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MEMORANDUM
SUBJECT: Val uing Reductions in, Mrbidity

FROM Ann Fisherfz ?W

To Addr essees

Soneti me ago, you received a copy of the Rowe and Chest nut .
report, xidants and Asthmatics in Los Angeles: A Benefits Analysis.

Bob Rowe and Laurie Chestnut did sonme_additional work with the
uni que data set they had coll ected. The extra work was nostly in

response to coments on the above report.

Attached are the findings fromthis new effort. | hope you
will find themto be useful. Currently, the approach for asthmatics
is being nodified to exam ne the benefits to heart disease patients
of reducing their synptons, possibly caused by carbon nonoxi de ex-
posure. | f you have any questions or coments, please call ne at
202/ 382- 5500.
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1. 0 | NTRODUCTI ON

1.1 OBJECTIVES

This report serves as an addendumto the U S. EPA report Oxidants And
Asthmatics In Los Angel es: A Benafits Analysis (EPA-230-07-85-010) by R D
Rowe and L. G Chestnut (1985). The paper reports on additional statistica

anal yses, corrections and other work conpleted after the above report was
printed.

This research effort exam nes changes in behavior, expenditures and
willingness to pay as related to changes in asthma severity and air pollution
It is based upon information obtained froma panel of 82 asthmatics in

G endora, California, in the fall of 1983. The panel of asthmatics represents
individuals in a population expected to be sensitive to anbient oxidant

levels. Additional summary information on the nethods used and the initial
statistical findings are found in the Executive Summary covering both the
earlier report and this addendum The Executive Summary is available through
the U S. EPA. A summary of variable names used throughout this analysis is
found in Table 1.

The specific analyses covered in this addendum include nine tasks identified
below. Section 2.0 reports the detailed approach and findings for each task.

Task 1. Aternative asthma severity neasures were obtained and used to
re-exam ne sel ected anal yses.

Task 2. Alogit analysis was used to estimate the relationship between the
perception that air pollution mght adversely affect asthma on a given day and
actual oxidant levels for that day. In the initial analysis, this
relationship was estimated with ordinary |east squares.

Task 3. Refinenments of the daily diary behavior nodel were made to account
for possible simultaneity between the hours spent in an activity and
expectations of a bad asthma day with air pollution as a possible cause.



Task 4. The specification of the tax bid regression nodel was |inked to
alternative utility functions and the variable GDAY was converted from a
continuous variable to a categorical variable. Errors in the origina
calculations are reported and corrected.

Task 5. The nedical cost and tax bid anal yses and consistency checks were
enpirically reexam ned by using consistent neasures of asthma severity in each
anal ysis and through exam nation of additional data. The consistency check is
inportant due to its use in assessing the credibility of the tax bids and in
estimating the WIP/CO rati o.

Task 6. The average willingness to pay for a reduction in bad asthm days was
estimated separately for those individuals who changed activities in response
to concern about asthma synptonms and for those who did not.

Task 7. Additional theoretical discussion is provided on the validity of the
consi stency check procedure, especially as it vas used to bound the WP/ CO
ratio.

Task 8. The plausibility of a value-of-information study is considered based
upon available scientific and econonmic information on asthma-rel ated behaviors
and changes in asthma due to changes in behavior

Task 9. A data set and conplete docunentation have been provided and are
available fromthe U S. EPA. This task is not discussed in this report.

1.2 SUMARY OF PI NDI NGS

Task 1. Revised severity neasures obtained fromthe UCLA School of Medicine
i ncl uded pul monary function neasures, an alternative severity index, and a
medi ci ne use index. These neasures generally performed less well in the
statistical analyses than the original severity neasure. Possible

explanations for this result are discussed. No findings fromthe initia

report are nodified as a result of this effort.
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Task 2. The logit analysis confirmed the statistical significance of the
relationship between concerns that air pollution mght affect asthma on a
given day and actual air quality levels as neasured by anbient |evels of
ozone. The predicted percentage of respondents expecting air pollution to
adversely affect their asthma did not change significantly from the ordinary
| east squares results presented inthe original report.

Task 3. The results of the estimation of the sinultaneous nodel did not
particularly support the hypothesis of sinultaneity between hours in a given
activity and expectations of a bad asthma day with concern about air

pol lution. The analysis focused on hours in active outdoor activities, which
were expected to be nost sensitive to concern about air pollution affecting
asthma. The coefficients estimated vith two stage |east squares generally had
the expected signs but their statistical significance was low. In addition to
model ing the potential simultaneity, the specification of the activities
equation was nodified in several ways relative to the previous analysis. Wen
estimated as a single independent equation, the new activities equation shoved
somewhat stronger evidence of mtigating behavior than was previously found

but the percentage of day to day variation in activities explained by the

model renai ned | ow.

Task 4. Additional tax bid specifications defined consistent with consumer
utility theory and with alternative methods for incorporating asthma severity
general ly performed less well than the original specification. However, some
problems in these revised specifications could be attributed to potentia

mul ticollinearity and to potential |imtations in the nonlinear estination
package used. A refined version of the tax bid specification fromthe
original report was defined that could be related to utility theory and was
found to yield simliar results to those presented in the original report.

A significant error vas detected in the earlier analysis. The per person and
sanpl e average nunber of bad asthma days per year were previously understated
by nearly one-half. Correcting this error reduced the estimted average and
mar gi nal val ue of reducing bad asthma days by about one-half. Revised table
are provided.
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Task 5. Additional enpirical evidence was found to substantiate the WP CO
ratio cal cul ations and consistency check procedure. In one analysis, the use
of a conparable severity neasure and functional form specification for the
variabl e nedical cost and tax bid equations found the elasticity of the tax
bid with respect to bad asthma days to be 1.83 tines the elasticity of MDVHH
with respect to change in bad asthma days.

Task 6. The average willingness to pay (tax bid) by the individuals who
expressed some concern about air pollution affecting asthma and appeared to
take some mtigating action was conpared to that of those who expressed
concern about air pollution but did not appear to take mtigating action. The
two neans were not statistically different.

Task 7. In the analysis using the ranking results, it was assuned that
willingness to pay for each of the individual benefits would follow the same
order as the rankings. This interpretation of the rankings presunes that the
pain and suffering being considered, for exanple, is that which remains after
medical treatment is undertaken. Since medical treatnent seldomalleviates
all disconfort and need for activity changes, a reduction in asthma synptons
could nean a reduction in disconfort, reduced medical expenditures, and
reduced need for lifestyle adjustnments. The analysis presumes that the
respondents were considering the net effects of asthma that occur after
optimal readjustment of medical treatnment has been undertaken

Task 8. A value of information study was found to be inpossible with the
avai l abl e data. The data on how asthmatics adjust their behavior in response
to perceptions and expectations of air pollution and its effects on their
asthma are, at best, weak (see Task 3). Even mre inportant, no infornation
is currently available to relate changes in characteristics of behavior, such
as type and location of activity and the resulting change in air pollution
exposure, to changes in asthma synptons.



Table 1
Definition of Variables

Nane Definition Sour ce
AL Maxi mum hourly ozone reading (pphm CARB
AQ Daily Average Qzone (pphm CARB
A2 Concerned that illness mght affect

asthma today = 1, 0 othervise Diary
A3 Concerned that tension, stress mght affect .

ast hma todag = 1,0 otherwise Diary
A4 Concerned that exercise mght affect asthma

today = 1, 0 otherw se Diary
AS Concerned that air pollution mght affect

asthma today = 1, 0 otherwise Diary
A6 Concerned that allergies mght affect asthma .

today = 1, 0 otherw se Diary
A7 Concerned that weather might affect asthm

today . 1, 0 otherw se Di ary
A8 Concerned that a bad day yesterday m ght affect

asthma today = 1, 0 othervise Diary
EXP4 Expected a bad asthma day with exercise as a

concern Di ary
EXP5 Expected a bad asthma day with air pollution

as a concern Diary
EXP6 Expected a bad asthma day with allergies as a

concern Di ary
EXP7 Expected a bad asthma day with weather as a

concern Diary
TEMP Daily tenperature (F.) at 1 p.m at El Mnte

ai rPort UCLA
HUM D Daily relative humdity at 1 p.m at El Mnte

ai rport UCLA
PRECI P Daily precipitation (inches) at G endora \West

Fire Control UCLA
AGNL to Ten daily allergen levels (trees, shrubs, nolds,
AGNLO etc.) UCLA
SYMPTOM Summary of daily asthma synptons reported by

the respondent over the entire UCLA study period;

used as an indicator of severity UCLA
HOA Dai ly hours in outdoor active activities UCLA
WEEKEND 1 if a non-work day for the individual, O other-

vi se UCLA
SEV Severity of asthma based upon respondents reported

monthly frequency tines intensity (reported

on UCLA instruments) summed over the cal endar

year UCLA
| NC | ncone Gener al
AGE Age UCLA
SEX Sex; 0 =mle, 1 ="femle UCLA
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MEDVHH

RTFM
GDAY
NBAD

NBADR
ADULT

TAXBI D
NOBS

Table 1 (continued)

Vari abl e nedical costs/year paid by the househol d
for this asthmatic (doctors, hospitals, nedicines,
etc.)

Respondent’s share of total household asthma

(0- 100%

H ghest day rating on UCLA scale still

consi dered to be a good day

Nunber of bad days/year - nunber of days where the
day rating is greater than GDAY

1/2 NBAD = Number of days reduced in WP scenarios
I's the respondent an adult (16+ years)

| =yes, 0 =no

WP response to reduce bad asthma days in half
through a tax vehicle

Nunber of observatories used in the analysis

CGener al
CGener al
Diary and
CGener al
UCLA

Gener al

Gener al

Note: The prefix Dis used to denote deviations fromthe nean, P to denote
percentage of the mean and LN to denote the natural log of the variable,

UCLA
Di ary
Gener a
CARB

UCLA Survey Instrunents

ERC Daily Diary Survey Instrunment
ERC General Questionnaire
California Ar Resources Board
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2.0 DETAI LED METHODS AND FINDINGS FOR TASKS 1 THROUGH 8

2.1 TASK 1 - ALTERNATIVE SEVER TY MEASURES

The initial asthma severity nmeasure used was defined as

where |; and F are the respondents’ perceived intensity and frequency of
asthma synptonms in each nonth using the UCLA 1-to-7 scale. Because this
measure was defined in a somewhat ad hoc manner by the researchers, and based
upon the subjects’ overall assessment data rather than daily data or other
objective measures, it was felt that other neasures may better represent
severity for use in the econom c analysis.

Two alternative severity nmeasures were devel oped by the UCLA research team and
examned in the econom ¢ anal ysis.

1. SYMPTOM  This measure was an annual average of the respondent’s
daily severity rating using the |I-to-7 scale. A nighttime
severity rating was also available, but the sinple correlation
between the two neasures was so high as to make the measures
i ndi stinguishable for our analysis.

2. PEAKFLON  This neasure was the annual average of daily (daytime)
pul nonary peak flow readings for adults only. A nighttine
measure was available, but was very highly correlated with the
daytine measure.

A third alternative severity measure based upon nedication use was al so
obtained, but was not used in the analysis as medication use and variable
househol d medi cal expenditures for asthma are, by definition, highly
correlated. In addition, this measure was only available for adults.
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The original and revised versions of the variable nmedical cost regression
model , which relate variable nedical costs to the household for asthma to
severity and socioecononic characteristics, were reexamned with both of the
alternative severity neasures. In addition to using the, variables
representing the nmeasures as defined above, several alternative node
specifications were considered including power functions, |ogs and
exponential. In no case did the statistical significance of these
alternative measures cone close to that of the SEV neasure and in many cases
the revised severity nmeasures were not significant at even a 10 percent
(one-tailed) test |evel.

The failure of the alternative severity measures in the variable medical cost
equations leads to the question: is SEV a better severity nmeasure for the
econom ¢ behavi or analysis or were the previous results just fortuitous? It
is possible that SEV is a better neasure for this analysis, which can be shown
by conparing SEV to PEAKFLOW and SYMPTOVS

The principal difference between SEV and PEAKFLOWis that SEV is based upon
the respondent’s perceptions concerning overall severity and intensity of all
of their asthma synptons, not just pulnonary function. Because the
respondents will take actions in terms of medical expenditures and will base
their displeasure with (and willingness to pay to reduce) asthma synptons upon
their perceptions of severity for all synptoms, it is not surprising that the
one di mensi onal PEAKFLOW neasure perfornmed less well in the anal yses.

The principal differences between SEV and SYMPTOVS is that SEV better accounts
for the possible nonlinearity in the progression of symptom severity in the
UCLA 7 point severity scale, particularly at the upper end of the scale, and
SEV relies even nore heavily upon respondents’ perceptions of their asthma
severity.

Table 2 gives values for SEV and SYMPTOMB cal cul ated for several alternative
hypot hetical cases of asthma synptomintensity and frequency to illustrate the
di fferences between these two measures. SEV has been normalized by dividing
by 12 so the two neasures have the sanme base level of 1 for the no synptoms

2-2



TABLE 2

Conparison of the SEV and SYMPTOMB Severity

Measures for Hypothetica

Exanpl es

Li kely Value for Severity Measures

CASE SYMPTOVB SEV**

1. No synptons at and 1 1
time (rating of 1 on [(1%366)/366] [(1*1%12)/12]
each day)

2. Very mld synptoms (2) 1.5 4
half of the tine. No [(2%183+1*%183)/366] [(2%2%12)/12]}
synpt ons ot herw se

3. One month of very 1.5 5
severe synptons (7) [(7%30.5+335.5%1)/366]  [7*7*1+1*1%11)/12]
every day. No synptons
(1) all other days.

4 Two nmonths of very severe 2 9
symptons (7) every day. [(7%61+1%305)/366] [7%7%2+41%1%10)/12]
No symptonms (1) all other
days.

5. Very Severe Synptons (7) 1.3 14
infrequently (1-2/nonth) [(7%20+1%346)/366] [7*2%12)/12}
every month, otherw se no
synpt ons.

6. Very Severe Synptons (7) 1.8 24.5
occasi onal Iy (4/month) [(7*48+1%318)/366]) [(7*3.5%12)/12]

every nonth, otherw se no
synpt ons.

*

Defined as the annual average of daily readings
** Defined as the average over 12 nonths of the perceived nonthly severity
Perceived frequency is often confounded by

(I-7) times frequency (I-7).

perceived intensity.

not divided by 12 as in this table.
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case. The nmeasures differ nost dramatically when the individual has highly
variable asthma synptons. The cases are ordered to result in increasing

val ues using the SEV neasure. It is readily apparent that the values for
SYMPTOMS do not increase as one proceeds through the hypothetical cases.
Conparing cases 2 and 3 with 5 highlight the inportant differences. If the
individual is nore dramatically affected by, and responds to, infrequent but
very severe synptons than by continued periodic very mld synptons, the SEV
measure is nore appropriate. Because nmjor medical expenses such as
non-routine doctor visits and hospital visits are nore likely related to very
severe synptons than to continued mld synptoms, the relative performnce of
SEV versus SYMPTOMB i n the medical cost equations seem appropriate.

To capture the possible nonlinearity of the 7 point severity scale, the
SYMPTOVS neasure coul d be recal cul ated as the average of the daily severity
measure taken to a power, such as squared, with alternative power
transformations exam ned and then averaged across the year.

Alternative tax bid nodels, relating the willingness to pay (WP) through a
tax vehicle to reduce bad asthma days, were exanmined with the revised
severity measures defined above as well as with the SEV neasure rather than
NBADR neasure originally used. The revised severity measures were
consistently insignificant in these tax bid WP nodels.

The failure of the alternative severity nmeasures in the tax bid regressions
is, we feel, for the sane reason that SEV was statistically weaker than NBADR
in these nodels, as indicated in the original report. The tax bid questions
were franed in terms of willingness to pay to reduce bad asthma days, as
defined by the respondent, not to reduce average synptoms or pul nonary
function. The analytical results support the contention that respondents bid
to reduce bad asthma days. Due to the 10V correl ation between the other
severity measures and NBAD (nunber of bad asthma days), the other severity
measures were veak proxies for NBADR in the tax bid regression nodel
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2.2 TAKS 2 - PERCEPTIONS OF AMBIENT Al R POLLUTI ON

The perception equation originally reported in Table 4.3 was rerun as a logit
specification to correctly treat the dichotonous dependent variable. This
estimation examnes the factors that influence whether the individua

i ndi cated concern about air pollution affecting his or her asthma that day.
The statistical package being used was unable to provide results for the
entire sanple (1779 observations), but the results obtained with the reduced
sanpl e (866 observations) are very simlar to the results obtained using
ordinary least squares estimation. The reduced sanple includes all the days
for those individuals who indicated concern about air pollution on at |east
one day during the study period.

The results of the logit estimation with the reduced sanple are reported in’
Table 3. The sane variables were statistically significant as in the QLS
estimation: maxi mum daily ozone levels (AQl) and SEX. The coefficients in the
logit estimation are not directly conparable to OLS coefficients. In order to
conpare the magnitudes of the ozone coefficients, elasticities were

calculated. These are reported in Table 4 and show that the estimted effect
of daily ozone levels on concern about air pollution affecting asthma is

al nost identical across the OLS and logit specifications.

2.3 TASK3 - ANALYSIS OF M TI GATI NG BEHAVI R

2.3.1 Background

In the previous analysis, hours in each category were regressed separately on
whet her the individual expected a bad asthma day and was concerned that air

pol lution mght affect his or her asthma (EXPECT) and on other characteristics
of the individual. The hypothesis was that physically active outdoor
activities would be especially sensitive to concern about air pollution (since
exposure is higher outdoors and the individual is more likely to be affected
by pol lution when physically active), but the results only partially supported
this hypothesis. The estimated coefficients on EXPECT were generally negative
as expected for the outdoor or "active" activities, but were statistically
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Table 3
Results of the Logit Estimation of the Perceptions
Equation for the Reduced Sanple*

Dependent Variable = A5 (Respondent felt air pollution mght affect asthma

« 318)

‘hat day, nmean =

Expl anat ory Vari abl e Logi t Previous OLS
Vari abl e Mean coefficients Coefficients
Const ant -.572 . 358
(1.17) (3.7)
AQL 8.3 . 88E-1 .18E-1
(5.61) (5.8)
SEV 172. 4 -.11 E-2 -.18 E-3
(.83 (.69)
| NC 32125 -.34 E-5 -.82 E-6
(.74) (.77)
AGE 38.5 -.49 E-2 -.89 E-3
(.83 (.78)
SEX .52 -.93 -*191
(5.48) (5.65)
R’ . 086**
F 16. 2
Li kel i hood
Ratio Test 76. 38
NOBS 866 866 866

t - statistics given in parentheses
The R’s previously reported vere in error. The nultiple Rwas incorrectly
reported. The correct R2's for previous Table 4.3 are:

Equat i on: 1 2 3 4

R: .040 .043 .086 .088

* %
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Table 4
Conparison of Logit and OLS Results from
Perceptions Equation for the Reduced Sanple

Logi t a.s
El asticity Fornul a* B[ A5( 1=A5) * QL/ A5] B*AQL/ A5
Elasticity at the
Vari abl e Means . 50% A%
Elasticity at
AQL=12pphm
(NAAQS St andar d) . 12% . 68%
Approxi mat e Percent age
Change in A5 when
AQL increased from
mean to 12 pphnf* 28% 27%
Predi cted Percent of
Sanpl e Concer ned
About Air Pollution
at AQL+12 41% 40%
* Elasticity is the percentage change in the dependent variable (A5 in this
case) that is associated wth a 1% change in an independent variable (aQl1

inthis case).
Using the md point of the elasticities at mean and 12 pphm

* %
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significant at the 10 percent (two-tailed) level only for chores, both indoor
and out door.

This analysis extends the previous wrk by considering the possibility of
sinultaneity between hours spent in a given activity category and expectations
about asthma synptons. For exanple, while concerns about air pollution may
lead to mitigation in terns of fewer hours spent outdoors, it is also possible
that when nore hours outdoors are planned an asthmatic mght be more concerned
about air pollution affecting his or her asthma and might be nore likely to

expect a bad asthma day. It was therefore hypothesized that the individua
woul d spend less time in active outdoor activities on days when he or she
expected a bad asthma day and was concerned about air pollution. It was also

hypot hesi zed that on days when nore active outdoor activities were planned
the individual mght be nore likely to expect a bad asthma day related to air
pol lution. To the extent that this sinultaneity exists, it could have biased
the coefficients on EXPECT toward zero in the previous analysis.

Al'l physically active outdoor activities were grouped together to sinplify the
analysis and to focus on substitution from active outdoor activities to indoor
or “inactive” activities. This active outdoor hours variable was defined as
the sumof hours in outdoor chores, active outdoor |eisure, and work hours if
the individual had an active outdoor job.

2.3.2 The Model

The fol lowing general model was hypothesized. A person with asthma can be
expected to chose the ampunt of tinme spent in outdoor active activities for
the day as a function of:

1. Expectations about asthma severity including concern about specific
factors that mght affect asthma and that could be related to outdoor
active activities, such as air pollution, exercise, weather, and
pol | ens.

2. \\ather that day.

3. Opportunities and previous conmtnents, e.g. weekends may differ from
weekdays.
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4. How the person feels that day, e.g. illness and tension.

A person’s expectations about having a bad asthma day related to air pollution
can be expected to be a function of:

1. Hours planned in outdoor active activities that day.

2. Expectations of a bad asthma day as it relates to weather, exercise or
pol | ens.

3. Ar pollution levels.

4. Individual characteristics such as sex, age, incone, and asthma
severity.

5. Asthma synptons the previous day.

6. Other possible aggravating factors such as illness and tension

2.3.3 Estination of the Mde

The nature of the data obtained fromthe ERC daily diary have to be considered
inthe estimation of this nodel. There are 1779 daily observations, 64

i ndividual s on about 28 days each, over the period Cctober 12, 1983, to
Novermber 29, 1983. Differences between individuals are taken into account by
defining outdoor active hours as the deviation of that day’s hours fromthe

i ndividual’s mean over the four week diary period, or as the percentage of the
i ndi vidual’s nean hours. This should help to isolate changes in schedul es
that mght be considered mtigating behavior

One limtation of the data is that individuals nmght make adjustnents in their
schedul es throughout the day. The diary asked how many hours they actually
spent in each activity category and about their expectations concerning asthnma
at the beginning of the day. W are therefore assumng that something can be
sai d about how the day was spent as a function of expectations at the

begi nning of the day. The data cannot be used to determne if schedules are
bei ng adjusted throughout the day in response to changing expectations. A
finding of no relationship between expectations and schedules in these data
cannot, therefore, be interpreted as indicating that no mtigating behavior
occurs.
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Data on daily weather and allergens in Gendora were added to the data
previously conpiled. Variable nanes are as defined in Table 1. New variables

are:
A2 = Concerned that illness mght affect asthma today = 1, O otherw se
A3 = Concerned that tension or stress mght affect asthma today = 1, 0

ot her wi se
A4 = Concerned that exercise mght affect asthma today = 1, 0 otherw se
A5 = Concerned that air pollution mght affect asthna today = 1, 0 otherw se
A6 = (Concerned that allergies mght affect asthma today = 1, O otherw se
A7 = Concerned that weather mght affect asthma today = 1, 0 otherw se
A8 = Concerned that a bad day yesterday mght affect asthma today = 1, 0
ot herw se
EXP4 = Expected a bad asthma day with exercise as a concern

EXP5 = Expected a bad asthma day with “air pollution as a concern
EXP6 = Expected a bad asthma day with allergies as a concern
EXP7 = Expected a bad asthma day with weather as a concern

TEMP = Daily tenperature (F.) at 1 p.m at El Monte airport

HUMD = Daily relative humdity at 1 p.m at El Mnte airport

PRECIP = Daily precipitation (inches) at Gendora West Fire Control

AGNL to AGNIO = Ten daily allergen levels (trees, shrubs, nolds, etc.)

SYMPTOM = Sunmary of daily asthma synptons reported by the respondent over the
entire UCLA study period; used as an indicator of severity

ACTJOB = 1 if individual has an active job (either indoor or outdoor), 0
ot her wi se

HOA = Daily hours in outdoor-active activities

VEEKEND = 1 if a non-work day for the individual, 0 otherw se

The prefix Dis used to denote deviations fromthe mean, P will be used to
denote percentage of the mean, and LN will be used to denote the natural |og

of the variable.

The fol | owi ng endogenous and exogenous variables were included in the
estimation:

endogenous: HOA, EXP4, EXP5, EXP6, EXP7
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exogenous: AQL, A2, A3, A8, TEMP, HUMD, PREAP, AGNL, AGN2, AGN3, AGMY,
AG\5, AGNG, AGN7, AGNS, AGN9, ACN1O, WEEKEND, SYMPTOM INC AGE,
SEX, ACTJOB

Any of the endogenous expectations variables could affect the anount of tine
spent in outdoor active activities and could in turn be affected by the anount
of time planned in outdoor active activities. Since respondents sel dom
checked only air pollution as a factor that they were concerned m ght affect
their asthma that day, it was inmportant to include other factors in the nodel
to deternmine the independent inportance of concerns about air pollution, if
possible. In general, the correlations anong these expectations variables
were between .2 and .4. Concern about illness, stress, and a bad asthma day
yesterday were treated as exogenous since these concerns were believed to be
less likely to be a function of the amount of tine planned in outdoor active
activities.

The follow ng system of five equations was hypothesized based on the nodel and
the available data:

Eq. Dep. Var. |Independent Variables

1 HOA EXP4, EXP5, EXP6, EXP7, WEEKEND, A2, A3, A8, PRECIP, TEMP
2 EXP5 HOA, EXP4, EXP6, EXP7, INC SEX, AGE, SEV, A2, A3, A8, AU
3 EXP4 HOA, EXP5, EXP6, EXP7, INC, SEX, AGE, SEV, A2, A3, A8,

WEEKEND, ACTJOB, PRECIP

4 EXP6 HOA, EXP4, BEXP5, EXP7, INC SEX, AGE, SEV, A2, A3, A8, AG\I,
AG\N2, AG3, AGM, AGN5, AGN6, AGN7, AGNS, AGN9, AGNLO

5 EXP7 HOA, EXP4, EXP5, EXP6, INC, SEX, AGE, SEV, A2, A3, A8, HUMD,
TMEP

Equations (1) and (2) were the ones of primary interest and were therefore the
only ones estimated for this analysis.
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An effort was nmade to add particulate pollution levels to the data set

because, in addition to ozone, particulate have been found to be related to
asthma synptons. However, daily particulate levels were available for a
station near Gendora only through Cctober 31. The error in the analysis from
omtting particulate and using changes in ozone as a measure of changes in
both pollutants was, however, likely to be small as the correlation between
ozone (AQl) and particulate for the period for which data were avail abl e was
.8

Two different functional fornms were used to estimate equation (1). Both of
these forms control for differences between people by adjusting their daily
activities by the nean for that individual. One formwas deviations fromthe
means for the activities variable:

DHOA = (HOAti-HOAi) = a+blEXP4ti+bZEXP5ti+b3EXP6ti+b4EXP7ti+b5UEEKENDt

b6A2ti+b 7A3 tiaf*.\.aA% i +lb PRECIPt+b10TEHPt

1-0-

where t = days and i = individuals

The other functional formused the natural |ogs of the percentage of the nean
val ue for each day for the activities variable. This is conparable to the one
that was used in the previous analysis.

LN(PHOA) = LN (HOAti/HOAi) = a+b1EXP4ti+szXP5ti+b3EXP6ti+b4EXP7ti+b5°
V\EEKENtni +% A’t)i +b7 A3t Iq-g A%i +b9PRECIPt+b10 4

TEMP ¢

The log form assunes a nultiplicative relationship anong the variables,
inplying, for exanple, that a change in hours as a function of a change in
concern about air pollution will be a function of the other variables as well,
while the deviations form assumes an additive relationship.

In addition to the incorporation of sinultaneity, the specification of
Equation (1) differs fromthat used previously in the follow ng ways:
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1. The activities variable is the sum of outdoor chores, active outdoor
| ei sure, and active outdoor enploynent. These were the categories
expected to be nost sensitive to concern about air pollution.  Summi ng
them sinplifies the analysis and inplies that the day can be neaningful ly
split into time in outdoor active activities and time in all other types
of activities. Previously, each activity category was considered
separately.

2. Other expectations variables and concerns variables are included in
addition to air pollution. Since air pollution was sel dom marked as a
concern without also marking other concerns, it seemed preferable to
include all of the concerns in the estimation in order to avoid falsely
attributing an effect to concern about air pollution. Milticollinearity
may, however, meke it difficult to confidently separate the effect of the

di fferent concerns.

3. Characteristics of individuals were excluded fromthe activities equation
(Equation 1) on the assunption that using deviations fromthe mean was
already adjusting for differences between individuals. Individua
characteristics were included in the expectations equation (Equation 2).

The nodel was estimated for the full sanple as well as for the reduced sanple
of individuals who on at |east one day marked air pollution as a factor they
were concerned mght affect their asthma that day. Half of the individuals
did not ever mark air pollution as a concern to themduring the diary period.
These peopl e cannot be expected to consciously change their behavior in order
to reduce their exposure to air pollution, Including themin the sanple m ght
obscure any mtigating behavior the other half of the individuals mght be
undertaking. Also, there is sone nedical evidence to suggest that sone
asthmatics may be sensitive to air pollution while others are not. Results
found for the reduced sanple are therefore not necessarily applicable to al
asthmatics. It is also possible that pollution levels during the diary period
were not high enough to cause concern for sone people (see original report).

It should be noted that this approach tests for evidence of conscious
mtigating behavior. It is also possible that individuals adjust the anpunt
of tinme they spend in outdoor active activities wthout thinking air pollution
i's bothering them They may sinply feel worse and then change their behavior
Evi dence of a conscious |ink between concern about air pollution and behavior
woul d be stronger support of the hypothesis that mitigating and/or responsive
behavi or occurs, so this is the focus of the analysis.
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2.3.4 Results of the Analysis

The estimation results for the mtigation nodel Equations (1) and (2) using
the deviations fromthe nean approach and the full sanple are reported in
Table 5. The only variable with a statistically significant coefficient at
the 95 percent level (two-tailed) in Equation 1 is WEEKEND. The WEEKEND
coefficient indicates that individuals spend nore tine in outdoor active
activities on non-work days, as would be expected. The coefficient for EXP5
has the expected sign, but is statistically insignificant. The overal

expl anatory power of the equation is weak. It should be noted that the
t-ratios and the R-squared estimates are not entirely reliable in a two stage
| east squares estimation, but they are asynptotically unbiased and,
considering the fairly large sanple size for these estimations, are probably
reasonably indicative of the actual significance. of the estimates.

The signs of the other expectations and concerns variabl es (EXP4, EXP6, EXP7,
A2, A and A8) are mxed, although the statistical significance is quite |ow.
The only coefficients vith t-ratios greater than 1 are for A2, which reflects

concern about illness affecting asthma, and for A3 which reflects concern
about tension and stress affecting asthma. The negative coefficient for A2
makes sense in that people who are ill wll probably spend less time in

outdoor active activities. The positive coefficient for A3 suggests that
peopl e who are concerned about stress affecting their asthma are likely to
spend nore time in outdoor-active activities.

The results for Equation (2) suggest the simultaneity between hours in

out door active activities and expectations about air pollution effects is not
significant, although the coefficient for DHOA is positive as hypothesized.
Two variables have coefficients statistically significant at the 95 percent
level (two-tailed): EXP6 (concern about allergens) and SEX. The coefficient
for the ozone variable (AQL) is positive, but not significant in this
equation. This is somewhat inconsistent with the previous findings that the
subjects are nore likely to be concerned about pollution affecting their
asthma when pol lution |evels are higher, although the variable EXP5 indicates
being concerned about air pollution and expecting a bad asthma day, whereas
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Table 5

Two Stage Least Squares Mtigation Mdel Vith Deviations —Full Sanple*
Equation 1 Dependent Variable = DEQA (nean= -.0279) _
Vari abl e Coef ficient t-Ratio Mean of Vari abl e
Const ant -. 629 -*97
35\’}4 1218 12 0488
EXP5 -. 577 -.39 .0789
EXP6 .. 134 .. 07 0715
EXP? 1233 .23 1244
\EEKEND 1.603 9.67 . 1260
A2 -.315 -1.57 . 1374
A3 . 257 1.29 2122
A8 -.201 - 47 . 1228
PRECI P . 136 .35 . 0404
TEMP . 006 .67 70. 69

R* = .09, N = 1230

Equation 2 Dependent Variable = EXP5
Vari abl e Coef ficient t-Ratio
C9Qstant . 028 42
DHOA . 0083 47
EXP4 629 1. 40
N\
EXP6 . 696 2.11
AN
EXP7 -. 104 -. 56
A2 -. 0017 -. 05
A3 . 022 .52
A8 -. 102 -1.32
AQL .00094 .49
I NC -. 00000056 -.53
AGE .0012 1.53
SEV -. 000097 0.61
SEX -. 052 -2.29
R = .09 N-= 1230
* A"A®" neans the variable 1s endogenous.
Table 6
Correlation Coefficients for the Expectations Variables

EXP4 EXP5 EXP6 EXP7
EXP4 1. 000 . 165 . 146 . 169
EXP5 1.000 .390 . 232
EXP6 1. 000 . 243
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the variable A5 used in Section 2.2 reflects sinply concern about air
pol | ution.

It is possible that mlticollinearity anong the expectations variables may
make it difficult to sort out their individual effects. The sinple
correlations anong the four expectations variables are shown in Table 6. The
correlations are quite high, reative to the poor explanatory power of the
estimted nodel.

Table 7 reports the estimation results using the deviations approach wth the
reduced sanple of individuals who indicated concern about air pollution

on at least one day during the study period. It was expected that mtigative
behavi or woul d be nore pronounced for this subsanple. The coefficient for
EXP5 is indeed larger, but is still not statistically significant. The signs

of the other expectations coefficients are all positive, contrary to the
hypot heses of the nodel, but they are not significant. The coefficients for
DHOA and AQL in Equation (2) are also larger, but their statistica
significance remains very weak.

The results of the estimations using the logs of the percentages of the means
were simlar to those reported for the deviations except that the explanatory
power of the nodel was even weaker. Therefore, these results are not reported.

The inplications of the results reported in Tables 5 and 7are not entirely
clear. The low statistical significance of the DHOA coefficients in Equation
(2) suggests that sinultaneity between expectations and hours spent in active
outdoor activities may not be inportant.

Because several aspects of the specification were changed in addition to
adding the sinultaneity, the conparison to the previous results is somewhat
problematic. To allow for a nore straightfoward assessnent of the effects of
incorporating sinultaneity in the nmodel, Equation (1) was estimated as an

i ndependent equation using ordinary |east squares. This estimation assumes
that expectations related to air pollution effects are independent of the
activities schedule and further assumes that the errors in Equations (1) and
(2) are independent.
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Table 7
Two Stage Least Squares Mtigation Mdel
Wth Deviations -- Reduced Sanpl e*

Equation 1 Dependent Variable = DHOA (Mean = .0171)
Vari abl e Coefficient t-Ratio Mean of Variable
QENSTANT -.133 G -.14

EXP4 1.328 .0788
EXPS -1.779 21,02 1461
EXP6 1.736 .90 1018
EXP7 1335 35 1659
WEEKEND 1.610 5.53 . 1297
A2 -, 476 -1.52 . 1232
A3 . 162 .75 . 2726
A8 -, 737 -1.31 . 1264
PRECI P . 0016 . 003 . 0463
TEMP -. 00040 -.03 70. 32

R = .02, N:= 609

Equation 2 Dependent Variable = EXP5
Vari abl e Coefficient t-Ratio
CONSTANT . 0212 .15
/N
Dl/lgA . 0112 .34
EXP4 . 618 1.44
EXP6 860 2.67
A
EXP7 -. 159 -.71
A2 . 0356 .51
A3 -. 00335 -.05
A8 - 111 -.96
AQL . 0024 .67
| NC -. 00000095 -.38
ACGE . 00084 47
SEV . 00024
SEX -. 0769 -1.89

R*= .05 N = 609

* A"A" nmeans the variable is endogenous
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The results of the independent estimations of Equation (1) for the full and
reduced sanples are presented in Table 8. The EXP5 coefficients have the
expected sign and are statistically significant at the 95 percent |eve
(two-tailed). The statistical significance of the coefficients for several of
the other variables is also higher than in the two stage |east squares
estimations. It is interesting that the size of the EXP5 coefficients is,
however, smaller than that obtained in the two stage |east squares estimation
The QLS results inply that expecting a bad asthma day and being concerned
about air pollution results in about a 17 percent reduction in time spent in
outdoor active activities for the full sanple and about a 20 percent reduction
for the reduced sanple. This is consistent with the magnitude of effects
reported previously in Rowe and Chestnut (1985). This stability, when the

ot her expectations variables are added, supports the conclusion that the
subjects are changing their activities, at least in part, in response to
concern about air pollution.

The ozone coefficient in the two stage |east squares estimation was not
statistically significant. Equation (2) was reestinmated as an independent
equation for the reduced sanple to see if the results remined the sane.
Equation (2) in the nodel is simlar to the perceptions equation previously
reported by Rowe and Chestnut (1985) and reestimated as a logit regression in
Task 2, except that EXP5 is used as the dependent variable instead of AS.

Anot her inportant difference between Equation (2) and the perceptions equation
estimated in Task 2, in addition to the different dependent variable, is that
ot her expectations and concerns variables are also included since they are
likely to be related to expecting a bad day and possibly to concern about air
pol | ution.

The results of this estimation for Equation (2) are reported in Table 9. EXP6
(allergens), EXP7 (weather), A2 (illness), and A3 (stress) are all positively
and significantly related to EXP5. The ozone (AQl) coefficient is about
one-hal f the size of the ozone coefficient in the AS equation (Table 3), but
Is still significant at the 10 percent (two-tailed) level. The results, when
conbined with the results reported in Table 3, suggest that when air pollution
|l evel s are higher, the subjects are nore likely to be concerned that air
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a. Full Sanple

Table 8

OLS Estimation of Equation 1

Dependent Vari abl e = DHOA

Vari abl e Coef fi ci ent t-Ratio
CONSTANT -.416 - 17
EXP4 279 1. 20
EXP5 -.401 -2.00
EXP6 . 159 .74
EXP7 -. 285 -1.78
WEEKEND 1.591 10. 84
A2 -. 255 -1.69
A3 271 2.22
A8 -.182 -1.12
PRECI P . 230 . 67
TEMP . 003 .42
R° = .10, N = 1230

F = 13.56

b. Reduced Sanple

Dependent Vari abl e DHOA N = 609
Vari abl e Coef fi cient t-Ratio
CONSTANT . 222 .27
EXP4 147 .50
EXP5 -. 627 -2.52
Exr6 .579 1.92
EXP7 -. 317 -1.41
VEEKEND 1. 647 7.15
A2 -.315 -1.31
A3 . 303 1.70
A8 -. 373 -1.48
PRECI P . 199 .45
TEMP -. 0050 -.44
R2 = .10, N = 609

F = 6.53




Table 9
Logit Estimation of Equation 2 for the Reduced Sanple

Dependent Variabl e = EXP5

Vari abl e coefficient t-Ratio

CONSTANT -3. 864 -5.53
EXP4 . 192 .51
EXP6 2.808 9.57
EXP7 1. 348 4. 88
A2 . 881 2.77
A3 1.171 4.26
A8 -.701 -1.98
AQL . 0422 1.74
| NC . 0000212 2.53
ACGE . 0349 4.20
SYMPTOM -. 461 -2.95
SEX -1. 308 -4.81

Li kel ihood Ratio Test 234.89, N = 837
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pol lution will affect their asthma synptons, but they do not necessarily also
expect a bad asthma day. It is unknown whether this is because they expect
the effect on their asthma to be small or because they expect to be able to
mtigate the effect. It is interesting that A8 (bad day yesterday) is
significantly negatively related to EX5. This suggests the possibility of
milticollinearity problens since it seens unlikely that having a bad day
yesterday would | ower a person’s expectations about having a bad day today due
to air pollution. Potentially related, however, is the significant negative
coefficient for SYMPTOM This suggests that those individuals vith |ess
severe asthma synptoms are nore |ikely to expect a bad day and be concerned
about air pollution. This is an unexpected result, but it may have sone
validity.

2.3.5 Goncl usi ons

The primary conclusion fromthis analysis is that simultaneity between hours
in activities and asthma synptom expectations is probably of |imted
inportance for this group of subjects during the sanple period. This

hypot hesi s provi ded one possible explanation for the statistically veak

rel ationship observed between expecting a bad day and being concerned about
air pollution, and hours spent in active outdoor |eisure. Although the
estimated magnitude of the change in schedul es associated with expecting a bad
asthma day and being concerned about air pollution was reasonably consistent
with the previous findings, the statistical significance of the estimtes was
not robust across different nmodel specifications. |t appears that changes in
schedul es are associated wth expecting a bad asthma day, but it is difficult
to say with confidence how much of the change is due to mtigating efforts to
reduce exposure to air pollution.

2.4 TASK 4 -REVI SED TAX BI D ANALYSES

2.4.1 Corrections to the Original Results and Interpretations

The estimated nunber of bad asthma days for each respondent in the origina
report was discovered to have been cal cul ated based upon UCLA data covering
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only four to seven nmonths of the year, depending upon the respondent. On
average, the data covered al nost exactly one-half of the year. Data for the
entire year were still unavailable fromthe UCLA researchers for the revised
anal ysis, so the existing data were scaled up to a year, with the appropriate
scaling factor calculated separately for each respondent. Unfortunately,

there may still be biases for each individual or for the sanple as a whole if
the period of time for which data were available is in sone manner
systematically unrepresentative of total annual asthma severity. The revision
resulted in a change in the estimate of the average number of bad asthma days
inthe sample from38 to 74.

Due to this revision, the original tax bid regression nodel and the predicted
total, marginal, and average willingness to pay figures were reestimted and
are reported here as Tables 10 and 11. Two other changes were made: (1) the
tax bid equation was estimated without the medical cost variable, which was
insignificant in the original specifications and is determned by asthma
severity and characteristics of the individual represented by other variables
in the equation; and (2) in version 2, Table 10, income was deleted as it was
insignificant in the original specification and this deletion allows the
specification to be tied to a utility functional form under a very specific
assunption (see bel ow).

The results for the reestinated original tax bid specification show little
significant difference fromthose in the original report. The constant term
changes to reflect the difference in the total nunber of bad asthnma days, and
the statistical significance of CGDAY increases to the 10 percent (one-tailed)
level. However, the predicted total, marginal, and average willingness to pay
estimates decrease by half or nore for each of the original levels reported

This error may also explain very large tax bids made by several individuals
with zero or very few estimated bad asthma days, especially since for some of
these individuals the bid, ranking and nedical cost data are consistent,
These bids may be accurate for yearly asthma levels if their asthma severity
is lower inthe 4 to 6 nonth sanple period than in the reminder of the year
However, if this type of seasonal neasurenment error is occuring for these

i ndividuals, the true NBAD nust exceed the estimated NBAD and-incl uding these
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Table 10
Tax Bid Regression and Predicted WP Values for a
50 Percent Reduction in Bad Asthma Days
(Revised Table 4.15)*

a. Regression Mdel
Dependent Variable Log (Tax Bid)

Coefficient (t-ratio)

Expl anatory Variabl e Version 1 Version 2
Cons tsnt 1.48 4.28
(.37) (2.78)
i n (NBADR) .535 .552
(4.07) (4. 26)
in (GDAY) 1.15 1.08
(1.70) (1.61)
in (ING . 263
(.77)
in AGE -. 663 -. 683
(-1.17) (-1.21)
SEX -. 43, -. 47
(-.99) (-1.09)
ADULT .18 LT
(.99) (.98)
NOBS 65 65
F Statistic 4. 45 5.26
R’ . 315 . 308
RZ 245 . 250

b. Predicted WP Values ($'s, Version |)**

No. of Bad Days Reduced

GAY 1 5 15 50
1 (no synptons) $9 $22 $ 40 $ 79
2 (very mld synptons) 19 47 86 166
3 (mld synptons) 30 72 133 258
4 (noderate synptons) 41 99 181 353

>

Revision of Table 4.15 in Rowe and Cnestnut (1985) to correct for errors in
earlier estimates of NBADR Qther minor revisions were also made, see
acconpanying text. Variable names defined in Table 1. Logs in base e.

** Predicted WP val ues cal culated for adult males at the sanple nmeans for
other variabl es.



Table 11
WP Values for a Reduction in a Bad Asthnma Day

(REVI SED Tabl e 4.16)*

a. Marginal Tax Bid for the Next Bad Astma Day Reduced**

No. Bed Days Al ready Reduced (NBADR)

BDAY Level * 1 5 15 50
1 (no synptons) $4 $2 $2 $1
2 (very mld synptons) 9 5 3 2
3 (mld synptons) 14 8 4 3
4 (moderate synptons) 19 10 7 4

b. Average Tax Bid Per Bad Day Reduced***

No. Bad Days Reduced (NBADR)

GDAY* 1 5 15 50
1 (no synptons) $9 $4. 4 $ 2.7 $1.6
2 (very mld synptons) 19 9.4 5.7 3.3
3  (mld synptons) 30 14. 4 8.9 5.2
4 (noderate synptons) 41 19.8 12.1 7.1

* Revisions to Table 4.16 of original report. Bad Asthma Days are days with
synptons rated as exceeding the GDAY level. Results for Table 10, nodel
Version 1.

** Marginal values calculated as the first derivative of the regression nodel.

*** Average values are predicted tax bids (Table 4.15b) divided by nunmber of
bad days reduced.



observations in the tax bid regression analysis would introduce a systematic
bias in the estimates. Wile seasonal measurenent error may occur for all the

observations, it is not known for any other individuals whether the
measurement error is positive or negative so that no systematic hias is
introduced. However; it is known that random measurenent error in explanatory
variables of a regression nodel biases the corresponding estimated regression
coefficients toward zero.

2.4.2 Revised Tax Bid Specifications

Two issues were addressed in the revised tax bid analysis. First, the GDAY
variable was a categorical variable representing the highest |evel of asthma
synptom severity (using the UCLA 1-7 scale) that the respondent still

consi dered to be a good asthma day. The initial analysis incorporated the
effect of individuals bidding to reduce bad asthma days of different severity
by incorporating GDAY as a continuous, rather than categorical, variable. As
such, a GDAY cutoff of 4 is inplicitly assumed to be twice as severe as a CDAY
cutoff of 2 and so forth. This was an assunption of convenience, but for

whi ch there was no supportive evidence.

The second issue was that the tax bid specification was not derived froma
utility function specification, and as such the inplicit utility function
assunptions could not be ascertained. These two issues are first addressed
separately, then joined together in the analysis

Accounting for the Severity of Bad Asthnma Days

Two nmethods were identified to address the differences across individuals in
terms of the severity of bad asthma days being reduced. The first approach is
to sinply replace N, the total number of bad asthma days, with a function of
the nunber of bad asthma days at each severity level: f(N), i=2,3,.. ,7. If i
is less than or equal to GDAY then N equals O (i starts at 2 as level 1
equal ed no synptons). In this case a termsuch as aon inautility function
woul d be replaced by:
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ar
a0*|\|2a2*N3a3. .. N (1)

wher e 3y axag...a7 are coefficients to be estimted.

A problemw th this approach is that for many individuals N wll equal zero
for many i levels as the i level is not considered a bad asthma day, or sinply
because no bad days occurred at that level. As a result, the sinple
mul tiplicative specifications and log transformations used in the analysis
need to be nodified. Equation (2) provides such a nodification.

o(a2°N2 + . . .+ a;*NI) (2)
A second problemw th this approach is one variable, N, is replaced with six
variables: N,N8, . . . N7; creating multicollinearity problenms. Therefore, in”
the analysis three new variabl es were defined as N23=N2+N3, MN45=N4+N5, and
N6 7=N6+N7.

A second approach is to incorporate the effect of different severity levels

into the coefficients on N For exanple, a term aONal inautility function
woul d be repl aced by:

(a. + a2*D2 + a?fD3+ a4*D4)*N**(b0 + b2*D2 + b3*D3 + b4*D4) (3)
where DO . 0 if GDAY > i
=1 if GDAY < i

ai, bi = coefficients to be estimated

The disadvantage of this approach is that two coefficients are replaced by
ei ght.

Al ternative Tax Bid Functional Form Specifications

Nunerous alternative utility function specifications were considered in
attenpting to derive a consuner’s surplus equation. The specifications are
presented using N for bad asthma days, with N replaced by measures accounting
for severity of bad asthma days in the analysis section. In general, the
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definition of the conpensating surplus neasure of consumer’s surplus is given
by:

u=u(Y, XN = u(Y-CS X NNR (4)
wher e:

u = Uility
u = An unspecified utility functional form
X = A soci oecononic or other characteristic
Y = | ncome

CS = Conpensating surplus nmeasure of consuner’s

surplus, neasured by the tax bid
N = Nunber of bad asthma days
NR = Nunber of bad asthma days reduced (= 5*N = N-NR due to the

specific nature of the WP question asked)

Uility function specifications are desired such that the first partia
derivative of utility with respect to N Is negative and the second partial
with respect to Nis greater than or equal to zero.

A sinple linear additive formas in Equation (5), where lower case letters
represent coefficients, plugged into Equation 4 results in a CS function as in

Equation (6).

u=aN+ bY + cX + dXY + eNY + fNX (5)

CS=-NRa + fX + eY)
b + eNR + dX (6)

The CS function is intrinsically nonlinear unless the coefficients d, and b or
e, are zero. If d and e are zero, the CS function is independent of income.

A Cobb-Douglas form as in Equation (7) has the unlikely result that CS
Equation (8), is not a function of the nunber of bad asthma days. The
Weber - Fechner utility function results in an identical CS function. [Note
also that N(NNR) =2 in this case study.]
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oS =y [1_ (N :R\) b3/b2] (8)

Furthermore, the resulting utility function (7) is undefined when N is zero.
In a practical sense this may be of little enpirical concern when nearly all
observations of N are substantially larger than 1 and deleting a few
observations at N=0 (or replacing by N1/2) would have mninal inpact on the
analysis. This problemis, however, aggravated when the total bad asthnma
days, N, is replaced with the nunber of bad days at each severity level, which
therefore requires a modification such as Equation (2).

Qther standard utility function specifications, including the CES, translog
and the Stone-Ceary, were exanm ned but found to result in highly conplicated,
intrinsically nonlinear CS functions.

O her forms were also considered. One alternative was to consider variations
on a Cobb-Douglas type of specification, as given in Equation (9), where f;(X
is an unspecified function of X and YP is the potential income wthout bad
asthma days. Wth bad asthma days, actual income, Y, is reduced in
relationship to YP as in Equation (10), by the termexp(-cN, and the ability
of the person to enjoy incone is further reduced by the term exp(dN),
resulting in utility function (11) and CS function (12).

u = fq(X) P (9
Y =y . eN (10)
U = £,00¥3eCN N = ¢ () vaghN (11)
s = v(1-e(D/A)NR (12)
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Equation (12) is an intrinsically nonlinear, yet unconplicated, function, but
iIs not a function of socioeconom c or other characteristics of the individual
Equation (11) has the nice property that if the individual were to have zero
bad asthma days, the function reverts to Equation (9). The introduction of
bad asthma days in Equation (11) reduces one's ability to produce and enjoy
incone, although these effects cannot be separated

If asthma requires preventative or responsive treatnent, this reduces

di sposabl e income and reduces utility. This treatnment effect could be entered
into the analysis, as was the reduction in earning ability above, by

mul tiplying the utility function by a termexp(-fN, which would result in a
consumer’ s surplus function given by Equation (13) and for which the

i ndependent effects of treatnment costs, income reduction, and enjoyment coul d
not be statistically separated.

Cs = Y(1-e((b+) /)Ry (13)

Al'ternatively, treatment costs could be incorporated as a linear reduction in
gross income resulting in a net income for consunption of other goods and
services entering into the utility function as Equation (14) and resulting in
CS Equation (15), which is intrinsically nonlinear

[
11

400 (Y- () e 2N (14)

cs = Y(1- e( b/ a) NR) +f 2(X) (e(2g+b/ a)\R. egl\R) (15)

Variations on each of the above specifications were estimated with both of the
GDAY repl acements.

A Digression on the Original Tax Bid Specification

The tax bid regression functional formin the original report as reestimted,
with a slight nmodification in the explanatory variable set, in Table 10

version 2, is related to CSfunction (15). Specifically, assume utility
function (16), which results in CS Equation (17), utilizing the condition that
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N-NR-NR-(I/#! inthis study, and where the term [f2(X)*Nb1*GDAYb2], is the
effect of asthma on nedical costs.

U = f(X[(Y-f,(X)Nlear??)] A lepayd? (16)
Cs = v(1-28Y) + (22101 qyp (0 NRPLepavh? (17)

Equation (17), which is intrinsically nonlinear, sinplifies to the |inear
equation reported in Table 10 version 2 if al=0. Mbreover, if incone is
uncorrelated with the other terns in the regression, as supported by

data anal ysis, the om ssion of incone, even if al is nonzero, would reduce the
expl anatory power of the regression, but not bias the other estinmated
coefficients. Therefore, to the degree that the GDAY specification of asthma
severity is appropriate, the original taxbid specification, as revised and
reported in Table 10, version 2, provides information that can be related to
underlying utility theory. To exanine the inportance of the income term

omssion in the original specification, as reported in Table 10, Equation (17)
was al so estimated.

Qher Non-Utility Based Specifications

The consistency check hypothesized that the tax bid should, at a mninum be a
function of the medical costs and the ranking of nedical costs. In the fina
tax bid sample, bids were retained in the sample if:

TAXBI D > R1*. 10* HEDVEH

where: Rl = rank of reduced MEDVHH (18)
MEDVHH = Vari abl e medi cal costs paid by the
househol d

unless the bid was rejected or accepted for sone other cause. The origina
report indicates using a threshold of 25 percent of MEDVHH This however
resulted in the sane sanple as if a threshold of 10 percent of MEDVHH was
used. The strength of this assunption was tested by estimating Equation (19).

TAXBI D = aORlal * NEDVHHEZ (19)
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2.4.3 Results

Al'l estimation was done with the SHAMAM package at the University of Col orado
using the same sanple as in the original report. Due to the volune of

results, and the limted additional insights provided, only a few regressions
will be presented and the results will be discussed in general. Reference
will be made to the models outlined in Equations (5) through (19) above. The
soci oeconom ¢ variables included in the nodel s include transformations on AGE
ADULT, SEX, and RTFM  (Variables are defined in Table 1). Al runs involving
nonlinear estimation procedures were reestimated with alternative starting
values to test the sensitivity of the results, resulting in several estimates
for each specification.

The GDAY Modification

Repl acing GDAY with other variables consistently decreased the ability of the
model s to explain the tax bids in a neaningful manner. The first approach of
using the number of bad asthnma days reduced at each severity level did not
increase explanatory power of any nodel, as neasured by the adjusted
R-squared. Cenerally, the mlticollinearity between these variables caused
instability in the coefficient estimates, especially for those specifications
that required the use of nonlinear estimation procedures.

Utimately the six bad day variables were reduced to three, N23, N45, and N67
as defined above. This still reduced the explanatory power of the nodels, but
with somewhat |ess instability of the coefficient estimates. Nevertheless, it
was usually the case that the coefficients for these three variables
alternated in sign. Cenerally, the coefficients on either NA5 or N67 were of
the expected sign, statistically significant, and substantially larger than
the coefficients for the other variables. However, it was not always

consi stent which of these two variables would be the significant variable,
perhaps reflecting continuing nulticollinearity problens.
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Repl aci ng GDAY by dummy variables generally resulted in much poorer results,
in terms of explanatory power of the regressions, than with the previous
approach. Referring to Equation 3, the a0 and b0 coefficients were generally
statistically significant and larger than the other coefficients. The a2
through a4 and b2 through b4 coefficients generally decreased in size, but
often alternated sign and were al nost always insignificant. Specifications
using this approach are not discussed further.

Al ternative Mdels

Nonl i near nodel s of Equation (6) vere estimated assumng the coefficients e
and d were equal to zero. In these nodels the coefficients on N23 and M5
were generally small and statistically insignificant (t-ratios always |ess
than 1.0), while the coefficient on N67 was consistently large and
statistically significantly with the expected negative sign. The estimated
coefficient on N67 consistently equaled -11.9 with a t-ratio of around 12.

The nodel specified in Equation (8) resulted in an estimate of b3/b2 not being
statistically different fromzero (with a t-ratio in the vicinity of .2). The
expl anatory power of the nmodel vas al so extrenely weak.

The nodel specified in Equation (15) vas estimated assumng the term
Y*(1-exp((b/a)*NR) equal ed zero so that linear transformations could nore
easily be nmade. Further, the terns involving NR vere replaced in the Equation
(2) using N23, N45, N67. Overall, the results vere statistically significant
at a 10V level with only the coefficient on NA5 being significant. The full
model Equation (15) was not estinmated due to the conplexity of the nodel when
replacing NR by N23, etc. Specifically, the nunber of coefficients and the
cross coefficient restrictions combined vith the sensitivity of the nonlinear
estimates to starting values, which increased vith nmodel conplexity, led us to
omt this estimation.

The nodel specified in Equation (17) vas estinmated several vays. First,
assumng al=0, or by omtting the first term the nodel is intrinsically
linear and can be estimated vith ordinary |east squares (QLS). These results
are the same as those presented in Table 10, colum 2. Next, the sanme
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abbrevi ated nodel (called the “linear nodel 17") and the "full nodel 17,” wth
all the terms in Equation (17), were estimated with the nonlinear estimtion
procedure to test for consistency of results. The coefficient starting values
for the nonlinear estimation were the coefficient estimates from OLS. The
results are sumnmarized in Table 12. An interesting result is the difference
between the size and significance of the NBADR coefficient (bl) in the same
"linear nmodel 17" when estimated with OLS and with the nonlinear procedure.

The nonlinear estimates of the coefficient and t-ratio are considerably

smal ler than the OLS estimate. In the nonlinear estimation of the “full node
17", the bl coefficient and t-ratio increase, but not to the magnitude of the
OLS nodel estimtes. However, the al termis insignificant, suggesting that
the OLS rmodel may be sufficient to estimate the CS function in Equation (17).
The log likelihood function value is lowest for this nodel as conpared to all
ot her nonlinear models estimated (including all other nonlinear CS functions
esti mated based upon Equations (6), (8) and (15)). However, linited credence
is placed in all nonlinear estimtes due to the substantial divergence between
the OLS and nonlinear estimates for the same nodel and the occasiona
sensitivity of the nonlinear results to starting val ues.

O her Mdel s

The results of model Equation (19) using the tax bid sanple are (with t-ratios
in parentheses under the estimted coefficients):

TAXRID = 3. I*RLL3*MEDVHH 08 R squared = . 1702
(3.6) (3.5) (.52) F (2,62) = 6.35

The rank of nedical costs does seemto be a highly significant determ nant of
the tax bid once the consistency criteria were net (that the tax bid equal ed
or exceeded the rank of nedical costs times at |east 10% of medical costs).

Finally, a revised “linear nodel 17" was estimated replacing NBADR and GDAY by
SEVbl, where SEV is the severity index measure. Wiile SEV was not significant
in earlier analyses, in this revised specification a bl coefficient of 1.69
was estimated with a t-ratio of 2.45 (see Table 13). The R-squared is .1303,
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Table 12
Conparison of Results for Equation 17*

"Full Nodel 17 TAXBID = Y(1-231) + (22 *Ly) NBADR’) * GDAy b2
oC1*SES+C2ADULT * AGE®

“Linear Mdel 17”: Full Mdel 17 without the tern1Y(L2a5

OLS Esti mates “Nonl i near Estimates**
Coefficient “Li near Mbdel 17" "Li near Mbdel 17" "Full Mbdel 17"
ll ***5. 64 3-6 = 089
(4.3) (-.77)
bl . 552 J111 . 184
(4.3) (1. 06) (2.5)
b2 1.08 . 665 1.02
(1.61) (1.19) (2.01)
c, - .47 - .o - .57
(-1.09) (-1.7) (-1.25)
C 77 1.5 1.4
2 (.98) (1.9) (1.5)
C3 -.68 -.58 -.46
(-1.21) (-.104) (-1.2)
R’ . 308
Log likelihood function value -509. 83 -510. 8

* t-ratios in parentheses. |f TAXBID = 0, TAXBID set = 1; If NBADR = 0
NBADR set . .5

**  Starting values = OLS estinates

*** Statistical significance cannot be deternined.
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Table 13
TAXBID as a Function of SEV Using “Linear Mdel 17"*

Dependent Variable: in TAXBID
Sample: Tax Bid Sanple

Variabl e
Intercept in (AGE) in (RTFM ADULT SEX in (SEV)
Coef fi ci ent - 3.0 -. 126 -. 0067 . 218 - .72 1.69
t-ratio . 68 -.18 -. 04 . 247 -1.44 2.4S

R = .1303
F (5.59) = 1.77

*inrefers to | og base e.
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however, the F-statistic is significant at only the 10 percent significance
level . These results are discussed further in Section 2.5.

In summary, the analysis still supports that the tax bids are functionally
related to the nunber of bad asthma days reduced or some other measure of
asthma severity. The OLS estimate of the “linear nodel 17" provides the best
overall fit of the data, in terms of Rsquared or value of the log |ikelihood
function measures. The results for this mdel are quite simlar to those
presented in the original report. The inconsistencies of the nonlinear
estimates suggest sone potential problems with the nonlinear estimation
procedure that make it difficult to evaluate the results.

2.5 TASK 5 - EMPIRI CAL REEXAM NATI ON OF TEE CONSI STENCY CHECK AND
WP/ CO CALCULATI ON  PROCEDURES

The medical cost data, rankings, and tax bids were used to conduct a

consi stency check on the validity of the tax bids and as one nmeans to estimte
the WIP/CO ratio. Unfortunately, in the original analysis the nedical cost
and tax bid equations were not estimated for the same asthma severity neasure.
Further, the use of the rankings to infer the expected size of tax bids
relative to medical costs has been questioned (see also Task 7discussion).
This section enpirically reexamnes the validity of the assunptions used in
the consistency check and in the calculations of the WP/ICO ratio

The consistency checks and cal cul ations of WIP/CO ratios were based upon
estimated changes in medical costs and tax bids for changes in asthma

severity, but the tax bid and medical cost equations used different measures

of asthma severity. SEV was used in the nedical cost equations because
preventative and responsive nedi cal costs would be expected to be based upon

all synptons, not just bad asthma days. Bad asthma days was used in the tax
bid analysis due to the fram ng of the question

The tax bid ‘Linear Mdel 17" was reestimted with B! in pl ace of

(Nﬂﬂj*(GW“bz) so that both the tax bid and variable nedical cost equations
use the sanme severity measure. The coefficient on SEV in the tax bid equation
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(Table 13) is 1.83 tinmes the SEV coefficient in the conparable specification
of the variable medical costs paid by the househol d equation (See Table 4.10
in the original report). Using these tw nodels (Tables 13 here and
4.10 of the original report) with the SEV neasures of severity, a 50 percent
reduction in asthma severity would increase willingness to pay, on average, by
1.83 tines the expected decrease in nedical costs. This provides additiona
evidence that tax bids shoul d exce@s msduced nedical costs. This finding is
al so consistent with the use of the nore lenient criterion that the tax bid
equal or exceed tme medical cost ranking times a 25 percent decrease in

medi cal costs. These results nust be caveated by the fact that the
statistical significance of the tax bid equation is very |ow when using the
SEV neasure in place of the nunber of bad asthma days. It is presumed this is
the case because the tax bid question was in terns of bad asthma days, not
severity, and because there is only a noderate correlation between the two
measures. Therefore, it is encouraging for the consistency check that the SEV
coefficient in the tax bid equation is substantially larger than in the

medi cal cost equation

The tax bid and medical cost equations were also reestimted for the nodel
presented in Equation (15) in Section 2.4 using asthma severity neasures equa
to the number of asthma days at alternative severity levels. However, there
Is limted consistency between the results of the tax bid and variable nedica
cost models making the results difficult to compare in terns of consistency
checks. Mt inportantly, in the tax bid nodel only bad asthma days at |evels
4 and 5 had a significant affect (positive) on the WP response, while in the
medi cal cost equation bad asthma days at levels 6 and 7 domnate (See Table
14). Some of these differences could be attributed to nulticollinearity
problens and/or to inappropriate nodel specification using the |inear node
appr oxi mati on.

A sinple alternative nmethod vas also devised to examne the validity of the
assunption that tax bids for a 50 percent reduction in bad asthma days shoul d
equal or exceed the rank of nedical costs tines the predicted 46 percent
reduction in variable nedical costs associated vith a 50 percent reduction in
asthma severity (using the nodel in Table 4.10 of the original report). For
this approach we sinply calcul ated the average TAXBID/AMEDVEH ratio for all
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Dependent Variable = in (MEDVHH)

Table 14

MEDVHH as a Function of Total Asthma Days
at Each Severity Level

Expl anat ory Coefficients/(t-ration)
Variabl e Tax Bid Samle Full Sample
in (AGE) -. 53 -, 37
(-1.2) (-.87)
ADULT 1.53 1.0
(.63) (1.8)
in (RTFM -. 10 -.09
(-1.0) (-1.0)
SEX .88 .78
(2.4) (2.4)
N23 -.88 E-5 44 E-3
(-.6 E2) (-.32)
NA5 -. 004 -. 004
(-2.0) (-2.0)
N67 -. 041 . 037
(2.57) (2.8)
| nt er cept 4.2 4.3
(3.4) (3.8)
R’ 3263 R . 2554
&2 2436 R? 1840
F (7,57) 3. 94 F (7, 74) 3.58
inis log base e.
Nij =total nunber asthma days at severity levels i + j.
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i ndi vi dual s who ranked medical costs first, then for all individuals who
ranked medical costs second, and so forth. The results are presented in Table
15. The average rankings are calculated for those individuals in the tax bid
sanple as well as for the full sanple except those with zero protest bids or

bi ds exceedi ng incone.

The results show a consistent pattern of increasing TAXBID/AMEDVHH as the rank
of MEDVHH increases, and the average TAXBID/AMEDVHH ratio exceeding the rank
of MEDVHH. The finding that when MEDVHH i s ranked sixth, the TAXBID/AMEDVHH
ratio 1is lower than the average ratio when MEDVHH is ranked fifth, is not
contradictory. When MEDVHH is ranked sixth, often other categories are also
ranked uninportant, or sixth. However, when MEDVHH is ranked fifth, all other
categories were ranked as nore inportant than MEDVHH The findings of this
anal ysis are supportive of the consistency checks and WIP/CO ratio

cal cul ation procedures, but due to small sanple sizes and |arge interpersonal
variation, the statistical significance of this analysis is limted.

Reexani nation Of The MEDVHH Equati on

Gven the additional attention to the respecification of the tax bid nodel, it
was decided to reexamne the sensitivity of the MEDVHH nodel to functi onal
form specification. The nmodel was respecified with several alternative
functional forms, different sanples (adults only, children only, all
respondents, the tax bid sanple), and with different severity nmeasures
including SEV, the nunmber of asthma days at different severity levels, and the
total number of bad asthma days weighted by severity.

Among the alternative severity measures, SEV consistently provided the best
statistical relationship to MEDVHH  Wile at least one alternative functional
form (the sem-1og exponential) and several subsanples, each using the SEV
measure, resulted in higher F statistics and R-squares than the nodel
presented in the original report, the estimated elasticity between SEV and
MEDVHH was not statistically different across any of the specifications. In
fact, this elasticity seldomvaried by nore than a few percentage points. As
aresult, it appears the relationship between SEV and MEDVHH, as neasured in
the previous analysis, is quite robust to nodel specification.
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Tabl e 15
Aver age TAXBID/AMEDVEH Rati 0
by Rank of Medical Costs

Ranl_( of * %
Medi cal Costs 1 2 3 4 5 6

( MEDVHH)
. Tax Bid Sanple
x = 1.32 3.73 9.83 14.68 93. 97 42.02
TAXBID/ AMEDVHH*
SEx .54 2.52 3.74 6.67 33.74 19. 33
N (Total = 65) 11 9 17 5 4 20

1. Full Sanple wo Protest zero bids (includes some bids deleted in Tax Bid

Sanmpl e)
x 9.09 3.39 9.54 14. 68 75.41 39. 13
SEx 7.78 2.06 3.53 6.67 32.05 16. 14
N (Tot al =75) 12 11 18 5 5 24

*  Change in MEDVHH assuned to equal .46 variable nedical costs. See
original report consistency check

** A rank of six was assigned if the category was |isted as not inportant.
O'ten many categories were listed as not inportant. However, when nedica
costs are ranked 5th, all other categories were ranked as nmore inportant.
Therefore, it is reasonable that x is smaller when MEDVHH i s ranked 6th
than when MEDVHH is ranked 5th.
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2.6 TASK 6 - WP FOR THOSE WHO M Tl GATE

The purpose of this task was to examne the differences in theWP tax bid
responses for those who did and did not change their behavior in association
with expecting a bad asthma day and being concerned about air pollution

VWhi ch group woul d be expected to have a higher WIP is not entirely clear. On
the one hand, those who mitigate mght have a |ower WP for changes in
environmental conditions that could inprove their asthma because they perceive
that they can effectively mtigate the effects on their asthma by changing
their behavior, while others may not be able to mtigate due to schedul e
constraints or other reasons. On the other hand, those who exhibit nmitigating
behavi or mght have stronger preferences for reductions in asthma synptons and
m ght therefore have a higher WP for inprovenents in environnental conditions.

Two groups of adults were defined as follows:

Goup 1 reported some workloss, some change in leisure activity, or some
change in sleep to avoid having or worsening asthma synptons on at |east one
day on which they expected a bad asthma day and were concerned about air

pol | uti on.

Goup 2 reported no workloss, no change in leisure activities, and no change
in sleep to avoid having or worsening asthma synptons on all days on which
they expected a bad asthma day and were concerned about air pollution.

The nean tax bids for each group of individuals who passed the ninina
consi stency check were as follows:

Group N Mean Mn Max Vari ance Std Error of the Man
1 13 $462 10 1500 201386 124
2 9 $972 0 5000 2470694 524
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The nean of group 2 is higher than the nean for group 1, but due to the snall
sanpl e sizes these means are not statistically significantly different.

2.7 TASK 7 - |NTERPRETATI ON OF RANKI NGS

An inportant conclusion of the previous analysis was that the results of the
study suggest that willingness to pay (WP) estimates for reductions in asthna
synptons are probably about tw ce the nagnitude of cost of illness (CJ)
estimates including medical costs and workloss. This conclusion was based in
part on the results of the subjects’ rankings of the benefits of inprovenents
in asthma. The consistency check used to evaluate the tax bid responses was
al so based in part on the rankings.

Before being asked to estimated their wllingness to pay for prograns that
would result in an inprovenent in their asthma synptons, respondents were
asked to rank, in order of inportance to thenmselves, a |ist of five possible
benefits that mght result if their asthma were to inprove. These benefits
were related to different ways that changes in the severity of an individual’'s
asthma mght affect his or her utility and therefore reflect the different
things that woul d determine the individual’s willingness to pay to obtain an
i nprovenment in asthna.

In the analysis of the ranking results, it was assumed that wllingness to pay
for each of the individual benefits would follow the same order as the
rankings. For example, if having |ess pain and suffering were ranked nore
important than having | ower medical expenditures, it was assunmed that
willingness to pay for |ess pain and suffering wuld be greater than

wi | lingness to pay for lower nedical expenditures. This assumption that there
is sone predictable relationship between the rankings and willingness to pay
is inportant to the conclusion that WP exceeds CO by about 2. Since sone
questions have been raised about this assunption, some discussion of its
rational e seemed nerited.
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The primary question seens to be that medical expenditures are undertaken in
order to reduce synptoms and therefore to obtain some of the other benefits.
It seems potentially problematic to say that reducing pain and suffering or
reducing workloss is worth nore to the individual than reducing medical costs
because they rank the former higher than the latter, since medical costs are
incurred in order to reduce pain and suffering, prevent workloss, and obtain
other benefits. Qur interpretations of the rankings as they relate to
willingness to pay for each benefit category presumes that the pain and
suffering being considered, for exanple, is that which remains after medica
treatnent is undertaken. It is presunmed that the individual has already
chosen the amount of medical treatment and |ifestyle adjustnents that
maximzes his or her well-being, but it is likely that sone disconfort
remains. A reduction in asthma synptons woul d therefore mean both a reduction
in disconfort and a reduction in medical expenditures and lifestyle

adj ustments that woul d be required to keep the person in a position of

maxi mzing his or her well-being.

To illustrate this more concretely, consider the following sinple utility
nodel

u=UuxH (1)
Wher e:

U=utility

X = consunption of goods and services with price per unit set equal to 1

to sinplify the analysis, /& > 0
health, 3u/8d > 0

I
1

The individual's health affects utility by affecting physical confort, ability
to undertake desired activities, etc. Individuals influence their health in
the follow ng way:

H = H(MP,2) (2)
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\Wer e:

M= preventive and/or synptomrelieving nedical treatment with price per
unit set equal to 1 to sinplify the analysis

external factors such as pollution exposure

i ndi vidual characteristics

N T
1 1

There is a sinultaneous relationship between H and M such that
M= MHI)
Where:
| = incone

The individual's health will also affect the amount of income |[ost due to

i Il ness:
L = L(H) (4)
VWher e:

L = lost income due to illness

Mand L are presuned to have no direct effect on utility, but to affect
utility only through H and the budget constrain! (affecting the anount of

money available for X). The individual can be expected to maximze incone
subject to the budget constraint:

I<M+X+1L (5)

If the individual were fully able to trade off nedical expenditures and

heal th, he woul d choose the amount of medical expenditures such that the
mar gi nal cost equal ed the value to himof the marginal inprovement in health
obtained. The tradeoff is, however, linited because there are sel dom
treatments available, at any price, that can relieve all synptonms. The
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i ndi vi dual can be expected to maximze utility subject to the feasible
treatments available to him

If an external factor that influences health, such as air pollution, changes
for the worse, then Hwll decline if the individual does nothing, causing an
increase in disconfort, activity restriction, and incone |ost due to illness
The individual, however, can be expected to increase M if possible, to offset
to some extent the adverse effect on H The total change in utility that
woul d result froma change in P once the individual has adjusted to a new
utility maximzation would be

% -dM, 3V, M  dU, 3L, dE (6)
X dP o P dX sH dP

where dM and dH represent the total changes in Mand H that occur once the
i ndi vidual has made the optimal adjustment.

Qur interpretation of the rankings presunmes that the questions regarding
disconfort, activity restrictions, and workloss refer to the d#/dp rather than
38/3P, the latter having been possibly offset to some extent by a change in M
This interpretation is valid as long as the respondents were considering the
net effects of asthma that occur after optimal readjustnent of nedica
treatment has been undertaken. Al though they probably do not think of it in
those terns, they are quite famliar with the degree to which nedica
treatment can relieve their synptons. It would be expected that an individua
who is able to fully control his or her asthma synptons with nedication woul d
rank reduction in medical expenditures as the nost inportant benefit of an

i nprovement in asthma and the other benefits as uninportant. This appears to
be a reasonable interpretation, but cannot be enmpirically tested w thout nore
information fromthe subjects.

If this assunption is not correct, the use of the ranking results to devel op
an alternative estimate of the WIP/CO ratio and for the consistency check is
not valid. This would not, however, affect the estimated WIP/CO ratio based
on the tax bid responses and the predicted change in nedical costs. In this
case, the rankings were used only to support the assunption that the average
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change in work |oss equals the average change in nedical costs because these
were ranked the same, on average. The WIP/CO ratio estimated this way was

about 1.6, in the same range as the estimates using the rankings in other ways.

2.8 TASK 8 - VALUE OF | NFORMATION STUDY

Information on ambient air pollution levels may be of value to asthmatics if
they could use that information to optimally adjust their behavior to mnimze
exposure that may adversely affect their asthnma and thereby reduce the
expected |evel of asthma synptoms.” Such a study, if possible, may be able to
indicate what |levels of information efforts, such as snog alerts, should be
undertaken and whether it would be nore efficient, in terms of social welfare,
to increase information about occasional air pollution incidents rather than
to try to prevent each incident from occurring

Several pieces of information would be required to conplete a value of air
pol lution information study for asthmatics:

1. Knowege or assunptions concerning how asthnatics receive and process
the informtion

2. A relationship between information about potentially adverse
conditions and the resulting actual behavior undertaken to mtigate
adverse inpacts. The optimal behavioral adjustments, in terms of
reducing asthma synptons, may not be the actual behavior adjustnents
undertaken because of other benefits, costs and constraints faced by
the individual

3. Afunction relating alternati ve behaviors (active, inactive, etc.) in
alternative environments (indoors, outdoors, at work, at leisure
etc.) to changes in air pollution exposure and then to changes in
expected asthma synptons for that exposure level and activity type.
From this function changes in behavior could be translated into
changes in expected asthma synptoms severity.
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4, A function relating alternative levels of asthma synptom severity to
val ue.

It appears inpossible to undertake a value of information study wth the
available data. Assunptions could be made to fulfill step 1 using the
perceptions information discussed in Section 2.2. The tax bid analysis also
provides sufficient information for step 4 However, information for steps 2
and 3 are inconplete, or conpletely absent. As discussed in Section 2.3 of
this report, the evidence is weak concerning behavior adjustnments as a result
of perceptions and expectations about adverse air pollution (Step 2). At
present, one could only estimate the value of information based upon an
assunption of what changes in behavior could be, if all other information were
avail abl e
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30CORRECTED PAGE 4-37 OF ROWE AND CHESTNUT (1985)

Sanpl e Sel ection for Tax Bid Anal yses

For subsequent tax bid analyses a nunber of observations were deleted. The
reasons for these deletions and the nunber of responses involved are summarized
below. Bids were deleted if:

1. NBAD equaled 0, due to the respondent’s selection of a maximm good day
value that indicated that there were no bad days to reduce (perhaps their
asthma is in remssion), and the tax bid was greater than or equal to
$100/ year ($950 average). In this case the bid could not be to reduce
NBAD, as we had neasured it. (4 respondents)

2. NBAD was |ess than or equal to 3 (1/13 the sanple average) and the ‘tax
bid was greater than or equal to $1000/year (nore than tw ce the sanple
average). As with the respondents who fell in category #1, there were
few bad days to reduce. It appears these respondents answered the tax
bid question in terms of reducing overall severity rather than bad days.
It may be the case that nost respondents answered this way, but the
di fference between reducing overall severity and bad daysbecomesless
significant as the nunber of bad days increase (see consistency checks
bel ow). (3 respondents)

3. The tax bid equal ed zero, nunmber of bad days exceeded 9, variable nedica
costs exceeded $75/year and generally were not ranked first (6 or 7), and
a rejection response was given on the zero bid followup question (30b).
It is likely many of these respondents sinmply rejected the tax bid
question as unrealistic or in sone way objectionable or |ess desirable
than other approaches. (7 respondents)

4, Tax bids were less than or equal to $50, nunber of bad days was greater
than 75 and the tax bid/ nedical cost/ranking consistency check woul d not
wor k even using one-tenth of nedical expenditures (see section on
consi stency checks). It appears these respondents were not willing to
pay to reduce asthma through the vehicle provided. (2 respondents)

5. No tax bid response was provided. (1 respondent) In sone analyses, this
i ndi vidual was included as a valid zero bid because the estinated nunber
of bad asthma days was zero and yearly variable nedical costs were
estainted as $22.
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