.281)
GLEN3 Tt -
GLEN4 1.1366 1.5330
(2.708) (2.869)
BURBO 2477 3526
(.415) (.643)
BURBI 1.0868 1.7766
(2.234) (3.330)
BURB2 -.0967 .7381
(-.140) (1.034)
WRKESGV 0607 -.0261
(.349) (-.153)
EXPWRK .3268 4416
(1.552) (2.605)
ACWRK 0929 -.1106
(.433) (-.579)
ACCAR -.2091 -.1345
(-1.077) (-.752)
ACHOME 5326 .5306
(1.933) (2.059)
APHOME -.3474 -.0359
-1.128) (-.137)
CASCOOK 4772 4910
(1.235) (1.471)
MEDHAT -1.4156 .-
(-.827)
MED s -.2534
(-.453)
OUTHAT 5002 To
(2.218)
OUTHRS T 1195
(2.150)
RECHAT -1.0259 ---
(-.516)

(continued)
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Table 7.5, continued

Explanatory Simultaneous Single

Variable Equation Estimates Equation Estimates

RECTRIP -.1144

(-.317)

S02 .2751 -.0648

(.974) (-.307)

0z0 -.0398 -.0020

(-1.442) (-.141)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 + 0.5[&n(p/(1-p)}]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.6. PAIN ON DEEP | NHALATI ON PRODUCTI ON FUNCTI ON
| MPAI RED SUBSAMPLE™ °

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO 5211 .5075
(1.879) (1.950)
SHRTWHZ .3163 .2595
(1.126) (.943)
HAYFEV .0693 .0761
(.283) (.327)
RESPINF L1159 .1032
(.275) (.251)
POOR 4677 4694
(.793) (.780)
EDGRADE -.1572 -.1439
(-2.481) (-2.385)
AGE -.0200 -.0174
(-1.231) (-1.168)
SEX -.1414 -.1787
(-.197) (-.284)
MARRIED -.7990 -.7083
(-1.425) (-1.393)
GLEN1 1.0748 1.1119
(3.861) (3.314)
CLEN2 L4137 L4492
(1.301) (1.230)
CLEN3 T T
GLEN4 .7193 .7320
(2.056) (1.876)
BURBO -.1141 -.0981
(-.179) (-.157)
BURBI .8032 8117
(1.808) (1.803)
BURB2 -.1019 -.0614
(-.166) (-.098)
WRKESCV 3748 4171
(1.485) (1.704)
EXPWRK -.3015 -.3245
(-1.067) (-1.208)
ACWRK .6055 .5758
(1.420) (1.582)
ACCAR -.3729 -.3162
(-1.276) (-1.215)
ACHOME .1673 .1384
(.479) (.408)
APHOME -.0959 -.0395
(-.234) (-.101)
CASCOOK .3128 .3305
(.766) (.835)
MEDHAT .8499 T
(.524)
MED T .3533
(.571)
OUTHAT -.0113 T
(-.072)
OUTHRS T -.0029
(-.051)
RECHAT .7069 T
(.646)

(continued)
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Table 7.6, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates

RECTRIP oo -.2287

(-.410)

S02 -.8053 -.7479

(-2.918) (-2.836)

0z0 .0216 .0228

(.627) (1.047)

‘The dependent variable in the regression is a transformation T(P), of the dependent

variable p in the model: T(p) = 5 + 0.5[&n(p/{1-p)}]. To obtain estimates of the true

parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b
t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.7. QUT OF BREATH EASILY PRODUCTI ON FUNCTI ON:
WHOLE SAMPLE™’

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates

ASTHMA -.0705 .0075
(-.300) (.033)
BRONCH 4130 4808
(1.665) (2.283)
OTHDIS .0059 .0233
(.021) (.087)
FLEMCO .2693 .2178
(1.311) (1.189)
SHRTWHZ 5226 4993
(2.104) (2.138)
HAYFEV 4925 .5337
(2.760) (3.242)
RESPINF .3125 .2547
(.902) (.760)
POOR .8204 .8044
(1.768) (2.2186)
EDCRADE -.0243 -.0308
(-.793) (-1.000)
AGE .0257 .0266
(2.670) (2.697)
SEX .2969 1135
(.781) (.348)
MARRIED -.7274 -.6674
(-2.517) (-2.365)
GLENI .1453 4599
(.634) (1.534)
CLEN2 .6417 .9531
(2.883) (3.240)
CLEN3 .0917 .3396
(.309) (.964)
GLEN4 .3830 .6336
(1.499) (1.978)
BURBO -.3277 -.1247
(-.878) (-.365)
BURB1 -.9468 -.5319
(-1.636) (-.902)
BURB2 -.7180 -.2785
(-1.614) (-.608)
WRKESGV 0116 .0549
(.065) (.341)
EXPWRK L1775 .2145
(1.068) (1.382)
ACWRK L2474 1411
(1.096) (.663)
ACCAR .0396 .0098
(.234) (.060)
ACHOME .0369 .1246
(.201) (.697)
APHOME -.9669 -.8550
(-2.362) (-2.173)
GASCOOK 4164 .5898
(1.271) (1.946)

MEDHAT 1.0296

(.613)

MED T .3455
(1.179)

(continued)

188



Table 7.7, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
OUTHAT .3471
(2.445)
OUTHRS ,0524
(1.475)
RECHAT 2.9385
(1.373)
RECTRIP T -.0851
(-.354)
S02 .2653 .0803
(1.285) (.454)
0z0 -.0032 .0343
(-.133) (2.500)

‘The dependent variable in the regression is @ transformation, T(P), of the dependent

variable p in the model: T(p) = 5 + 0.5[4n(p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b
t-statistics in parentheses.
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TABLE 7.8. QUT OF BREATH EASILY PRODUCTI ON FUNCTI ON
NORMAL SUBSAMPLE"”

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO .3076 .0317
(.857) (.098)
SHRTWHZ -.1571 .2539
(-.276) (.511)
HAYFEV 4249 .5198
(1.525) (2.030)
RESPINF Tt --
POOR 1.8404 1.2613
(2.313) (2.131)
EDCRADE -.0002 .0019
(-.005) (-.049)
AGE .0340 .0411
(2.684) (2.755)
SEX .0381 -.2069
(.084) (-.480)
MARRIED -.4632 -.4431
(-1.325) (-1.300)
GLEN1 6647 1.0261
(1.766) (2:248)
CLEN2 1.2248 1.6018
(3.409) (3.623)
CLEN3 .6513 1.0216
(1.413) (1.938)
GLEN4 .3560 .7188
(.735) (1.285)
BURBO 1.0909 .8335
(2.022) (1.863)
BURB1 T T
BURB2 6361 .8267
(1.093) (1.471)
WRKESGV .0180 -.0197
(.077) (-.088)
EXPWRK .1857 .3820
(.712) (1.742)
ACWRK .3962 2431
(1.301) (.867)
ACCAR -.0868 -.2038
(-.333) (-.848)
ACHOME -.0593 .0521
(-.203) (.193)
APHOME -.4954 -.2870
(-1.022) (-.659)
GASCOOK .3618 .8124
(.638) (1.464)
MEDHAT -1.2986 T
(-.737)
MED T 4933
(1.353)
OUTHAT .2370 T
(.821)
OUTHRS T 0734
(1.302)
RECHAT 3.5142 T
(1.590)

(continued)
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Table 7.8, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
RECTRIP 0277
(.096)
S02 1124 -.0716
(.323) (-.289)
0z0 .0392 .0499
(1.141) (2.805)

‘The dependent variable in the regression is a transformation, T(P)) of the dependent

variable p in the model: T(p) = 5 +0.5[&n(p/(1-p)}]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from

the intercept and multiply by 2.

b
t-statistics in parentheses,

‘variable excluded due to convergence problems.
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TABLE 7. 9.

QUT OF BREATH EASILY PRODUCTI ON FUNCTI ON:
| MPAI RED SUBSAMPLE"”

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO .3193 L4210
(1.254) (1.737)
SHRTWHZ .3458 .2509
(1.322) (.956)
HAYFEV .5192 .5871
(2.009) (2.329)
RESPINF .8195 L7563
(1.936) (1.822)
POOR .5188 .5950
(.904) (1.069)
EDCRADE -.0887 -.0845
(-1.394) (-1.380)
AGE .0291 0211
(1.834) (1.334)
SEX -.9895 -.7856
(-.921) (-.748)
MARRIED .5344 .3049
(.514) (.230)
GLEN1 .4332 .5982
(1.395) (1.550)
CLEN2 .8456 1.1161
(2.782) (2.916)
GLEN3 L4728 .5415
(1.161) (1.211)
CLEN4 1.0801 1.1057
(3.132) (2.789)
BURBO T R
BURB1 -.1820 -.0087
(-.318) (-.015)
BURB2 T T
WRKESGV .5198 .5196
(1.930) (1.996)
EXPWRK -.4719 -.2967
(-1.576) (-1.042)
ACWRK L4783 .1270
(1.393) (.429)
ACCAR -.1656 .0658
(-.546) (.244)
ACHOME -.1369 -.0237
(-.431) (-.076)
CASCOOK 1.0715 .8732
(2.370) (1.980)
MEDHAT 1.5806
(1.167)
MED -.0350
(-.058)
OUTHAT 3484
(2.406)
OUTHRS .0810
(1.705)
RECHAT -1.3463
(-1.149)
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Table 7.9, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
RECTRIP -.7709
(-1.346)
S02 .0374 -.0267
(.128) (-.094{
070 -.0243 036
(-.708) (1.611)

‘The dependent variable in the regression is a transformation, T(p), of the dependent

variable p in the model: T(p) = 5 + 0.5[&(p/(1-p}}]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.10

WHEEZI NG WHI STLI NG BREATH PRODUCTI ON  FUNCTI ON:

WHOLE SAMPLE™’

Explanatory

Simultaneous

Single

Variable Equation Estimates Equation Estimates

ASTHMA .5115 .5286
(2.825) (2.977)
BRONCH .2238 .2876
(.953) (1.431)
OTHDIS -.2691 -.1758
(-1.048) (-.720)
FLEMCO .3207 .3475
(1.990) (2.285)
SHRTWHZ .5275 .7053
(2.775) (4.142)
HAYFEV .6342 .5247
(4.027) (3.695)
RESPINF 1.0626 1.1108
(3.798) (3.946)
POOR .2107 -.4671
(.393) (-1.061)
EDGRADE .0206 .0210
(.671) (.683)
AGE .0183 .0221
(1.893) (2.271)
SEX -.1798 -.0066
(-.422) (-.018)
MARRIED .5862 .6133
(1.314) (1.406)
GLEN1 .0599 2217
(.290) (.828)
CLEN2 L2471 L4234
(1.218) (1.605)
GLEN3 .2149 .3552
(.920) (1.244)
CLEN4 .2456 3931
(1.085) (1.390)

BURBO T T
BURBI .1418 .4069
(.477) (1.226)
BURB2 -.1342 .1977
(-.425) (.566)
WRKESGV .0706 -.1165
(.393) (-.745)
EXPWRK -.0595 -.0340
(-.367) (-.268)
ACWRK .1459 .0338
(.723) (.175)
ACCAR .1659 2463
(.996) (1.503)
ACHOME -.2712 -.3320
(-1.590) (-1.991)
APHOME -.2937 -.1891
(-1.281) (-.855)
GASCOOK 4402 4109
(1.546) (1.540)

MEDHAT -3.7379 T

(-1.481)
MED U -.0913
(-.231)
(continued)
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Table 7.10,

conti nued

Explanatory

Simultaneous

Single

Variable Equation Estimates Equation Estimates
OUTHAT .2352 T
(1.748)
OUTHRS .0527
(1.542)
RECHAT -2.6073 o
(-1.171)
RECTRIP -.4500
(-1.601)
S02 .0077 -.1965
(.040) (-1.118)
0z0 -.0129 .0091
(-.607) (.658)

‘The dependent variable in the regression is a transformation T(p),
variable p in the model: T(p) = 5 + 0.5[&n{p/(1-p))].
parameters of the logistic regression, multiply slope coefficients by 2;
and multiply by 2.

the intercept

t-statistics

in parentheses,

‘Variable excluded due to convergence problems.
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TABLE 7.11. WHEEZI NG WH STLI NG BREATH PRODUCTI ON FUNCTI ON:
NORMAL SUBSAMPLE"’

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO -1.4678 -1.2876
(-2.863) (-2.696)
SHRTWHZ 1.9389 1.7624
(4.318) (4.519)
HAYFEV .8816 .7661
(3.297) (3.066)
RESPINF ST T
POOR T T
EDGRADE .0504 .0592
(1.078) (1.360)
AGE .0304 .0302
(1.678) (1.903)
SEX .7443 .9511
(1.263) (1.830)
GLEN1 .5165 .5853
(1.474) (1.327)
GLEN2 -.1557 -.0958
(-.330) (-.177)
GLEN3 L3077 .3733
(.732) (.770)
GLEN4 -.2797 -.2242
(-.474) (-.347)
BURBO S o
BURB1 1.0681 .8461
(2.358) (1.742)
BURB2 4523 .2352
(.846) (.429)
WRKESGV -.5327 -.5422
(-1.823) (-2.067)
EXPWRK 7041 3771
(2.239) (1.397)
ACWRK .7858 .6643
(1.850) (1.804)
ACCAR .0281 .1392
(.096) (.482)
ACHOME .3297 .2743
(1.064) (.898)
MEDHAT -3.1758 T
(-1.135)
MED T L3775
(.867)
OUTHAT -.3341 T
(-1.105)
OUTHRS T -.0202
(-.278)
RECHAT -1.8507 T
(-.757)
RECTRIP T .1064
(.301)
S0O2 -.4736 -.2396
(-1.212) (-.821)
0z0 .0489 .0137
(1.328) (.663)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 + 0.5{&n(p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

bt-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.12.  WHEEZI NG WHI STLI NG BREATH PRODUCTI ON FUNCTI ON:
| MPAI RED SUBSAMPLE™"

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO 1.3077 1.2614
(4.377) (4.594)
SHRTWHZ .6130 .6515
(2.168) (2.417)
HAYFEV .9521 .9709
(3.579) (3.895)
RESPINF 1.8025 1.8684
(4.598) (4.835)
POOR -.8894 -.8073
(-1.508) (-1.417)
EDCRADE L0171 .0039
(.274) (.065)
AGE .0194 .0132
(1.208) (.875)
SEX 1.1163 1.1745
(.827) (1.057)
MARRIED .5530 .5958
(.416) (.543)
GLEN1 -.0909 .2356
(-.327) (.675)
GLEN2 .5067 .8861
(1.825) (2.568)
GLEN3 .3655 .6935
(1.126) (1.895)
CLEN4 .5912 .9103
(1.925) (2.523)
BURBO - S
BURB1
BURB2 -.2540 .1602
(-.567) (.326)
WRKESCV -.0215 .0266
(-.070) (.095)
EXPWRK -.3879 -.2218
(-1.378) (-.869)
ACWRK -.1225 -.2300
(-.320) (-.730)
ACCAR .1074 .0792
(.366) (.329)
ACHOME -1.1916 -1.2216
(-3.899) (-4.108)
APHOME -.1425 -.2025
(-.354) (-.591)
CASCOOK .8045 .6360
(1.789) (1.567)
MEDHAT -.8814
(-.516)
MED
OUTHAT 1114
(.713)
OUTHRS .0968
(2.069)
RECHAT -3.6452
(-2.861)
RECTRIP -1.2318
(-1.966)

(continued)
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Table 7.12, continued

Explanatory Simultaneous Single

Variable Equation Estimates Equation Estimates

S02 -.2437 -.4030
(-.943) (-1.563)

0z0 .0080 .0145
(.236) (.693)

‘The dependent variable in the regression is a transformation, T(p), of the dependent

variable p in the model: T(p) = 5 +0.5[¢n(p/(1-p))1. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.13. CHEST TIGHT PRODUCTI ON FUNCTI ON: WHOLE SAMPLE™®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates

ASTHMA .3466 .2801
(1.955) (1.630)
BRONCH .6089 .3281
(2.645 (1.669)
OTHDIS --354 -.2310
(-1.491) (-1.025)
FLEMCO .4408 .5575
(2.740) (3.840)
SHRTWHZ .5083 4640
(2.817) (2.696)
HAYFEV 4610 .5308
(3.056) (4.044)
RESPINF .6867 .5974
(2.672) (2.325)
POOR -.0575 .3010
(-.140) (.880)
EDCRADE .0425 .0410
(1.671) (1.596)
AGE .0240 .0243
(2.762) (2.752)
SEX -.9293 -.6442
(-2.608) (-2.188)
MARRIED .5336. .3268
(1.688) (1.086)
CLEN1 -.2938 .0410
(-1.474) (.157)
CLEN2 .2200 .5602
(1.168) (2.248)
GLEN3 -.4669 -.1346
(-1.868) (-.448)
GLEN4 .0016 .3391
(.008) (1.267)
BURBO -.7202 -.2620
(-2.064) (-.815)
BURB1 -.6579 .0070
(-1.872) (.019)
BURB2 -.8821 -.1278
(-2.383) (-.340)
WRKESGV -.0834 -.0558
(-.523) (-.388)
EXPWRK -.2802 -.1246
(-1.915) (-.920)
ACWRK .0334 .0383
(.180) (.212)
ACCAR -.0852 -.0377
(-.573) (-.258)
ACHOME .1890 .2607
(1.028) (1.441)
APHOME 2317 .1386
(1.207) (.761)
GASCOOK .3989 .2068
(1.712) (.991)

MEDHAT 4.0189 T

(2.524)

MED T .0404
(.142)

(continued)
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Table 7.13, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
OUTHAT .3276 T
(2.657)
OUTHRS .0676
(2.254)
RECHAT -2.2962
(-1.091)
RECTRIP -.2870
(-1.309)
S02 4751 L1727
(2.521) (1.084)
0z0 -.0505 .0073
(-2.298) (.566)

‘The dependent variable in the regression is a transformation, T(p), of the dependent

variable p in the model: T(p) = 5 + 0.5[&n{p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7. 14

CHEST TI GHT PRODUCTI ON FUNCTI ON:

NORMAL SUBSAMPLE?, *

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO .3060 5191
(1.077) (2.323)
SHRTWHZ .3874 -.0661
(.753) (-.139)
HAYFEV .7663 L4870
(3.087) (2.300)
RESPINF ST T
POOR o
EDGRADE .0756 .0794
(2.264) (2.466)
AGE .0091 .0216
(.636) (1.606)
SEX -1.8234 -1.1785
(-3.351) (-2.574)
MARRIED 1.0346 1.0652
(2.110) (2.181)
CLEN1 -.7825 -.3075
(-1.890) (-.628)
GLEN2 .1581 .6891
(.573) (1.814)
GLEN3 -.0126 4469
(-.038) (1.037)
GLEN4 .1387 .6479
(.456) (1.616)
BURBO -1.2866 -.3859
(-2.080) (-.721)
BURB1 -1.1648 .3308
(-1.842) (.586)
BURB2 -1.2819 L2467
(-2.129) (.458)
WRKESGV -.2328 -.3129
(-1.051) (-1,445)
EXPWRK -.1000 .0109
(-.387) (.055)
ACWRK L2444 .1939
(.796) (.703)
ACCAR -.5648 -.3794
(-2.449) (-1.897)
ACHOME 1.4995 1.3055
(2.884) (2.678)
APHOME -.2134 .3098
(-.679) (1.296)
GASCOOK .3531 -.0150
(.926) (-.051)
MEDHAT .2173 T
(.124)
MED -.0192
(-.047)
OUTHAT 7916
(2.758)
OUTHRS T .1072
(2.386)
RECHAT -7.0861
(-2.383)
RECTRIP -.1603
(-.553)
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Tabl e 7.14, continued

Single

Simultaneous
Equation Estimates

Explanatory

Variable Equation Estimates
S02 .8467 L1479
(2.362) (.605)
0z0 -.0763 0177
(-2.080) (.946)
is a transformation, T(p), of the dependent

‘The dependent variable in the regression

T(p) = 5 + 0.5[&n(p/(1-p))]. To obtain estimates of the true

variable p in the model:
multiply slope coefficients by 2; subtract 5 from

parameters of the logistic regression,
the intercept and multiply by 2.

b

t-statistics in parentheses.

‘Variable excluded due to convergence problems.

202



TABLE 7.15. CHEST TIGHT PRODUCTION FUNCTION: | MPAI RED SUBSAMPLE" °

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates

FLEMCO .9914 1.0599
(3.704) (4.158)
SHRTWHZ L7716 .8186
(2.872) (3.006)
HAYFEV .5492 6119
(2.433) (2.717)
RESPINF .9144 .9758
(2.292) (2.502)
POOR .5066 L4597
(.863) (.796)
EDCRADE -.1174 -.1317
(-1.810) (-1.966)
ACE .0410 .0380
(2.577) (2.505)
SEX -1.3356 -1.0920
(-1.559) (-1.353)
MARRIED 1.1723 1.0260
(1.278) (1.153)
CLEN1 -.1131 .1456
(-.393) (.393)
CLEN2 .2280 .5318
(.774) (1.391)
GLEN3 -.9759 -. 7706
(-2.212) (-1.558)
GLEN4 .0006 .2139
(.002) (.520)
BURBO -.6876 -.5038
(-1.290) (-.965)
BURB1 -.8360 -.5420
(-1.575) (-.960)
BURB2 -1.1392 - 7237
(-1.850) (-1.142)
WRKESCV .2654 .2453
(.980) (.940)
EXPWRK -.9075 -.8915
(-3.062) (-3.110)
ACWRK .2133 .0376
(.561) (.115)
ACCAR -.4626 -.3712
(-1.609) (-1.441)
ACHOME -.4134 -.4103
(-1.382) (-1.435)
APHOME -.1550 -.3061
(-.381) (-.823)
CASCOOK 1.4123 1.3821
(3.110) (3.179)

MEDHAT .5231 L

(.357)

MED .5402
(1.244)

OUTHAT L1743 T

(1.209)

OUTHRS T 0390
(.853)

(continued)
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Table 7.15. continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates

RECHAT -.6244
(-.657)

RECTRIP T -.3331

(-.827)

S02 1641 .0869

(.614) (.327)

0z0 -.0485 -.0168

(-1.436) (-.745)

‘The dependent variable in the regression is a transformation, T(p)S of the dependent

variable p in the model: T(p) = 5 +0.5[&n(p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

t-statistics in parentheses.
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TABLE 7. 16.

COUGH PRODUCTI ON FUNCTI ON: - WHOLE SAMPLE™®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates

ASTHMA .2358 .1951
(1.634) (1.420)
BRONCH 1.1135 .9459
(6.224) (6.186)
OTHDIS .6214 .6770
(4.350) (4.924)
FLEMCO .1382 .1872
(1.105) (1.658)
SHRTWHZ .0232 .0133
(.157) (.094)
HAYFEvV .4045 .4686
(3.472) (4.439)
RESPINF .5594 .4965
(2.701) (2.423)
POOR .7049 .9692
(2.149) (3.369)
EDGRADE .0556 .0532
(2.814) (2.681)
AGE -.0108 -.0119
(-1.613) (-1.761)
SEX -.5190 -.3445
(-2.283) (-1.865)
MARRIED -.3983 -.5163
(-2.307) (-3.257)
GLEN1 -.7815 -.7057
(-3.903) (-3.030)
GLEN2 -.1980 -.1372
(-1.167) (-.665)
GLEN3 -.1110 -.0373
(-.601) (-.171)
GLEN4 -.0525 .0161
(-.306) (.077)
BURBO -.5758 -.2642
(-2.341) (-1.192)
BURB1 -1.8587 -1.5983
(-4.349) (-3.718)
BURB2 -.3176 -.0192
(-1.400) (.083)
WRKESGV -.2329 -.1924
(-1.980) (-1.733)
EXPWRK .1338 .2303
(1.236) (2.267)
ACWRK .0223 .0065
(.166) (.050)
ACCAR -.2554 -.2407
(-2.335) (-2.269)
ACHOME .0077 .0475
(.061) (.379)
APHOME .3733 .3293
(2.444) (2.248)
GASCOOK .1355 .0099
(.787) (.066)

MEDHAT 2.9377

(2.422)

MED .3956
(2.188)

OUTHAT 1780 e

(1.793)
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Table 7.16, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
OUTHRS -.0152
(-.588)
RECHAT -.7409
(-.516)
RECTRIP .0070
(.050)
S02 .0699 -.0779
(.457) (-.581)
0z0 -.0599 -.0252
(-3.259) (-2.134)

‘The dependent variable in the regression is a transformation, T(p), of the dependent

variable p in the model: T(p) = 5 +0.5[&(p/(1-p))]1. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.17. COUGH PRODUCTI ON FUNCTI ON:  NORVAL SUBSAMPLE™®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO -.0928 L1429
(-.398) (.805)
SHRTWHZ .0210 -.2681
(.055) (-.791)
HAYFEV .8730 .7184
(4.572) (4.369)
POOR .4689 .8900
(.799) (2.094)
EDGRADE .0724 .0641
(2.674) (2.440)
AGE -.0271 -.0229
(-2.696) (-2.288)
SEX -.8313 -.4787
(-3.195) (-2.146)
MARRIED -.4920 -.4948
(-2.291) (-2.477)
GLENI -.6641 -.3555
(-2.315) (-1.084)
GLEN2 -.1033 .1805
(-.429) (.623)
CLEN3 -.0212 .3006
(-.083) (1.000)
GLEN4 -.1842 .1554
(-.725) (.521)
BURBO -.9080 .2489
(-2.104) (.841)
BURB1 -1.8178 -.6671
(-3.279) (-1.408)
BURB2 -.8527 .3338
-2.026) (1.004)
WRKESCV -.4249 -.4016
-2.516) -2.412)
EXPWRK .3670 .4396
(2.031) (2.975)
ACWRK .1786 L2477
(.781) (1.230)
ACCAR -.7611 -.6247
-4.343) -4.033)
ACHOME 1223 .0665
(.651) (.388)
APHOME -.0147 .3579
(-.052) (1.523)
CASCOOK 19899 .5636
(2.884) (2.030)
MEDHAT 3.5610
2.777)
MED .5992
(2.749)
OUTHAT .5493
2.460)
OUTHRS T .0039
(.104)
RECHAT 4.3276
(-2.470)
RECTRIP -.2407
(-1.159)

(continued)
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Table 7.17, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
S02 .4033 -.1406
(1.495) (-.761)
0z0 -.1144 -.0249
(-3.594) (-1.570)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 + 0.5[&n{p/(1-p)})]1. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in Parentheses.
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TABLE 7.18. COUGH PRODUCTI ON FUNCTION: | MPAI RED SUBSAMPLE® °®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO .4230 4438
(2.285) (2.516)
SHRTWHZ .4954 4752
(2.681) (2.583)
HAYFEV .2754 .2880
(1.673) (1.775)
RESPINF 1.2292 1.1899
(4.207) (4.147)
POOR - 1772 -.1541
(-.379) (-.329)
EDGRADE .0887 .0877
(2.234) (2.332)
AGE .0276 0211
(2.423) (1.999)
SEX -.4524 -.2784
(-.854) (-.561)
MARRIED -1.1782 -1.3969
(-2.564) (-3.287)
CLENI -.5881 -.6147
(-2.092) (-1.939)
GLEN2 .0990 .0456
(.428) (.167)
GLEN3 4163 .3289
(1.642) (1.188)
GLEN4 .6445 .5855
(2.716) (2.163)
BURBO .2437 L1765
(.807) (.586)
BURB1 T T
BURB2 .6416 .6243
(2.432) (2.205)
WRKESGV L1477 .1495
(.808) (.835)
EXPWRK -.4356 -.3245
(-1.953) (-1.598)
ACWRK -.4119 -.5350
(-1.871) (-2.639)
ACCAR -.2772 -.1807
(-1.313) (-.947)
ACHOME .8274 .8859
(2.726) (3.078)
APHOME .1249 .0179
(.611) (.089)
CASCOOK .0617 -.0248
(.245) (-.105)
MEDHAT .4315
(.377)
MED -.6596
(-1.517)
OUTHAT .1668
(1.593)
OUTHRS 0243
(.700)
RECHAT -.5161
(-.658)
RECTRIP .2360
(1.023)

(continued)
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Table 7.18, continued

Explanatory Simultaneous Single

Variable Equation Estimates Equation Estimates

S02 -.2802 -.3252
(-1.262) (-1.514)

0z0 -.0169 .0108
(-.672) (.640)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 + 0.5[&n(p/{1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.19.  THROAT | RRI TATI ON PRODUCTI ON FUNCTI ON:  WHOLE SAMPLE™’

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates

ASTHMA 11861 .2063
(1.245) (1.410)
BRONCH .1375 .1671
(.688) (.982)
OTHDIS 4148 .3583
(2.560) (2.296)
FLEMCO .1064 .0328
(.793) (.271)
SHRTWHZ .2340 .1349
(1.450) (.877)
HAYFEV .1452 .2705
(1.173) (2.334)
RESPINF .5583 .4978
(2.399) (2.177)
POOR .2628 .5366
(.729) (1.725)
EDCRADE .0342 .0359
(1.657) (1.730)
AGE -.0041 -.0044
(-.595) (-.640)
SEX -.0672 -.2038
(-.271) (-.972)
MARRIED -.2528 -.2196
(-1.347) (-1.256)
GLEN1 -.0047 -.2031
(-.024) (-.100)
GLEN2 .3676 .3645
(2.029) (1.665)
GLEN3 .2599 .2404
(1.242) (.995)
GLEN4 .3522 L3172
(1.788) (1.359)
BURBO .3778 .4400
(1.522) (1.983)
BURBI -.5398 -.5406
(-1.484) (-1.457)
BURB2 .1835 .2129
(.724) (.832)
WRKESGV -.1615 -.0764
(-1.348) (-.683)
EXPWRK .3875 4265
(3.434) (4.009)
ACWRK .0804 .0425
(.588) (.326)
ACCAR -.2618 -.3055
(-2.401) (-2.870)
ACHOME -.0423 .0057
(-.339) (.046)
APHOME .1255 L1210
(.737) (.737)
CASCOOK .0027 .0639
(.014) (.387)

MEDHAT 2.1174

(1.833)

MED .3135
(1.602)

OUTHAT .0885

(.843)

(continued)
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Table 7.19. continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
OUTHRS -.0239
(-.841)
RECHAT 2.4529 oo
(1.612)
RECTRIP T .2266
(-1.280)
S02 -.1635 -.1789
(-1.035) (-1.307)
0z0 -.0032 .0089
(-.177) (.794)

‘The dependent variable in the regression is a transformations T(p), of the dependent

variable p

in the model: T(p) = 5 + 0.5[&n(p/(1-p))1.

To obtain estimates of the true

parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics

in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.20.  THROAT |RRITATION PRODUCTION FUNCTI ON'  NORMAL SUBSANPLE® ®

Explanatory Simultaneous Single

Variable Equation Estimates Equation Estimates
FLEMCO -.1072 -.1904
(-.496) (-1.032)
SHRTWHZ .6489 .6097
(2.218) (2.307)
HAYFEV .5425 .5983
(2.857) (3.424)
RESPINF -.1763 -.1061
(-.289) (-.174)
POOR - 1172 .9206
(-.197) (2.073)
EDCRADE .0406 .0252
(1.526) (.971)
AGE -.0021 -.0085
(-.217) (-.917)
SEX .0239 .0030
(.079) (.011)
MARRIED .2863 .0313
(1.139) (.139)
GLEN1 .2474 .2306
(.974) (.761)
CLEN2 .4963 .5295
(1.994) (1.796)
GLEN3 .1641 .2483
(.564) (.748)
CLEN4 .1975 .2489
(.705) (.768)
BURBO .3730 L4407
(.931) (1.454)
BURB1 -.1899 -.2307
(-.415) (-.532)
BURB2 L2172 .1924
(.533) (.543)
WRKESGV -.1862 -.0754
(-1.242) (-.521)
EXPWRK .5850 .6257
(3.305) (4.277)
ACWRK .0407 .2752
(.206) (1.534)
ACCAR -.4688 -.5322
(-3.086) (-3.682)
ACHOME .0835 .0806
(.473) (.467)
APHOME 4155 .2195
(1.707) (.999)
CASCOOK .1498 .1286
(.551) (.559)
MEDHAT 2.8546 oo
(2.379)
MED oo .1988
(.784)
OUTHAT -.2270 S
(-1.079)
OUTHRS - -.0107
(-.289)
RECHAT 3334 oL
(.218)
RECTRIP o -.4734
(-1.863)
(continued)

213



Table 7.20, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
S02 -.1712 .0227
(-.651) (.129)
0z0 .0178 .0082
(.670) (.600)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 + 0.5[&n(p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.
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TABLE 7.21. THROAT | RRI TATI ON PRODUCTI ON FUNCTI ON: | MPAI RED SUBSAMPLE™®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO -.0942 .0305
(-.400) (.137)
SHRTWHZ .1653 .1073
(.768) (.497)
HAYFEV -.0649 -.0025
(-.319) (-.012)
RESPINF .8347 1977
(2.438) (2.372)
POOR .1743 .2648
(.337) (.513)
EDGRADE .0216 .0305
(.512) (.752)
ACE -.0032 -.0067
(-.262) (-.575)
SEX -.5324 -.0664
(-.867) (-.112)
MARRIED -1.1797 -1.6373
(-2.590) (-3.742)
GLENI -.1724 -.1694
(-.5086) (-.445)
CLEN2 4944 4612
(1.724) (1.400)
GLEN3 1.0094 .8821
(3.149) (2.588)
GLEN4 1.1669 1.0884
(3.875) (3.188)
BURBO .6387 .7686
(1.927) (2.253)
BURB1 T o
BURB2 4614 4453
(1.353) (1.199)
WRKESCV .2207 .2350
(1.068) (1.158)
EXPWRK .0544 .0816
(.223) (.3486)
ACWRK -.0841 -.2888
(-.331) (-1.231)
ACCAR -.5682 -.4003
(-2.266) (-1.761)
ACHOME 71617 .8450
(2.005) (2.187)
APHOME .0312 -.0920
(.119) (-.351)
CASCOOK .1152 .0814
(.513) (.284)
MEDHAT 1.8202 T
(1.467)
MED T L7262
(1.960)
OUTHAT .2185 T
(1.689)
OUTHRS T -.0442
(-.918)
RECHAT .2409 T
(.227)
RECTRIP T .2249
(.760)
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Table 7.21, continued

Explanatory Simultaneous Single

Variable Equation Estimates Equation Estimates

S02 -.8524 -.8271
(-3.306) (-3.363)

0z0 -.0059 .0394
(-.200) (1.960)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 + 0.5[&n{p/(1-p))]. To obtain estimates of the true

parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7. 22.

SINUS PAIN PRODUCTI ON FUNCTI ON: - WHOLE SAMPLE™®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates

ASTHMA .5153 .3566
(3.798) (2.766)
BRONCH 6722 .1986
(3.674) (1.283)
OTHDIS -.0331 .1349
(-.208) (.905)
FLEMCO -.0189 .2146
(-.156) (1.940)
SHRTWHZ .1155 .1145
(.815) (.840)
HAYFEV 4724 .4849
(4.104) (4.938)
RESPINF -.1028 - 1776
(-.391) (-.684)
POOR -.5278 .0380
(-1.181) (.093)
EDCRADE -.0118 -.0176
(-.627) (-.949)
AGE .0022 .0007
(.343) (.110)
SEX -.8491 -.2390
(-3.628) (-1.334)
MARRIED .2545 -.1696
(1.383) (-1.085)
GLEN1 .1844 .0722
(1.044) (.340)
GLEN2 .2102 .1083
(1.146) (.501)
GLEN3 .2591 .2266
(1.325) (1.007)
CLEN4 2141 .1669
(1.122) (.748)
BURBO -.4721 .0406
(-1.749) (.168)
BURB1 .1464 .4258
(.630) (1.762)
BURB2 -.2697 .1684
(-1.094) (.685)
WRKESGV .2161 .2293
(1.975) (2.338)
EXPWRK -.2431 -.0484
(-2.283) (-.497)
ACWRK .1034 .1905
(.783) (1.508)
ACCAR -.2828 -.2062
(-2.667) (-2.044)
ACHOME .0337 .0509
(.282) (.438)
APHOME .1591 .0083
(.955) (.052)
GASCOOK .1930 -.1322
(1.213) (-.971)

MEDHAT 4.5770

(4.092)

MED -.1900
(-.792)

OUTHAT .2029

(2.118)
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Table 7.22, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
OUTHRS -.0166
(-.570)
RECHAT -5.4859
(-3.470)
RECTRIP -.3763
(-2.039)
S0O2 .2924 .0568
(1.848) (.417)
0z0 -.0569 -.0033
(-3.243) (-.316)

‘The dependent variable in the regression is a transformation, T(p), of the dependent

variable p in the model: T(p) = 5 + 0.5[&{p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.23. SINUS PAIN PRODUCTION FUNCTION:  NORVAL SUBSAMPLE™®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO .3309 .3286
(1.634) (1.797)
SHRTWHZ -.2854 -.2926
(-.802) (-.882)
HAYFEV .5906 6229
(3.666) (4.203)
RESPINF .-
POOR -.0387 .0888
(-.058) (.156)
EDCRADE .0051 .0052
(.227) (.232)
ACE .0262 .0261
(2.748) (2.813)
SEX -.4181 -.4346
(-1.735) (-1.938)
MARRIED -.1543 -.1855
(-.799) (-.994)
GLEN1 .2809 .4898
(1.151) (1.610)
CLEN2 .3266 5460
(1.289) (1.761)
GLEN3 14029 6527
(1.521) (2.029)
GLEN4 1613 .4055
(.577) (1.213)
BURBO .0594 0711
(.147) (.213)
BURB1 L4847 6777
(1.387) (1.944)
BURB2 .3094 5637
(.844) (1.623)
WRKESGV .3312 .3468
(2.382) (2.533)
EXPWRK -.1789 -.1510
(-1.102) (-1.079)
ACWRK 0.475 .0741
(.260) (.432)
ACCAR -.3955 -.4170
(-2.686) (-2.965)
ACHOME .0792 .0797
(.442) (.458)
APHOME -.3093 -.3638
(-1.021) (-1.274)
CASCOOK -.1966 -.1894
(-.901) (-1.028)
MEDHAT .4946
(.418)
MED T L1728
(.653)
OUTHAT -.0117
(-.066)
OUTHRS T .0542
(1.415)
RECHAT -.0392 A
(-.028)
RECTRIP T -.3997
(-1.596)

(continued)
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Table 7.23, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
S02 .1927 .2107
(.780) (1.169)
0z0 .0021 .0043
(.088) (.320)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 + 0.5[&n(p/(1-p))]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.
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TABLE 7.24. SINUS PAIN PRODUCTI ON FUNCTI ON: | MPAI RED SUBSAMPLE™"

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO .4496 .5644
(2.595) (3.315)
SHRTWHZ .0262 .0980
(.138) (.542)
HAYFEV .5018 .5309
(2.902) (3.143)
RESPINF .2084 .2004
(.670) (.645)
POOR -.5848 -.4564
(-.903) (-.712)
EDGRADE -.0566 -.0663
(-1.485) (-1.817)
AGE -.0197 -.0309
(-1.752) (-2.818)
SEX -.2757 .3627
(-.517) (.769)
MARRIED .6849 .2018
(1.434) (.481)
CLEN1 .0612 -.3716
(.226) (-1.206)
GLEN2 -.0804 -.4576
(-.279) (-1.409)
CLEN3 .2298 -.1826
(.746) (-.541)
GLEN4 4355 -.0251
(1.5186) (-.079)
BURBO -.1641 -.1386
(-.412) (-.347)
BURB1 .4529 .1955
(1.291) (.525)
BURB2 -.0526 -.2227
(-.146) (-.589)
WRKESGV .2611 .1558
(1.448) (.899)
EXPWRK -.1609 -.0718
(-.843) (-.401)
ACWRK .5024 L3714
(2.117) (1.750)
ACCAR -.0923 -.0521
(-.459) (-.285)
ACHOME -.4550 -.4618
(-2.103) (-2.246)
APHOME .2607 L1219
(1.024) (.486)
GASCOOK .0984 -.0592
(.351) (-.237)
MEDHAT -.9316
(-.653) .
MED .-
OUTHAT .2030
(1.800)
OUTHRS -.0982
(-2.032)
RECHAT -1.9138
(-2.122)
RECTRIP -.2999
(-.995)
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Table 7.24, continued

Explanatory Simultaneous Single

Variable Equation Estimates Equation Estimates

S02 -.1460 -.2273
(-.634) (-.994)

0z0 -.0493 -.0138
(-1.797) (-.743)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 + 0.5[%n(p/(1-p))}. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.25. HEADACHE PRODUCTION FUNCTION:  \WHOLE SAMPLE"®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
ASTHMA .0402 .0452
(.322) (.371)
BRONCH .1158 .1789
(.709) (1.261)
OTHDIS .2569 .2073
(1.940) (1.653)
FLEMCO .2408 .2138
(2.273) (2.245)
SHRTWHZ .1955 .1689
(1.498) (1.385)
HAYFEV .3000 .2918
(2.999) (3.218)
RESPINF .2913 .3148
(1.404) (1.520)
POOR -.4374 -.4580
(-.978) (-1.083)
EDCRADE -.0061 -.0063
(-.371) (-.385)
AGE .0089 .0079
(1.539) (1.403)
SEX -.2142 -.3394
(-1.090) (-2.069)
MARRIED -.2261 -.1560
(-1.421) (-1.088)
GLENI -.0673 -.1408
(-.478) (-.823)
GLEN2 .0440 -.0212
(.310) (-.124)
GLEN3 -.0642 -.1187
(-.400) (-.637)
GLEN4 -.0719 -.1308
(-.451) (-.703)
BURBO .1639 -.0347
(.810) (-.192)
BURB1 L1224 -.1012
(.601) (-.484)
BURB2 -.0481 -.2848
(-.226) (-1.336)
WRKESGV -.0566 -.0369
(-.601) (-.426)
EXPWRK .2879 2211
(3.195) (2.660)
ACWRK .2138 .2346
(1.902) (2.171)
ACCAR -.0990 -.1132
(-1.096) (-1.282)
ACHOME .0347 .0146
(.337) (.143)
APHOME .2066 .1995
(1.588) (1.606)
CASCOOK -.1336 -.1074
(-1.018) (-.906)
MEDHAT -1.0000 i
(-.939)
MED -.2327
(-1.181)
OUTHAT -.1926
(-2.077)

(continued)
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Tabl e 7.25, continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
OUTHRS -.0049
(-.230)
RECHAT 6273 T
(.497)
RECTRIP -.0567
(-.431)
S02 -.0522 .0988
(-.394) (.886)
0z0 .0243 -.0032
(1.163) (-.354)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 +0.5[&n(p/(1-p}}]. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.
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TABLE 7.26. HEADACHE PRODUCTI ON FUNCTI ON:  NORVAL SUBSAMPLE™®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO .3635 .2568
(2.343) (1.914)
SHRTWHZ .0550 .1498
(.222) (.671)
HAYFEV .3091 .3767
(2.281) (3.012)
RESPINF T T
POOR -.1558 -.0939
(-.243) (-.168)
EDGRADE -.0139 -.0161
(-.688) (-.821)
AGE .0141 .0103
(1.856) (1.433)
SEX -.2983 -.4346
(-1.386) (-2.147)
MARRIED -.0388 -.0609
(-.209) (-.342)
GLEN1 .0518 .0986
(.271) (.423)
GLEN2 .2309 .2891
(1.224) (1.259)
GLEN3 .2486 .3186
(1.205) (1.304)
GLEN4 .2083 .2542
(1.017) 1.044)
BURBO .5044 .2216
(1.684) (.914)
BURBL .1982 0181
(.639) (.060)
BURB2 .2228 -.0073
(.690) -.024)
WRKESGV -.0391 -.0049
(-.336) (-.043)
EXPWRK .2718 .2658
(2.072) (2.432)
ACWRK .4552 .4510
(2.766) (2.919)
ACCAR -.1631 -.2104
(-1.394) (-1.868)
ACHOME .1785 .1845
(1.166) (1.234)
APHOME .4854 .3836
(2.866) (2.454)
CASCOOK -.2505 -.1494
(-1.365) (-.949)
MEDHAT -.5632
(-.547)
MED -.2016
(-.817)
OUTHAT -.1751
(-1.144)
OUTHRS 0240
(.849)
RECHAT 1.8171
(1.578)
RECTRIP -.0548
(-.336)

(continued)
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Table 7.26. continued

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
S02 -.1383 .0350
(-.688) (.244)
0z0 .0269 .0043
(1.344) (.386)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 + 0.5[n(p/(1-p))]. To obtain estimates of the true

parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.

‘Variable excluded due to convergence problems.
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TABLE 7.27. HEADACHE PRODUCTI ON FUNCTI ON: | MPAI RED SUBSAMPLE™®

Explanatory Simultaneous Single
Variable Equation Estimates Equation Estimates
FLEMCO 4493 .3507
(2.655) (2.214)
SHRTWHZ .2803 .2984
(1.547) (1.704)
HAYFEV .2581 .2069
(1.558) (1.299)
RESPINF .8480 .8469
(3.204) (3.176)
POOR -1.2991 -1.2924
(-2.098) (-2.094)
EDGRADE .0261 .0272
(.793) (.848)
AGE .0047 .0064
(.496) (.690)
SEX .6975 .3316
(1.550) (.812)
MARRIED -.8290 -.5704
(-2.130) (-1.645)
GLEN1 -.2263 -.5861
(-1.015) (-2.119)
GLEN2 -.2550 -.6088
(-1.087) (-2.119)
GLEN3 -.7049 -.9402
(-2.456) (-2.872)
GLEN4 -.4745 -. 7412
(-1.725) (-2.339)
BURBO .0367 -.2258
(-.120) (-.747)
BURB1 .2119 -.2744
(.697) (-.826)
BURB2 -.1039 -.5665
(-.344) (-1.720)
WRKESCV -.2665 -.2248
(-1.555) (-1.356)
EXPWRK .0310 .0849
(.178) (.515)
ACWRK -.2293 -.0949
(-1.191) (-.548)
ACCAR .0696 -.0843
(.361) (-.485)
ACHOME -.2894 -.2719
(-1.428) (-1.435)
APHOME -.2799 -.2165
(-1.221) (-1.002)
GASCOOK -.0758 -.0482
(-.331) (-.217)
MEDHAT -.4642
(-.406)
MED -.2386
(-.633)
OUTHAT -.2675
(-2.444)
OUTHRS -.0657
(-1.844)
RECHAT -.6986
(-1.053)
RECTRIP -.0557
(-.222)
(continued)
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Table 7.27, continued

Explanatory Simultaneous Single

Variable Equation Estimates Equation Estimates

S02 .1693 L1715
(.834) (.858)

0z0 .0259 -.0181
(1.033) (-1.098)

‘The dependent variable in the regression is a transformation, T(p), of the dependent
variable p in the model: T(p) = 5 + 0.5[&(p/(1-p)}}. To obtain estimates of the true
parameters of the logistic regression, multiply slope coefficients by 2; subtract 5 from
the intercept and multiply by 2.

b

t-statistics in parentheses.
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TABLE 7.28. AVERTING BEHAVI OR AND WIP:  NORMAL SUBSAMPLE S| MULTANEQUS
EQUATI ON ESTI MATES
Change in Expected WTP per
Averting Probability Symptom-Days Symptom-Day
Symptom Good of Symptom Avoided Avoided®
Could Not
Breathe Deep ---b ---b ---b ---b
Pain on Deep
Inhalation GASCOOK* .0079 2.88 $29.12
Out of Breath
Easily ---b ---b ---b ---b
Wheezing/ b
Whistling Breath -..b -..b ..b
Chest Tight ACCAR*** 0116 4.25 $35.76
Cough ACCAR*** .0287 10.47 $14.18
GASCOOK*** .0866 31.63 $2.66
Throat
Irritation ACCAR*** .0291 10.63 $14.30
Sinus Pain ACCAR*** .0300 10.94 $13.89
Headache ACCAR* .0211 7.69 $19.77

‘WTP estimate

includes direct utility effects for

impure averting goods.

No coefficients of averting goods were correctly signed and statistically significant at

10 percent using a one-tail

*

Denotes significance at .01

* *

Denotes significance at .05

* k *

Denotes significance at .10

test.

(one-tail).
(one-tail).

(one-tail).
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TABLE 7.29. AVERTING BEHAVICR AND WIP: | MPAI RED SUBSAMPLE
SI MULTANEQUS EQUATI ON ESTI MATES

Change in Expected WTP per
Averting Probability Symptom-Days Symptom-Day
Symptom Good of Symptom Avoided Avoided*
Could Not
Breathe Deep CASCOOK** .0908 33.14 $2.53
Pain on Deep
Inhalation ACCAR* .0258 9.41 $16.15
Out of Breath
Easily CASCOOK*** .0954 34.82 $2.41
Wheezing/ GASCOOK** .0781 28.51 $2.94
Whistling Breath ACHOME*** 0677 24.70 $16.80
Chest Tight ACHOME* 0476 17.38 $23.87
ACCAR* .0709 25.88 $5.87
GASCOOK*** .2376 86.71 $0.97
Cough ACCAR* .0536 19.56 $7.77
Throat
Irritation ACCAR** .0685 24.99 $6.08
Sinus Pain ACHOME** .0505 18.45 $22.49
Headache ACHOME* .0629 22.96 $18.07
APHOME* .0634 23.41 $5.21

‘WTP estimate includes direct utility effects for impure averting goods.
*

Denotes significance at .01 (one-tail).
* %

Denotes significance at .05 (one-tail).
*k*

Denotes significance at .10 (one-tail).
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TABLE 7. 30.

AVERTI NG BEHAVI OR AND WIP:

EQUATI ON ESTI MATES

WHOLE SAMPLE S| MULTANEQUS

Change in Expected WTP per
Averting Probability Symptom-Days Symptom-Days

Symptom Good of Symptom Avoided Avoided®
Could Not
Breathe Deep b --b b --b
Pain on Deep
Inhalation b b -b b
Out of Breath
Easily APHOME*** .0151 5.51 $22.15
Wheezing/ ACHOME* 0114 4.16 $100.00
Whistling Breath GASCOOK* .0207 7.57 $11.09
Chest Tight GASCOOK** .0209 7.64 $11.00
Cough ACCAR*** .0211 7.71 $19.71
Throat Irritation ACCAR*** .0238 8.67 $17.53
Sinus Pain ACCAR*** .0311 11.35 $13.39
Headache -b --.b ..b _..b

‘WTP estimate includes direct utility effects for

impure averting goods.

b
No coefficients of averting goods were correctly signed and statistically

significant at the 10 percent level using a one-tail

*Denotes significance at .01 (one-tail).

* %

Denotes significance at .05 (one-tail).

* k%

Denotes significance at .10 (one-tail).
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TABLE 7.31.  AVERTI NG BEHAVI OR AND CONTI NGENT VALUATI ON
ESTI MATES OF WIP PER SYMPTOM DAY AVO DED

Whole Sample Normal Subsample Impaired Subsample

Symptom ABM CVM ABM CVM ABM CWM
Could Not b b
Breath Deep $329 $32 $3 $271
Pain on Deep b
Inhalation 0T 109 $29 42 16 194
Out of Breath b
Easily 22 323 o 256 2 374
Wheezing/ b
Whistling Breath 11 to 100 252 T 12 3 to 17 334
Chest Tight 11 200 36 204 1 to 24 198
Cough 20 175 3 to 14 140 8 205
Throat
Irritation 28 122 14 46 6 213
Sinus Pain 18 168 14 97 22 239
Headache ---b 138 20 126 6 to 18 154

‘Estimates rounded to the nearest dollar.

°No WTP calculation could be made.
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TABLE 7.32. EFFECT OF TRIMM NG CVWM BI DS

Nor mal [ npai red
Fi ve Percent Fi ve Percent

Synpt om Raw Mean Trimmed Mean Raw Mean Trimmed Mean
Coul d not
Breath Deep 32 5 271 161
Pain on Deep
[ nhal ation 42 1 194 78
Qut of Breath
Easily 256 213 374 326
Wheezi ng/
Wi stling Breath 12 ---4 334 283
Chest Ti ght 204 2 198 130
Cough 140 30 205 160
Thr oat
[rritation 45 5 213 104
Sinus Pain 97 23 239 188
Headache 126 90 154 105

‘No cal cul ation possi bl e because of insufficient nunber of observations.
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R I.D #:

APPENDI X A

BACKGROUND QUESTI ONNAI RE

RESPONDENTS  NAME
RESPONDENTS PHONE #:

RESPONDENTS  ADDRESS

| NTERVI EVER:

CONFI DENTI AL

[

area code

/

cityl zip code

DATE DAY

TI ME RESULT COWENTS

1

10.

11.

12.

PM

AM
PM

AM
PM

AM
PM

AM
PM

AM
PM

AM
PM

AM
PM

AM
PM

AM
PM

AM
PM

AM
PM
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Good norning (afternoon, evening). I'm(...) fromthe -
W' re conducting a survey for the , Which deals with

(i) how air pollution might affect you

(ii) how you mght change your daily activities to avoid exposure
on bad days.

You may recall that your household received a (letter/phone call) about
this very inmportant study. Please be assured that all information provided
is confidential and your name will not be identified with the study.
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First, | would like to ask you some questions about your health.

1. In general, would you say that your health is:
Excel | ent .1
Good . .2
Fair, or . .3
Poor ? . 4
2. Have you ever been told by a doctor that you had asthma?
YS. ... ASKA. . .. 1
NO. . . SKIPTO @ . 2
A How old were you when you were first told that you had asthnma?
RECORD ACE
B. Have you taken medication for it during the past year?
YES . 1
NO . 2
C. Wen was your last asthma attack?
RECORD /
MONTH YEAR
| F LAST ATTACK WTH THE PAST 2 YEARS . . . . . . . ASK D
|F LAST ATTACK 3 YEARS ORMORE . . . . . . . SKIPTO @B
D. Do you know what brings on your attacks? PROBE
3. Have you ever been told by a doctor that you had chronic bronchitis?
YES. . ASK A. . . . 1
NO. .. SKIP TO (4 . 2

A, How old were you when you were first told you had chronic
bronchitis?

RECORD AGE
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B. Have you taken nedication or done anything special for the
bronchitis during the past year?

YES .
NO .

N -

C. Wen was the last time you were sick with bronchitis?

RECORD: | |
YEARS ~ MONTHS WEEKS

Have you ever been told by a doctor that you had enphysema?

YES. . . ASKA. . ... .. .1
NO. .. SKIPTO®G . . . . . . 2

A How old were you when you were first told you had enphysema?

RECORD AGE

B. Have you taken any medicine or had treatment for the enphysema
during the past year?

YES .
NO .

N -

C. Wen was the last time it really bothered you?

RECORD: | |
YEARS MONTHS VEEKS

Have you ever been told by a doctor that you had any other respiratory
or lung disease?

YES. . . AsKA. . . . ... .1
NO. ... SKIPTO @ .

N

A What were you tol d? PROBE

B. How old were you when you were first told that you had other
respiratory or lung diseases?

RECORD AGE

C. Do you take nedication for it?

YES. . . . . . . .. ... .. 1
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Have you ever been told by a doctor that you had hay fever?

YES. . . ASKA. . . . 1
NO. . . . SKIP TO Q7 . 2
A How old were you when you were first told you had hay fever?
RECORD ACE:
B. Do you take any nedication for your hay fever?
YES. . . . . . . ... ... .1

In the past year, how many times have you visited a doctor or a health
care facility as a patient? Please include visits to eye doctors,
chiropractors, and psychiatrists. Do not include visits to the

denti st.

# OF VISITS

Was this a typical nunber of visits for you? How many visits to
doctors or health care facilities do you typically make in a year?

# OF VISITS

9. Do you have a regular doctor?

10.

11.

12.

13.

IF NO; SKIP TO Q13 YES. . . . . . . . o001
NO. . ... SKIPTOQ3 . . . . 2

When you go to your regular doctor, how long do you usually wait for
heal th care services?

# OF M NUTES

On average, how long does it take you to get to your regular doctor’s
office or clinic?

# OF M NUTES

About how much do you pay your regular doctor or health car provider
for an office visit. Include only your out-of-pocket expenses.

$
When was the last tine you saw a doctor for a specific health problem
such as an illness, accident or injury?

# OF MONTHS

NEVER . . SKIP TO Q4 . . 90
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A What was the problenf?

IF R SAW A DOCTOR, YESTERDAY CR DAY BEFORE YESTErDAY ASK:

(a) Were did you go? DOCTOR' S OFFI CE . 1
EMERGENCY . 1
HOSPI TAL . . . 2
CALLED DCCTOR . 3
(b) How much tine did it take to get this medical attention?
(c) What will be your out-of-pocket expense for this medical
attention?
$
14. During the last year, since ,1984, were you in the hospital as a
patient overnight or longer? Do not include maternity, accident or
injury.
YES. . . ASK A 1
NO. . . SKIP TO Q15. 2

A. How many tines, separated by at |east one day, were you adnitted to
a hospital to stay overnight or |onger, since 1984.  Again
do not include maternity, accident or injury. ——' ’

RECORD #:
B. wWhat was the matter? RECORD UP TO THREE MENTI ONS.

1.
2.
3.

Now sonme questions about your respiratory health.
15. Do you usually cough first thing in the norning in bad weather?

YES . . . . . . . . . . . 1
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16. Do you usually cough at other times during the day or night in bad

weat her ?
YES . 1
NO. . ., 2
17. Do you cough on nost days for as nuch as 3 months of the year?
YES. . . . . . . ... ... .1
|F COUGH IS REPORTED (QL15 - QL7) . . . . ASK Q18
IF NO COUGH IS REPORTED (Q15 - Q17) . . ASK Q19
18. Howlong have you had the cough -- about how many years?
# YEARS

19. Do you usually bring up phlegm sputum or mucous from your chest first
thing in the norning in bad weather?

YES. . . . . . . . .. ... .1

20. Do you usually bring up phlegm sputum or mucous from your chest at
other times during the day or night in bad weather?

YES. . . . . . . . ... .. .1

21. Do you bring up phlegm sputum or nucous from your chest on nost days
for as much as 3 months of the year?

YES . R |
IF “YES" TO ANY Q19 - Q@1 . . . . . ASK p2
IF "NO" TOALL Q19 - @1 . . . . .. SKIP TO
| NSTRUCTI ON BELOW @2
22. How |l ong have you raised phlegm sputum or nucous -- about how nany
years?
# YEARS
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23.

24

25.

26.

27.

COUGH OR PHLEGM ( MJCOUS) REPORTED Q15 - @1 . . ASK @3

I F
I F NEl THER REPORTED Q15 - Q21 . . . . . . . SKIP TO 24

Does nost of this coughing and/or phlegm come during one season of the
year?

YES. . . ASKA. . . .. ... .1
NO. . . SKIPTOQ4. . . . .. S 2

A When? CODE ALL MENTI ONS

SUMVER .
FALL . .
W NTER .
SPRING .
ALL YEAR

ab~wpNhE

In the past thr have you had a period of increased cough and

ee years,
phl egm Tasting for three weeks or nore?
YES. .. AKA..........1
NO. . . SKIPTOQ@5. . . . .. .2

A, Have you had nore than one such three-week period?

YES. . . . . . . . .. ... .1
NO. . . . o2

Does your breathing ever sound wheezing or whistling?

YES. . . ASKA. ... ... .1
NO. . . SKIPTO@6 . . . . . 2
A. On how many days has this happened during the past year?
RECORD DAYS
DON T KNOW. . . . . 98
Have you ever had attacks of shortness of breath with wheezing?
YES. . . . . . . .. ... . .1
NO. . . . . . ... ... 2

Are you troubl ed by shortness of breath when hurrying on | evel ground
or walking up a slight hill?

YES. . . ASKA. . . . . . ..
NO. .. SKIPTO@8 . . . . . 2

=
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A, Do you get short of breath wal king with other people of your own
age on |evel ground?

YES . 1
NO . 2
B. Do you have to stop for breath when walking at your own pace on
| evel ground?
YES . 1
NO . 2
28. Do you suddenly becone short of breath when taking it easy (not
exercising)?
YES. . .ASK A . . . .1
NO. . . SKIP TO @9 . 2
A, How many days did this happen during the past year?
RECORD DAYS
DONT KNOW. . . . . 98
29. During the past 3 years how much trouble have you had with illnesses
such as chest colds, bronchitis or pneunonia? Wuld you say:
ALOT. . . . ASK A. 1
SOME, OR. . . ASKA. . . . 2
VERY LITTLE? . SKIP TO @O0 . 3

A, During the past 3 years, how often were you unable to do your
usual activities because of illness such as chest colds
bronchitis or pneunonia?

RECORD DAYS

Now |'d like to ask you about the things you do regularly in your |eisure
tine.

30. A Wat were your regular leisure or non-work related activities in
the past nonth? list - (PROBE)

Or W

(If more than 5, use the five that the respondent does nost often)
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Activity #1

B. About how many hours per week (including transportation) did
?

you

C.  How nmany times a week did you

D. Wiere do you usually

(What area or community)

For “AT HOWE' code "1"

For “GLENDORA" or “EAST SAN GABRIEL VALLEY" code “2”

Al others |eave bl ank

E. Wiat is the usual tinme of day when you do this activity

Morning only .
Afternoon only .
Evening only .
Night only .

Mor ni ng and Afternoon .

F.  \What days of the week did you usually do this activity

Monday .
Tuesday . .
Wednesday .
Thur sday .
Friday .
Saturday .
Sunday

No particular da

G What does it usually cost to do this activity (including

transportation) per nonth?
each time?

H  How nuch of the time did you

GORWN PR

(I'nterviewer - for questions | thru J record the response for
in the appropriate colum then repeat the questions for “day before

yesterday".)

1 Afternoon and Evening . 6
2 Evening and N ght 7
3 Morning and Evening . 8
4 No particular time . 9
5
?
| yes - 2 no
lyes- 2no
1 yes - 2 no
1 yes - 2 no
.1 yes - 2 no
1 yes - 2 no
o
1 yes - 2 no
out doors?

Al ways

Most of the time
Hal f of the time
Some of the time
Never

“yest er day”



. How many hours did you Yesterday Day Before
Yest erday/ Day Before Yesterday? Yest er day

(Interviewer - if zero GO TO J)

What did it cost you to
Yesterday/ Day Before Yesterday?

ii. Ddyou put significantly less effort than planned or usua
into Yesterday/ Day Before Yesterday?

1yes - 2no | yes - 2no

iii. Ddyou change the planned or usual tine of day of
Yesterday/ Day Before Yesterday?

1yes - 2 no lyes - 2no

iv. Dd you change the planned or usual |ocation of
Yesterday/ Day Before Yesterday?

1 yes - 2 no 1yes - 2 no

J. How many hours had you planned to Yesterday Day Before
Yest er day
Activity #2
B. About how many hours per week (including transportation) did
you ?
c. How many times a week did you ?
D. Wiere do you usually ?

(What area or community)

For “AT HOVE" code “I”
For “GLENDORA" or “EAST SAN GABRI EL VALLEY" code “2”
Al others |eave bl ank

-0

E. Wiat is the usual time of day when you do this activity

Morning only .

Afternoon only .

Evening only .

Ni ght only . o
Mor ni ng and Afternoon .

Afternoon and Evening .
Evening and Ni ght
Morning and Evening .
No particular time .

aprpwWN -
O oo~No
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F.  \What days of the week did you usually do this activity ?

Monday . . . . . . | yes - 2
Tuesday . . . . . . | - 2,
Wednesday . . . . . 1lyes - 2 no
Thursday . . . . . 1 yes - 2 no
Friday . . . . . . | - 2,
Saturday . . . . . 1 yes - 2 no
Sunday . . . . . I - 2

No particular day . 1 yes - 2 no

G What does it usually cost to do this activity (including

transportation) per nonth ?
each time ?
H  How nuch of the tinme did you out door s?

1. Al ways
2 . Mbst of the time
3. Hal f of the time
4 . Sone of the time
5 . Never

(Interviewer - for questions | thru J record the response for “yesterday”
in the appropriate colum then repeat the questions for “day before

yest erday.)

I. How many hours did you Yest erday Day Before
yesterday/ day before yesterday? Yest er day
(Interviewer - if zero GO TO J)

What did it cost you to
Yesterday/ Day Before Yesterday?

ii. Didyou put significantl less effort than planned or usua
into Yesterday/ Day Before Yesterday?

1 yes - 2no 1 yes- 2 no

iii. Dd you change the planned or usual tine of day of
Yesterday/Day Before Yesterday?

1 yes - 2 no 1yes - 2 no

iv. Dd you change the planned or usual |ocation of
Yesterday/ Day Before Yesterday?

1 yes - 2no I yes 2 no
J. How many hours had you planned to Yest erday Day Before
Yest er day
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Activity #3

B. About how many hours per meekq(including transportation) did

you

C.  How many times a week did you

D. \Were do you usually

(What area or community)

For “AT HOVE: code “1"

For “GLENDORA’ or “EAST SAN GABRIEL VALLEY" code *2”

Al others |eave blank

E. Wiat is the usual time of day when you did this activity

Morning only .

Afternoon only .

Evening only .

Ni ght only . . .
Mor ni ng and Afternoon .

b~ whhhE

Afternoon and Evening .

Evening and N ght
Morning and Evening .
No particular time .

F. What days of the week did you usually do this activity

Monday .
Tuesday . .
Wednesday .
Thur sday .
Friday .
Sat urday .
Sunday .

No partlcdlér day :

©O© oo~NO»

| yes - 2 no
| yes - 2 no
1 yes - 2 no
1 yes - 2 no
| yes - 2 no
1 yes - 2 no
| yes - 2 no
1 yes - 2 no

G What does it usually cost to do this act|V|ty (including

transportation) per nonth

each tine

?

H  How nuch of the tine did you

GO WN R

out door s?

Al ways

Most of the tine
Hal f of the tine
Some of the time
Never

(I'nterviewer - for questions | thru J record the response for “yesterday”
in the appropriate colum then repeat the questions for “day before
yesterday”.)
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. How many hours did you
Yesterday/ Day Before Yesterday? Yesterday %iitl:’?gg;e

(Interviewer - if zero GO TO J)

31

32.

What did it cost you to

Yesterday/ Day Before Yesterday?

ii. Didyou put significantly less effort than planned or usual
into Yest erday/ Day Before Yesterday?

| yes - 2 no 1 yes - 2 no

iii. Did you change the planned or usual tine of day of
Yesterday/ Day Before Yesterday?

| yes - 2no 1 yes- 2no

iv. Did you change the planned or usual |ocation of
Yesterday/ Day Before Yesterday?

l1yes-2n0 1yes - 2no

J. How many hours had you planned to yesterday Day Before
Yest er day

Regar di ng yesterday and the day before, were there any other ngjor
changes in the activities you had pl anned?

(I'f Yes) What were they?

YES. . . . . . . . . .1

Are there any activities that you do regularly nost of the year but not
in the sumrer (June- Septenber)?

(I'f Yes) Wat?

YES. . . . . ... ... 01
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33.

Wiy not in sumer? Is it due to heat, humdity, snog or something
other than weather?

Heat . . . . . . | yes - 2 no
Humidity . . . . 1 yes - 2 no
Smog . . . . . . | yes - 2 no
OGher . . . . . 1lyes - 2no

A, How many hours do you spend outdoors on a typica

Wor kday hour s
Nonwor kday hour s

B. Did you spend the usual amunt of time outside?

Yesterday Yes . . . . . . 1
No. . ASKC. 2
Day Before Yes . . . . . . 1
No. . ASKC. 2
¢c. How many hours did you spend outdoors?
Yest er day hour s
Day Before hours
D. Did you stay in bed any nmore or less than usual yesterday?
Mre . . . . . . . .. .01
Less . . . . . . . . . .. 2
No . . ... ... .. .3
(a) How much nore (or less)?
(b) Why did you spend nmore (less) time in bed yesterday?
DAY BEFORE YESTERDAY? More . 1
Less . 2
No . 3
(a) How much nore (or less)?
(b) Why did you spend nore (less) time in bed day before
yest erday?
E. Dd you take any nore medication than usual ?
Yest er day? YES . 1
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Day Before Yesterday? YESS. . . . . . ... ... 1
NO. . . .2
F.  How many hours did you spend at work?
YESTERDAY HOURS
DAY BEFORE HOURS
FOR EACH DAY NOT WORKED, ASK G
G Did you make a recreation trip outside the area, such as to the
mountains, or to the beach or some other recreational area?
YES. . . ASKi and ii . . 1
NO. .. SKIPTO®@4 . . . 2
VWere did you go? Please name the comunity or area
ii. How many nights were you away from home? NI GHTS

Now | would like to ask you some questions about synptons you may have when
it’s snoggy.

34. Do you have any synptoms when it’'s snoggy?

YES. . . ASKA. . .. 1
NO. . . SKIPTO@5 . . . 2
DON'T KNOW. SKIP TO @B5 . 8
A Wat synptons do you have?
35. Were you at home yesterday? (Mre than 4 hours between 10-4)
1 yes - 2 no

A Now, using a scale of 1-10, 10 being the very best and 1 the
very worst, how would you rate the air quality outside your
hone yesterday?

RECORD #

36. Nowl’'d like to read you a list of synptoms other people sonetines
have. As | read each one, please tell me if you yesterday or the day
before yesterday. READ A-Z. CODE IN APPROPRI ATE COLUWN.
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DAY BEFORE
YESTERDAY YESTERDAY
YES | NO YES | NO

a. (Did/ Do) your eyes feel irritated? 1 2 1 2
b. (Did/ Do) you feel that you (could/do)

not see as well as usual? 1 2 1 2
c. (Were/Are) your eyes unusually sensitive

to bright light? 1 2 1 2
d.  (Was/lIs) your throat irritated? 1 2 1 2
e. (Was/ls) your voice husky or (did/do) you

| ose your voice? | 2 1 2
f. (Did/ Do) you have sinus pain or disconfort? 1 2 1 2
g. (Did/Do) you have a nosebleed? 1 ) 1 2
h. (Was/Is) your nose dry and painful ? | 2 1 2

(Was/1s) your nose runny? | 2 1 2
j. (Did/Do) you have pain when you

(took/take) a deep breath? | 2 1 2
k. (Did/Do) you feel that you (could/can)

not take a deep breath? | 2 1 2
|.  (Did/Do) you get out of breath easily? 1 2 1 2
m (Did/ Do) you have a cough? 1 2 1 2
n. (Did/Do) you bring up sputum (phlegm

from your chest? 1 2 1 2
0. (Did/ Do) you have a headache? | 2 1 2
p. (Did/Do) you get tired easily? 1 2 1 2
q. (Dd/Do) you feel faint or dizzy? | ) 1 2
r. (Did/Do) you feel spaced-out or

di soriented? 1 2 1 2
s. (Did/ Do) you feel nauseated (sick to

your stomach)? 1 g 1 2
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DAY BEFORE
YESTERDAY YESTERDAY
YES | NO YES | NO
t. (Did/Do) you have chills or fever?
Wi ch one ? 1 2 1 2
u.  (Did/Do) you have pain in your ears? | 2 | 2
v. (D d/Do) you have ringing in your ears? | 2 | 2
w.  (Did/Does) your breathing sound wheezing or
whi stling? 1 2 1 2
X. (D d/Does) your chest feel tight? | 2 | 2
y. (Did/Do) you feel that your heart was beating
very fast at time when you were resting? 1 2 | 2
z. (Did/Do) you have swollen glands? | 2 | 2
IF “YES” TO ANY SYMPTOM IN QB6 . ASK Q37
IF “NO" TO ALL SYMPTOMS IN Q6 . SKIP TO @7
37. A How nuch of the day did bot her you? (Code all nentions)
Letter of Synptom
Mor ning . . . . . . . . . YES tjpt eyt oqu
NO 2212121222 ]2
Afternoon . YES vttt fr iyttt
NO 2221221222 ]2
Evening . YES Pty pefrfrr]u
No 2 12 2 2 12 2 |2
Ni ght YES tprfryptrpefjeypt)rfrg!
NO 221212 12012121212
B. During the tinme you had woul d you say it was
constant or on-and-off?
Letter of Synptom
Const ant tfrfrprfrfrpryryr |a
On-and- O f 212121012 )121212121]2 |2
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C. In general how heavily were you exerting yourself when you first
noti ced ?

Letter of Synptom |
At rest e tyrypryprprprfrprla,e
Lightly exerting yourself . . . . . 20 2221212121 2]2]2
Moderately exerting yourself . . . 31 3131313333 ]3]3
Heavily exerting yourself, or . . . 4l 414141444414
Qher . . ... 50505155555 ]5]5
'SPECI FY
Don't Know . . . . . . . . . . . . 90 9191919 919191919

READ SENTENCE BELOW FI RST

D. How nuch would you pay?

RECORD LETTER

E.  Wiat do you think caused it?

Letter of Synptom
Weather . . . . . ., . . . . . .. 1Tty rpryrg!l
Smbg . . . . Lo 21 212121221212 2}2
Both . . . . . . . . . . . .. .. 31313131 3]3[3[3]3]3
Qher . . . . . L 41 41 4444 4141414

One way to find out how valuable better health is to you is to ask you how
much you are willing to pay for it. Suppose you could have avoided the
sympton(s) you have experienced by the payment of a sum of noney. Please

| ook at this card (HAND CARD Q6D).

Whi ch sum of noney nost closely represents the nmaxi num anount you
woul d have been willing to pay to have avoided ( ...) yesterday/day
before yesterday? |NSERT EACH SYMPTOM IN TURN FOR (...). When you
have decided, give ne the letter next to the anount.

Did you answer $0.00 because you feel avoiding the synptom has no value to
you?

YES . C e
N2

[N
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38.

39.

Did the air quality yesterday affect what you did?
DAY BEFORE
YESTERDAY YESTERDAY
A LOT A LITTLE NO A LOT A LITTLE NO
| 2 3 | 2 3
PROBE
As | nentioned at the beginning of the interview, we are interested in

how peopl e change their activities when pollution is bad. Wen the air
is snoggy, do you normally change your activities at all? For exanple
do you stay indoors nore, or use air conditioning nore? Do you trave
to less polluted areas, like the beach? Do you buy or use any
products, or do anything at all to try to avoid air pollution or the
synptons of air pollution?

A VWhat do you do differently?

The next questions | have today are about your home

40. How large is your house? (Number of bedroons)

41.

(apt.)
I's your home insul ated?
YES. .. ASKA. . .. 1
NO. .. SKIPTO®M2 . . . . .2
DON' T KNOW SKIP TO 42 . . . . . 8
A Is it insulated in:
The attic, or . . . . . . . . .1
the walls? . 2
BOTH . 3
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B. Do you know what material was used?
YES . ASKa. .. .1
NO . SKIP TO 42 . 2
a. What was it?
42. VWhat fuel do you use for cooking? CODE ALL MENTI ONS
GAS . . . .. 1
ELECTRICI TY . 2
BOTTLED GAS . 3
OTHER . . . 4
SPECI FY
43. WWat fuel do you use for heating your home?
GAS . . ... 1
ELECTRICI TY . 2
BOTTLED GAS . 3
SOLAR HEAT . 4
OTHER . . . 5
SPECI FY
44, |s your honme air conditioned?
YES . ASK A . . . . 1
NO. . . SKIP TO (45 . 2
A s it:
Central Air, or SKIP TO C . 1
Room by Room Air? . ASK B . 2
B. How many units do you have?
RECORD
c. Isit:
Refrigerated, or 1
Evaporative (swamp)? . 2
D. How nuch do you use your air conditioner during the sunmer?
Alnost all the time . 1
Usual ly . 2
Sonetines . 3
Al most never 4
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Does your air conditioning systeminclude sone type of specia
air purifyfng unit?

YES. . . ASKF. . .. 1

NO. . . SKIPTO Q45 . . . 2

DON' T KNOW. SKIP TO Q45 . 3
What type of special air purifying unit do you have? (CODE ALL
MENTI ONS)

El ectronic air purifier 1

H gh particulate filter 2

Charcoal filter 3

Somet hing el se . 4

'SPECI FY

Don"t Know . . . . . . . . . . . . .9
I's regular maintenance perfornmed on your purifying systen?

YESS. . . . . . o o000 .01

NO. . . . . .2
Did you obtain a tax deduction for the installation of your air
purifying systenf

YESS. . . . ASKa. .. . . .. .. .1

NO. . . . . . .2

a. Approximately, how nuch did this deduction reduce your taxes?

$

Can you operate your air purification system w thout running
your air conditioner or heater?

YESS. . . . AKa. . ... . ... .1
NO. . . o2

a. How often do you operate your purifying systemw thout the air
conditioner or heater?

RECORD
45. Do you have a portable air purifier?
YES. .. . AKa. .. ... ... .1
NO. ... SKIPTOQ46 . . . . . . .2
How often do you use it?
RECORD
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46. Do you have an ionizer or air energizing nachine?

YES. .. . AKa. .. ... ... ..1
NO . . . SKIP TO Q47 . . . .2
DO\ITKNON SKIPTOQ47. 8

a. How often do you use it?

RECORD

47. WWat kind of car do you usually drive?

MAKE

YEAR

A About how many mniles per gallon does this car get?

RECORD  npg

48. |s your car air conditioned?

YESS. . . . ASKA. ... ... ... .1
NO. . . . SKPTOQ48B . . . . . .. ... 2

A. How often do you use the air conditioning when driving in sumer?

ALMOST ALL THE TI ME .
USUALLY . . .
SOVETI MES . .

ALMOST NEVER .

PR

B. About how many niles do you drive your car during a typical week?

RECORD

The last set of questions is about you and your job.

49. WWat is your date of birth?

50. Are you currently:
MARRI ED . |
SEPARATED 2
DI VORCED 3
W DOWED, OR . . . 4
NEVER MARRI ED, (R . 5

6

[— SOMETH NG ELSE? .
—— SPECI FY
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51. What is the highest grade in school you conpleted and received credit
for? CODE ONE

00 01 02 03 04 05 06 07 08 09 10 11 12
COLLEGE/ OTHER POST HIGH SCHOOL SCHOOLING 13 14 15 16
POST GRADUATE SCHOOL 17 18 19 20 OR NORE

A~ Have you had any trade,technical or vocational training?

YES .
NO .

N =

B. ASK EVERYONE: what degrees or diplomas, if any, do you have?
CODE HI GHEST DEGREE

High School Degree (Equivalent) . . 0l
Junior College Degree (A.A.) . . . . 02
Bachelors Degree (B.A., B.S.) . . . 03
Masters Degree (M.A., M.S.) . . . . 04
Doctorate (Ph.D.) . . . . . . . . . 05
Professional (M.D, J.D., D.D.S.,) . 06
Nome . . . . . . . .. . ... ...90
Other . . . . . ... ... ....096
SPECIFY

52. What is your current enployment status, are you:
Working full-time .
Working part-time .

1
. e .2
Unenpl oyed and Iooklng for mork .. . . . 3
Unenpl oyed and not | ooking for work . 4

53. Qur next set of questions is about your job. If you have nore than
one job, we only need to know about your main job

A What kind of business or jndustry do you work in?

RECORD RESPONSE

CI RCLE CORRECT CATEGORY

AGRICULTURE OR FORESTRY . . . . . . . . . . . . . . . . . .. .. .1
MNNG. . . . e 2
CONST RLJC'TI O N C s 3
MANUFACTURI NG . . . )
WHOLESALE OR RETAIL 'TRADE <
TRANSPORTATI ON, COMMUNI CATIONS, OR PUBLIC UTILITIES. . . . . . . . . . .6

265



FI NANCE, | NSURANCE, OR REAL ESTATE . 7
SERVI CES . . 8
GOVERNMENT . .9
— OTHER . . 10
b— SPECI FY
B. What type of work do you do in your job?
RECORD RESPONSE
Cl RCLE CORRECT CATEGORY
SERVI CE WORKER (Food service workers, C eaning
service workers, Dental assist-
ants, Policemen) . . . . . . . 1
LABORER (Longshorenmen, Construction
wor kers, Loggers, Garbage
col l ectors) Coe 2
TRANSPORTATI ON  OPERATOR (Bus drivers, Taxicab drivers,
Truck drivers, Railroad swtch
operators) . . . . . . . . . . 3
EQUI PMENT OPERATOR (Textile workers, Drillers,
Phot ographi ¢ processors,
Smelters) . . . . . . . . .. . 4
CRAFT WORKER (Carpenters, Machinists, Bakers,
Tailors, Repairnmen,
Mechanics) . . . . . . . . . . 5
CLERI CAL WORKER (Cashiers, tellers, Secretaries,
Receptionists, Tel ephone
operators, Dispatchers) . . . . 6
SALES WORKER (Advertising agents, Real estate
agents, Sales clerks, Sales
representatives, Vendors) . . . 7

MANAGER OR ADM NI STRATCOR

PROFESSI ONAL OR TECHNI CAL

FARMAORKER
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(Bank officers, Purchasing agents,
Rest aurant nmanagers, School
admnistrators) . . . . . . . . 8

(Accountants, Engineers,
Physi ci ans, Teachers,
Entertainers) . . . . . . . . .9

(Farners, Farm laborers, Farm
Supervisors) . . . . . . . . . 10



c. Please nane the conmmunity where you place of work is |ocated

For “AT HOWE' code “I”

For “GLENDORA’ or “EAST SAN GABRI EL VALLEY" code “2”
Al others |eave blank

D. How many weeks per year do you actually work on your main job?
(O, if this is a new job, how many weeks of work per year does
your main job require?)

VEEKS
E.  How many hours do you work each day of the week?
Monday
Tuesday
Wednesday
Thur sday
Fri day
Sat ur day
Sunday
54. How do you usually go to and from work? Do you:
YES NO
Drive? . 1 2
Car pool ? . . 1 2
Vanpool? . . . . . . . 1 2
Mot orcycl e or Mped? . . 1 2
Public transportation? . 1 2
Val k? . CoL 1 2
Bicycle? . . . . . 1 2
Sonme ot her way? . 1 -
SPECI FY:
55. How I ong do you spend commuting each day? Wuld you say:

Less than 15 minutes . 1
16 to 30 minutes . 2
31 to 60 mnutes, or 3
over 60 mnutes? . 4

56. How many hours, on the average, do you spend outdoors during your
wor ki ng day?

RECORD HOURS
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57. Do you travel during the day as part of your work?

YES. . . ASKA. . .. 1
NO. . . SKIP TO &7 . 2
A, Wen you travel, do you use:
A car, e 1
Publtc transportation, or 2
Val k? . 3
Cher . . . 4
SPECI FY
B. How long do you usually spend traveling during a working day?
RECORD
58. Is your place of work air conditioned?
YES . 1
NO . 2
59. Are you exposed to anything at work which affects your breathing?
YES. . . ASKA. . .. 1
NO. . . SKIP TO Q60 . 2

A, \Wat are you exposed” to?
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60. How are paid?
——1 HOURLY WAGE
2 SALARY
[fS OTHER (i.e., Piece Wrk, Conmssions, Tips, etc.)

(I'F SALARY OR OTHER) Please look at this card (HAND CARD (B1FSAL)
and tell me the letter of the income category that includes your
annual gross (i.e., before deductions and taxes) income from your
mai n j ob.

RECORD LETTER

If you work nore hours than average during sone week, do you get paid
anything at all for those hours?

1 YES
2 NO

(IF YES) Which of the follow ng best describes how you get
paid for those overtime hours?

1 EQUI VALENT TO STRAI GAT TI ME HOURLY WAGE
2 EQUI VALENT TO TIME AND A HALF

3 EQUI VALENT TO DQUBLE TI ME

4 EQUI VALENT TO TRI PLE TI ME

Approxi mately, how many hours of overtine do you work
in an average week?

HOURS

SKIP TO Q61

| F HOURLY) please look at this card (HAND CARD O051FWAGE) and tell nme
the letter of the wage category that includes your hourly wage for
regular or “straight” time work.

RECORD LETTER

Do you ever have the opportunity to work overtine on your nain job?

| YES
2 NO

(IF YES) Wich of the fAlow ng nost closely describes your
hourly wage rate for those overtime hours?

1 STRAIGHT TIME

2 TIME AND A HALF
3 DOUBLE TI ME

4 TRIPLE TI ME

Approxi mately, how many hours of overtime do you work in an
average week?

HOURS
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DoZZIr X~ ITommOoOwm>

Less than $6, 000

$ 6,000
$ 7,000
$ 8,000
$ 9,000
$10, 000
$11, 000
$12, 000
$13, 000

$14, 000 -
$15, 000 -

$17, 500
$20, 000
$22, 500
$25, 000
$27, 500

6, 999
7,999
8, 999
9, 999
10, 999
11,999
12,999
13,999
14,999
17, 499
19, 999
22,499
24,999
27,499
29, 999

CARD (QB1FSAL
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$29, 999
$35, 000
$40, 000
$45, 000
$50, 000
$55, 000
$60, 000
$70, 000
$80, 000
$90, 000

34,999
39, 999
44,999
49,999
54,999
59, 999
69, 999
79, 999
89, 999
99, 999+



O VO ZIr X" ITOomMmMmMOoOmrE

Less than

-
w
o
S

PR AR DPRHDHRNAHRR
(o2}
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$ 9.50
$10.00 -
$10.50 -

$3.00
49
99
49
99
49
99
49
.99
.49
.99
.49
.99
.49
.99
10. 49
10. 99
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$11. 00 -
$11.50 -
$12. 00 -
$13.00 -
$14. 00 -
$15.00 -
$16. 00 -
$17.00 -
$18. 00 -
$19. 00 -
$20. 00 -
$21. 00 -
$22.00 or

11.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21
mo

49
99
99
99
99
99
99
99
99
99
99
.99
re



Now, thinking about the nmenmbers of this household, how many people,

including yourself, received incone from any source such as wages
salary, social security, pensions, welfare, or alinmny during 1984?

RECORD # PERSONS

(HAND APPROPRI ATE | NCOVE CARD - USE CARD #52B-2)
Pl ease ook at this card and tell ne the letter of the income

group that includes the total income for your entire famly, in
this household, before taxes in 19847

CARD #l :

A 01 N . 14
B . . 02 0 . 15
C. 03 P . 16
D . 04 Q. 17
E. 05 R . . 18
F . 06 S . 19
G. 07 T . 20
H . 08 u. 21
. 09 V. 22
J . 10 W . 23
K. 11 X . 24
L . 12 Y . 25
M. 13 Z. 26

Hov many peopl e, including yourself, are supported with this
i ncome?

RECORD #
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$0. 00
$ .50
$1. 00
$1. 50
$2. 00
$2. 50
$3.00
$3.50
$4.00
$4. 50

v o Zz £

Py

c 4 o

$5. 00
$6. 00
$7.00
$8. 00
$9. 00
$10. 00
$11. 00
$12. 00
$13. 00
$14. 00

CC.

DD

EE.

$30. 00

$35. 00
$40. 00

273

FF.

HH.

JJ.

KK.

LL.

NN.
00.

$45.
$50.
$60.
$70.
$80.
$90.
$100.
$125.

$150.

00

00

00

00

00

00

00

00

00

$175. 00

PP.

RR.

SS.

TT.

Uu.

XX.

ZZ.

$200.
$250.
$300.
$350.
$400.
$450.
$500.
$1000.

Mor e
t han

$1000.

00

00

00

00

00

00

00

00

00



62. A As you recall, we nentioned that we're interested in people s
health over time. W will be contacting you again in the next
month to ask you briefly about your health and your activities.
Is there a day or time that is especially good for ne to call?

Record Day
Record Tine
B. Can you tell me the name of soneone not living at this address
who woul d know how to reach in case you nove?
NAME
ADDRESS
PHONE #
C Is there an alternate phone nunber at which we could reach you?
( )
For Interviewer Only
COMVENTS:

Anyt hing unusual about respondents health or activities?

SEX. Male . . 1 Female . . 2
RACE: Caucasion . . 1 Black . . 2 Oiental . . 3 Hspanic . . 4
Cher . . 5
HOUSI NG TYPE: House . . 1 Apt . . 2 Condonminium . . 3 Oher . . 4
Specify
WTH N 2 BLOCKS OF MAJOR STREET: Yes . . 1 No . . 2
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APPENDI X B

FOLLOANUP  QUESTI ONNAI RE

I would l'ike to know about changes in your life since (. ..) when we
last talked. (I NSERTDATE OF INTERVIEW FOR (...).)
1. Do you still live at (...)? (INSERT FULL ADDRESS FOR (...).)
YES . 1 GO TO @
NO . 2 GCOTO A
A What is your new address?
/ /
# / STREET | APT. #
aTy
B. Wen did you nove? / /
DAY | MONTH  / YEAR
C How large is your house (apt.)? (number of bedrooms)
D. I's your home insul ated? YES. . . . ASKa. . . 1
NO. . .SKIP TOE . . .2
DON' T KNOW. SKIP TO E . 8
a. Is it insulated in The attic, or 1
the walls? . 2
BOTH . 3
b. Do you know what material was used?
YES. . . . ASK (i) . . . .1
NO. . . SKIPTOE. . . . 2
(i) What was it?
E. What fuel do you use for cooking? CCDE ALL MENTI ONS
GAS . . . .. 1
ELECTRICI TY . 2
BOTTLED GAS . 3
4

OTHER . . .
I:— SPECI FY
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What fuel do you use for heating your home?

GAS . . . . . 1
ELECTRICI TY . 2
BOTTLED GAS . 3
SOLAR HEAT . 4
—OTHER . . . 5
L SPECI FY
s your hone air conditioned? YES. . . . . ASK a . 1
NO. .. ...SKIPTO @ . .2
a. I's it: Central air, or . . . SKIP TOc . 1
room by roomair? . . ASK b . 2
b. How many units do you have? RECORD

C. I's it: Refrigerated, or . . . . . 1
Evaporative (swanp)? . . . 2
d. How nuch do you use your air conditioner during the summer?
Almost all the time . 1
Usually . . . . . ., 2
Sonetinmes . . . . , . 3
Al most never 4

e. Does your air conditioning systeminclude sone type of

special air purifying unit?

YESS. . . . . . AKf . ... ... .1
NO. . . . SKIPTOQ@ . . .2
DON' T KNOW. . SKIP TO @ . .3

f. What type of special air purifying unit do you have? ( CODE

ALL MENTI ONS)
El ectronic air purifier 1
H gh particulate filter 2
Charcoal filter . . 3
[lf?nething el se . 4

SPECI FY

Don't Know . 9
g. I's regular maintenance perfornmed on your purifying systenf
YES. . . . . . . . .1
NO. . . . . . . . .2
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h. Did you obtain a tax deduction for the installation of your
air purifying systenf
YES. . . . ASK (i) . . . .1

(i) Approximtely, how much did this deduction reduce your
t axes? $

Can you operate your air purification system w thout running
your air conditioner or heater?

YES. . . . ASK (i) . .. . 1
NO. . . . ... 2

(i) How often do you operate your purifying system w thout
the air conditioner or heater? RECORD

Since we tal ked | ast, have you either seen gr talked with a
doctor for any medical problenf

YES. ..  &@QTO(i) .. . 1
NO. . . . SKIPTOB. . . 2
(i) What was the problen?
(ii) Dd you see or talk with a doctor yesterday or the day
before yesterday?
YES NO
YESTERDAY. . . . . . . . 1 2
DAY BEFORE YESTERDAY . . 1 9
YESTERDAY YESTERDAY
Doctor's Office . | 1
Emer gency . 1 1
Hospital . . . 2 2
Cal | ed Doctor . 3 3

(iv) How nmuch tinme did it take to get this nedical attention?
Pl ease include time spent waiting to see the doctor and
time spent driving to his/her office.

M NUTES

(v) What is your out-of-pocket expense for this medical
attention?
$
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B. Did you take any nore medication than usua

YESTERDAY YESS. . . . . . .1
DAY BEFORE YESS. . . . . . .1

| F ASTHVA- BRONCHI TI S- EMPHYSEMA - LOW FEV - “ATHLETE'
NOTED . . . ASK APPROPRI ATE QUESTIONS IN 3

IFNONENOTED . . . . . . . . . . .. .. SKIPTOMX

At the time of the first interview you mentioned that you (have/are)
(ast hna/ bronchi ti s/ enphysema/lung condition/athletic). | would Iike
you to think about the last two days and tell me if:

A Your asthma was: Much better than usual, 1

Better than usual, 2

The sane as usual, . . . 3

Not as good as usual, or 4

Mich worse than usual ? . 5

a. Did you take: More nedi cation than usual, 1

Less nedication than usual, or L2

About the same amount of nedication? 3

NO MEDI CATI ON TAKEN . 4

b. Did you get in touch with the doctor or doctor’s office

about your asthma?

YES. . . . ASKaa . . . . . . 1

NO. . SKIP TO BOX BELONW aa . 2

aa. Did you: Talk on the phone, . . . . . . 1

Visit your doctor’s office, . 2

Visit the emergency room or 3

Go to the hospital ? . 4
IF OTHER CONDITIONS . . . CONTINUE WTH APPROPRI ATE QUESTI ONS
IFNOOTHERS . . . . . . . . . . . . . ... ... SKIPTO4
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B. Thi nki ng about the last two days was your chronic bronchitis:

Much better than usual,
Better than usual,
The same as usual ,

Not as good as usual, or
Much worse than usual ? .

abrwdNE

a. Did you cough or bring up:

More phl egm than usual, or
Less phlegm than usual ? .
SAME AS USUAL .

wnN -

b. Was you sputum (phlegm:

More discolored than usual, . . 1
Less discolored than usual, or 2
The same as usual? . . . . . . 3

. Did you get in touch with your doctor or doctor’s office
about your bronchitis?

YES. . . .ASKaa . . . . . .
No . . SKIP TO BOX BELOW aa .

N -

aa. Did you: Talk on the phone, . . . . .
Visit your doctor’s office,
Visit the emergency room or
Go to the hospital ? .

S oo ro —

‘ |F OTHER CONDITIONS . . . CONTINUE WTH APPROPRI ATE QUESTI ONS

‘IFNOOTHERS...................SKIPTOQ4

C Thinki ng about the last two days was your enphysema:

Mich better than usual,
Better than usual,

The same as usual,

Not as good as usual, or
Much worse than usual ? .

OB~ WO N —

a. During the last three days, when exerting yourself did you
feel:

More short of breath, or A |

Less short of breath? . . . . 2

NEl THER . 3
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b. Did you get in touch with your doctor or doctor’s office
about your enphysema?

YES. . . . ASK aa . S |
NO. . SKIP TO BOX BELOW aa . 2
aa. Did you: Talk on the phone, . . . . . 1
Visit your doctor’s office, .2
Visit the emergency room or .3
Go to the hospital ? . 4
IF OTHER CONDITIONS . . . CONTINUE WTH APPROPRI ATE QUESTI ONS
IFNOOHERS . . . . . . . . . . . .. ... ... SKIPTO4
C Thinking of the last two days were your |ungs:
More congested than usual, or A |
Less congested? . . . . . . . . . . 2
a. Did you get:
Qut of breath nmore easily than usual, or . . . 1
Less than usual? . . . . . . . . . . . . . . .2

Now, | would like to ask you about the things you do regularly in your
| ei sure tine.

4. A What were your regular leisure or non-work related activities in
the past nonth? LIST - PROBE

N

(IF MORE THAN 5 USE THE FIVE THAT THE RESPONDENT DOES MOST CFTEN)

Activity #1

B. About how many hours per week (including transportation) did you
?

C How many times a week did you ?

D. Where do you usually (area or comunity) ?

FOR “AT HOVE® CODE “1”
FOR “GLENDORA" COR EAST SAN GABRIEL VALLEY CCDE “2”
ALL OTHERS LEAVE BLANK
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E. What is the usual time of day when you did this activity?
Morning . I YES - 2 NO
Afternoon . 1 YES - 2 NO
Ni ght Il YES - 2 nO
No particular time . . 1 YES - 2 NO
F. What days of the week did you usually do this activity?
Mnday . . . | YES - 2 NO Friday . | YES - 2 NO
Tuesday . . .1 YES - 2 NO Saturday .. . . . .. 1 YES- 2 NO
Vednesday. . 1 YES - 2 NO “Sunday . . . . . . . | YES- 2 no
Thursday . . 1 YES - 2 NO No particular day . . 1 YES - 2 NO
G What does it usually cost to do this activity (including
transportation) per month? Each tine?
PER MONTH
$ EACH TI ME
H. How nuch of the time did you out door s?
Always . . . . . 1
Most of the ti . 2
Hal f of the time . 3
Sone of the tinme . 4
Never .o 5
(INTERVIEWER - FOR QUESTIONS | THROUGH J RECORD THE RESPONSE FOR

“YESTERDAY” | N THE APPRCOPRI ATE COLUW THEN REPEAT THE QUESTI ONS FOR “ DAY
BEFORE YESTERDAY. ")

How
yest

(I NTERVI EVER -

many hours did you

Day Before
Yest er day Yest er day

erday/day before yesterday?
| F ZERO GO TO J)

What did it cost you to

yesterday/ day before yesTerday?

Did you put significantly less effort
than planned or usual into
yesterday/day before yesterday?

Did you change the planned or usual
time of day of
yesterday/day before yesterday?

Did you change the planned or usual
| ocation of
yesterday/ day before yesterday?
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Day Before
Yesterday Yesterday

J. How many hours had you planned to
yest erday/ day before

yest erday?

Activity #2
B. About how many hours per week (including transportation) did you
?
C How nany times a week did you ?
D. Where do you usually (area or community) ?
FOR “AT HOVE" CCDE "1"
FOR “GLENDORA” OR EAST SAN GABRIEL VALLEY CODE "2"
ALL OTHERS LEAVE BLANK
E. What is the usual time of day when you did this activity?
Morning . . . . . . . 1YES- 2N
Afternoon . . . . . . 1 YES- 2 NO
Night . . . . . . . . . 1YES- 2N
No particular tine . . 1 YES- 2 NO
F. What days of the week did you usually do this activity?
Monday . . . 1 YES- 2 NO Friday . . . . . . . 1YES- 2N
Tuesday . . 1 YES - 2 NO Saturday . . . . . . 1 YES- 2 N0
Wednesday. . 1 YES - 2 NO Sunday . . . . . . . 1YES- 2N
Thursday . . 1 YES - 2 NO No particular day . . 1 YES - 2 NO
G What does it usually cost to do this activity (including
transportation) per nonth? Each tinme?
$ PER MONTH
$ EACH TI ME
H. How nmuch of the time did you out door s?
Always . . . . . 1
Most of the ti : 2
Hal f of the tine . 3
Some of the tine . 4
Never 5

(I'NTERVIEVER - FOR QUESTIONS | THROUGH J RECORD THE RESPONSE FCR

“YESTERDAY” | N THE APPROPRI ATE COLUMN THEN REPEAT THE QUESTI ONS FOR “ DAY
BEFORE YESTERDAY. ")
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How many hours did you

yesterday/ day before yesterday?

(I NTERVI EVER - |F ZERO GO TO J)

What did it cost you to

yesterday/day before yesterday?

ii. Did you put significantly less effort
than planned or usual into

yesterday/day before yesterday?

. Did you change the planned or usual
time of day of
yesterday/ day before yesterday?

iv. Did you change the planned or usual
| ocation of
yesterday/ day before yesterday?

J. How many hours had you planned to
yesterday/ day before

yest erday?

Activity #3

Day Before
Yest er day Yest er day

1 YES-2 NO'1 YES-2 NO

1 YES-2 NO1 YES-2 NO

1 YES-2 NO 1 YES-2 NO

Day Before
Yesterday Yesterday

B. About how many hours per week (including transportation) did yOL;

C How many times a week did you

?

D. Wiere do you usually (area or community)

?

FOR “AT HOVE' CODE “|”

FOR “GLENDORA" OR EAST SAN GABRIEL VALLEY CODE “27

ALL OTHERS LEAVE BLANK

E. Wiat is the usual time of day when you did this activity?

Morning . 1 YES - 2 NO
Afternoon . 1 YES - 2 NO
Ni ght .. . . . 1YES- 2N
No particular tine . . 1 YES - 2 NO
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F. What days of the week did you usually do this activity?

Monday . . . 1 YES - 2 NO Friday . . . . . . . 1YES- 2 NO
Tuesday . . . 1 YES - 2 NO Saturday . . . . . . 1 YES- 2 NO
Wednesday. . 1 YES - 2 NO Sunday . . . . . . . 1 YES- 2 NO
Thursday . . 1 YES - 2 NO No particular day . . 1 YES - 2 NO

G What does it usually cost to do this activity (including
transportation) per nonth? Each time?

$ PER MONTH
$ EACH TI ME
H. How nmuch of the tinme did you

Always . . . . . 1

Most of the ti . 2

Half of the time . 3

Sone of the time . 4

Never 5

(I NTERVIEVER - FOR QUESTIONS | THROUGH J RECORD THE RESPONSE FOR
“YESTERDAY” | N THE APPROPRI ATE COLUWN THEN REPEAT THE QUESTI ONS FOR “ DAY
BEFORE YESTERDAY. ")
Day Before
Yest er day Yest er day

How many hours did you
yest erday/ day before yesterday?

(I NTERVI EVER - |F ZERO GO TO J)

i What did it cost you to
yest erday/ day before yesterday?

ii. Did you put significantly less effort
than planned or usual into
yesterday/ day before yesterday? 1 YES-2 NO1 YES-2 NO

. Did you change the planned or usual
time of day of

yest erday/ day before yesterday? 1 YES-2 NO1 YES-2 NO
iv. Did you change the planned or usual
| ocation of
yest erday/day before yesterday? 1 YES-2 NO1 YES-2 NO
Day Before

Yesterday  Yesterday

J. How many hours had you planned to
yest erday/ day before

yest erday?
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5. Regardi ng yesterday and the day before were there any other major
changes in the activities you have planned?

YES. . . . .. ... ... 1
NO . . . . . . . . . 2
(I'F YES) What were they?
6. A. How many hours did you spend outdoors
YESTERDAY hour s
DAY BEFORE hour s
B. Did you stay in bed any nmore or less than usual yesterday?
DAY BEFORE
YESTERDAY YESTERDAY
MORE . . . | |
LESS . . . 2 2
NO . . . 3 3
a. How nmuch nore (or |ess)? Yest er day
Day Before
b. Why did you spend nore (less) time in bed yesterday or the
day before
C How many hours did you spend at work
YESTERDAY hour s
DAY BEFORE hour s

FOR EACH DAY NOT WORKED, ASK D

D. Did you make a recreational trip outside the area, such as to the
mountains or to the beach or some other recreational area?

YES. . . . ASKi andii . . . .1
NO. . . . SKIPTOQ7 . . . . . 2
Wiere did you go? Please nane the community or area
ii. How many nights were you away from home? NI GHTS

IF R WAS NOT AT WORK OR ON A RECREATIONAL TRI P YESTERDAY, ASK Q7
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Were you at home yesterday? 1 YES 2 NO
(Mre than 4 hours between 10-4)

Now, using a scale of 1-10, 10 being the very best and 1 the very

worst, how would you rate the air quality outside your home yesterday?

RECORD #
As you know, we are interested in how people change their activities

when pollution is bad. Wen the air is snoggy, do you or other
menbgraurof househol d change their activities in any way? For

exanple, do you or_other menbers of your househol d:

(i) Stay indoors nore

(ii) Use air conditioning nore
(iii) Travel to less polluted areas |ike the beach
(iv) Buy or use any products

(v) Do anything at all to avoid air pollution

What exactly do you do?

PROBE

Now I1'd like to read you a list of synptonms other people sonetines
have. As | read each one, please tell me if it bothered you yesterday
or the day before yesterday. READ a - z. CODE IN APPROPRI ATE COLUWN

DAY BEFORE
YESTERDAY YESTERDAY
YES | NO YES | NO
a. Did your eyes feel irritated? | 2 | 2
b. Did you feel that you could not see
as well as usual? | 2 | 2
c. Were your eyes unusually sensitive to
to bright light? | 2 | 2
d.  Was your throat irritated? | 2 | 2
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DAY BEFORE
YESTERDAY YESTERDAY

_ _ YES | NO YE
e. Was your voice husky or did you |ose S | NO
your voice? 1 2 1 2
f. Did you have sinus pain or disconfort? | 9 1 9
g. Did you have a nosebl eed? 1 9 ] 9
h. Was your nose dry and painful ? 1 9 { 9
WAs your nose runny? | 9 1 9
j. Did you have pain when you took a deep
breat h? | 9 1 9
k. Dd you feel that you could not take
a deep breath? 1 9 1 9
1. Did you get out of breath easily? | 9 1 9
m Did you have a cough? | 9 1 9
n. Did you bring up sputum (phlegm from
your chest? 1 9 1 9
0. Didyou have a headache? | 2 1 9
p. Didyou get tired easily? | 2 1 9
g. Didyou feel faint or dizzy? 1 2 | 9
r. Did you feel spaced-out or
di soriented? 1 9 1 9
s. Dd you feel nauseated (sick to your
st onach) ? 1 2 1 9
t. Did you have chills or’ fever? Wich
u.  Did you have pain in your ears? | 2 ] 9
v. Did you have ringing in your ears? | 9 1 9
w. Did breathing sound wheezing or
whi stling | 2 { 9
x. Did your chest feel tight? | 9 { 9
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10.

A

Did you feel that your heart was beating
very fast at tinmes when you were

resting?

Did you have swollen glands?

IF “YES'TO ANY SYMPTOM IN Q9 .
IF "NO'" TO ALL SYMPTOMS IN Q@ .

How nuch of the day did
(CODE ALL MENTI ONS)
LETTER OF SYMPTOM

Morning . . . . . . YES
NO
Afternoon . . . . . YES
NO
Evening . . . . . . YES
NO
Night . . . . . . . YES
NO

During the time you had

or off-and-on?
LETTER OF SYMPTOM

Constant . .
Of-and-On .

In general how heavily were you
?

noti ced

LETTER OF SYMPTOM

At rest . . . . .
Lightly exerting
yourself . . . . .
Moderately exertin
yourself . . . . . .
Heavily exerting your-
self, or .o
O her
Specify
Don"t know .
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DAY BEFORE
YESTERDAY YESTERDAY
YES | NO Y ES|NO
1 2 | 2
1 2 1 2
. . ASK QO
SKIP TO Q10
bot her you?
Lj1pryp1r|r 1) frfjr|1|1
21021222 212 (21212 |2
PR oy Lfrfofryref1lfr |1
22y 2|2)2(2|2(2 (2|22 |2
EYEE RN ER R CAENEN NN I
221272 2‘ 21212212212
1y1{1]1 1‘ L1 (1p11}1
212y 212 (2]21212 (221212
woul d you say it was constant
/A O A O A O O O
20 212) 2|2 21212 2 |2

LU I S

o
U

[V, o

U
£

£~
(9, I
o

[V, I =

[V, B~




$0.
$0.
$1.
$1.
$2.
$2.
$3.
$3.
$4.
$4.

00

50

00

50

00

50

00

50

00

50

$ 5.
$ 6.
$ 7.
$ 8.
$ 9.
$10.
$11.
$12.
$13.

$14.

00

00

BB.

DD.

EE.

CARD QLOD

$16.
$18.
$20.
$22.
$24.
$26.
$28.
$30.
$35.

$40.

00

00

00

00

00

00

00

00

00

00
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FF.

HH,

JJ.

KK.

LL.

NN.

00.

$ 45.
$ 50.
$ 60.
$ 70.
$ 80.
$ 90.
$100.
$125
$150.

$175

00

00

00

00

00

00

00

00

00

00

PP. $ 200.00
Q $ 250.00
RR $ 300.00
Ss. $ 350.00
TT. $ 400.00
W. $ 450.00
Vv. $ 500.00
XX.  $1000.00
YY. More

t han

$1000. 00



11.

12.

One way to find out how valuable better health is to you is to
ask you how much you are willing to pay for it. Suppose you
coul d have avoi ded the synpton(s) you have experienced by the
payment of a sum of nmoney. Please |ook at this card (HAND CARD
QOD).  Wich sum of nmoney nost closely represents the nmaxi num
anount you woul d have been willing to pay to have avoided (...)
yesterday/day before yesterday? |NSERT EACH SYMPTOM IN TURN FOR
(...). Wen you have decided, give ne the letter next to the

amount .
a. Did you answer $0.00 because you feel avoiding the synptom
has no value to you?
YES . 1
NO . 2
LETTER OF SYMPTOM
RECORD LETTER OF
AMOUNT
E What do you think caused it?
LETTER OF SYMPTOM | [ |
Weat her . T O A O A O O IO
Snmog . 202 2(2|2|2|2|2|2|2|2]|2]2
Both . . . . . . . . . 3130331313313 [313[3[3]3
Gher . . . ... ... latefsalatatalalalalalatalal
Did the air quality yesterday affect what you did?
YESTERDAY? DAY BEFORE YESTERDAY?
A LOT A LITTLE NO A LOT A LITTLE NO
1 2 3 1 2 3

PROBE

Since we last talked to you (in the last nonth)

main job in any way such as:

A Different conpany or organization
B. Different job in the same conpany
C. Different work in location

290

have you changed your

YESS. . . . . . .. . .1
NO. . . . ..o 2
YESS. . . . . . . .. .1
NO. . . . ... L2
YESS. . . . . . . .. .1
NO. . . . ... L2



IF YES TOEITHER B OR C, GO TOD. OTHERWSE, GO TO Q13
D. What kind of business or industry do you now work in?

RECORD RESPONSE

Cl RCLE CORRECT CATEGORY

Agriculture or Forestry . 1
M ning . oo 2
Construction . 3
Manufacturing . . . . . . . 4
Wol esal e or Retail Trade . Ce e 5
Transportation, Communications, or Public Wilities . 6
Fi nance, Insurance, or Real Estate . 7
Servi ces . 8
Gover nnent . .9
E‘Eher S .10
Speci fy
E. What type of work do you now do in your nmain job?
RECORD RESPONSE
Cl RCLE CORRECT CATEGORY
SERVI CE WORKER (Food service workers, Ceaning service
wor kers, Dental assistants,
Pol i cenmen) e |
LABORER (Longshoremen, Construction workers,
Loggers, Garbage collectors) . . . . 2
TRANSPORTATI ON OPERATOR (Bus drivers, Taxicab drivers, Truck
drivers, Railroad switch
operators) . . . . . . . . . . .. 3
EQUI PMENT OPERATOR (Textile workers, Driller, Photo-
graphi ¢ processors, Snelters) . . . 4
CRAFT WORKER (Carpenters, Machinists, Bakers,
Tailors, Repairnen, Mechanics) . . . 5
CLERI CAL WORKER (Cashiers, Tellers, Secretaries,
Receptionists, Telephone operators,
Di spatchers) . . . . . . . . . . 6
SALES WORKER (Advertising agents, Real estate
agents, Sales clerks, Sales represen-
tatives, Vendors) . . . . . . . . . 7
MANAGER OR ADM NI STRATION (Bank officers, Purchasing agents,
Rest aurant nmanagers, School
admnistrators) . . . . . . . . . . 8
PROFESSI ONAL OR TECHNI CAL (Accountants, Engineers, Physicians,
Teachers, Entertainers) . . . . . . 9
FARMAORKER (Farners, Farm laborers, Farm
Supervisors) . . . . . . . . . . . .10
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Pl ease nane the community where your place of work is |ocated

FOR “AT HOVE' CODE "1"
FOR “GLENDORA” OR EAST SAN GABRIEL VALLEY CCDE "12"
ALL OTHERS LEAVE BLANK

How many weeks per year do you actually work on your main job?
(O if this is a new job, how many weeks of work per year does

your main job require?)

VEEKS
How many hours do you work each day of the week?
Monday Fri day
Tuesday Sat ur day
Wednesday Sunday
Thur sday
How do you usually go to ang from work? Do you:
YES NO
Drive? . . . . . . . . ... |71 |—7
Car pool ? . . 1 2
Vanpool ? . . . . . . . 1 Vi
Mot orcycl e or Moped? . 1 b
Public Transportation? . 1 b
walk? . . . . . . | 2
Bicycle? . . . . . 1 2
Some ot her way? . 1 --
SPECI FY
How | ong do you spend commuting each day? Wuld you say:
Less than 15 m nutes,. 1
16 to 30 mi nutes, 2
31 to 60 mnutes, or 3
over 60 mnutes? . 4

How many hours, on the average, do you spend outdoors during your
wor ki ng day? E—
RECORD HOURS

Do you travel during the day as part of your work?

YES. . . . ASKa. . . .1
NO. . . SKIPTOM. . 2
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a. Wien you travel, do you use:

A car, e 1
Public transportation, or 2
VIl k? . 3
rQher . . 4

L= SPECI FY

b. How | ong do you usually spend traveling during a working
day?
RECORD
M I's your place of work air conditioned?

YES. . . . . . .. .. .1
NO. . . . ..o 2

N. Are you exposed to anything at work which affects your breathing?

YESS. . . . ASKa. . . .1
NO. . . SKKPTOO. . . 2
a. What are you exposed to?
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0] How are you paid?

SALARY

— 1 HOURLY WAGE
2
3 OTHER (i.e., Piece work, Commissions, Tips, etc.)

I F SALARY OR OTHER) please look at this card (HAND CARD QL2SAL) and

tell nme the letter of the incone category that includes your annual
gross (i.e., before deductions and taxes) income from your main job

RECORD LETTER

If you work nore hours than average during sone week, do you get paid
anything at all for those hours?

1 YES
(IF YES) which of the follow ng best describes how youget paid
for those overtime hours?

1 EQUI VALENT TO STRAIGHT TIME HOURLY WAGE
2 EQUI VALENT TO TIME AND A HALF

3 EQUI VALENT TO DOUBLE TI ME

4 EQUI VALENT TO TRIPLE TIME

Approxi mately, how many hours of overtine do you work in an
average week? HOURS

SKIP TO Q13

=——— (I F HOURLY) Please |look at this card (HAND CARD QL2WAGE) and tel
‘me the letter of the wage category that includes your hourly wage
for regular or “straight” time work

RECORD LETTER

Do you ever have the opportunity to work overtine on your main
j 0b?

1 YES
“ZNO

L F YES) Wich of the followi ng nost closely describes your
hourly wage rate for those overtime hours?

| STRAI GHT TI ME

2 TIME AND A HALF
3 DOUBLE TI ME

4 TRIPLE TI ME

Approxi mately, how many hours of overtine do you work
in an average week HOURS
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VOZIMrAe"TomMmmMmOoO O D>

CARD QL2SAL

Less than $6, 000
$ 6,000 - 6,999
$ 7,000 - 7,999
$ 8,000 - 8,999
$ 9,000 - 9,999
$10, 000 - 10,999
$11, 000 - 11,999
$12,000 - 12,999
$13,000 - 13,999
$14, 000 - 14,999
$15, 000 - 17,499
$17,500 - 19,999
$20, 000 - 22,499
$22,500 - 24,999
$25, 000 - 27,499
$27,500 - 29,999

$29,999 - 34,999
$35,000 - 39,999
$40,000 - 44,999
$45,000 - 49,999
$50, 000 - 54,999
$55,000 - 59,999
$60, 000 - 69,999
$70,000 - 79,999
$80, 000 -89, 999
$90, 000 - 99,999+

N<X>Xs=<gcd» 00
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O Voe=Zz==r"e~Tommoow>

Less than $3.00

$ 3.00-

50

50

AR PR DAL PHH
©COEONNDO T UIA R W

$10.00 -
$10.50 -

50 -
.00 -
50 -
00 -
50 -
00 -

00 -

00 -
50 -
.00 -
.50 -

©COOONNOOUTUTADAWW

49

.99
.49
.99
.49
.99
.49
.99
.49
.99
.49
.99
.49
.99
10. 49
10. 99

CARD QL2WAGE
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$11.
$11.
$12
$13.
$14.
$15.
$16.
$17.
$18
$19.
$20
$21
$22

- 11.49
- 11.99

- 12.99

- 13.99
- 14.99
- 15.99
- 16.99
- 17.99
- 18.99
- 19.99
- 20.99

21.99



13.  Have there been any other mmjor changes in your life that you woul d
like to tell us about?
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