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PREFACE

The notivation for this volunme originated in the authors' nutual and
rei nforcing convictions that economc analysis and its techni ques of enpir-
ical application could contribute to the resolution of certain puzzles in
studi es of the incidence and severity of diseases in human popul ati ons,
particulary the epidemology of air pollution. The prior works of Lester
Lave, Eugene Seskin, and V. Kerry Smith have provided an excellent base from
which to initiate our efforts. These researchers, in addition to Dennis
Ai gner, Shel by CGerking, Leon Hurwitz, and Roland Phillips have al so provided
many worthwhile comments and criticisnms. None of these individuals are
responsi bl e, however, for the results we have obtained



ABSTRACT

This study enploys the analytical and enpirical nethods of econonics
to devel op hypot heses on disease etiologies and to value |abor productivity
and consuner | osses due to air pollution-induced nortality and norbidity.
Since the major focus is on nethodol ogi cal devel opment and experinentation
all the reported enpirical results are to be regarded as tentative and on-
going rather than definitive and final

Two experienents have been conducted. First, using aggregate data from
sixty US cities, 1970 city-wide nortality rates for major disease cate-
gories have been statistically associated with aggregate popul ati on charac-
teristics such as physicians per capita, per capita cigarette consunption
dietary habits, air pollution and other factors. Dietary variables, snoking,
and physicians per capita are highly significant statistically. However, the
estimated contribution the latter variable nakes to reducing nortality rates
becones evident only after we recognize that human beings attenpt to adjust
to disease by seeking out nmore nedical care. The estimated effect of air
pollution on nortality rates is about an order of magnitude | ower than sone
other estimates. Nevertheless, rather small but inportant associations are
found between pneunonia and bronchitis and particulates in air and between
early infant disease and sulfur dioxide air pollution.

The second experinent, which focused on norbidity, enployed data on the
generalized health states and the time and budget allocations of a nationw de
sanpl e of individual heads of household. For the bulk of the dose-response
expressions estinmated, air pollution appears to be significantly associated
with increased tine being spent acutely or chronically ill. Ar pollution,
in addition, appears to influence |abor productivity, where the reduction
in productivity is measured by the earnings |ost due to reductions in work-
time. The reduction in productivity and to air pollution-induced chronic
il ness seens to be nmuch larger than any reductions due to air pollution-

i nduced acute illness.
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CHAPTER |
| NTRODUCTI ON TO VOLUME

Vol ume | focuses on devel opi ng net hodol ogy for valuing the benefits
to human health associated with air pollution control. Air pollution may
affect human health in three ways: (1) by increasing nortality rates
(2) by increasing the incidence and the severity of chronic illness
(norbidity), and (3) by increasing the incidence and the severity of
acute illness (norbidity).

A nunber of approaches for determning health effects and val uing
them in economc ternms are developed within the study. First, if a dose-
response relationship is known between nortality rates and air pollution
or between days lost fromwork due to illness (productivity loss) and air
pol lution, economc |osses can be approximated. |In the forner case, one
nust know how consuners value increased safety. Thus, if air pollution
control reduces risk of death fromair pollution related disease, studies
of the value consuners place on safety in other situations -- on the job,
in transportation, etc. -- can be applied to nmeasuring, the benefits of
pol lution control programs. Note, however, that valuing safety for small
changes in risk is very different fromthe alternative of valuing hunan
life through lost earnings -- an approach rejected here. Rather, the
focus is on exam ning the value of safety to individuals; that is, how mch
consumers are willing to pay for safety obtained through pollution control.
For norbidity |osses, lost time fromwork and | ost productivity during
hours of work can be relatively easily valued using observed wage rates.

A second approach for valuing the effects of air pollution on hunan
health is to attenpt to observe the effect of air pollution directly on
econom ¢ factors, thus avoiding the necessity of devel oping dose-response
relationships. |If one can develop relationships enploying data on wages
weal th, soci oeconom ¢ and health status characteristics as well as air
pol lution concentrations, consunmer willingness to pay to avoid illness can
be derived. W termthis second nethodol ogy the willingness to pay approach.
It is based on traditional mcroeconomc theory.

Volume | contains two experinents. First, a data set on sixty US.
cities is explored to determne if sone of the problems of ag?regate
epi dem ol ogy -- epidem ol ogy using aggregate data on groups of individuals
as opposed to data on individuals -- can be overcone. The study attenpts to
estimate a human dose-response function wherein city-wide nortality rates for
maj or di sease categories in 1970 are statistically related to popul ation
characteristics such as doctors per capita, cigarettes per capita
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information on dietary patterns, race, age and air pollution. The study is
unusual in two respects. First, it is the first such aggregate epideniologica
study of the effect of air pollution on nortality to include dietary variables,
which, along with snoking and nedical care, prove to be highly significant.
Second, it may be the first study using aggregate data to account for the

fact that human beings will attenpt to adjust to disease by seeking out

nmore nedical care. Thus, cities with high nortality rates are likely to

have nore doctors per capita. This adjustnment process has in the past
prevented an estimate of the direct effect of doctors on the prevention of
disease. An estimation technique for handling this bias problemis enployed,
which identifies the contribution nmedical care makes in reducing nortality
rates. The inpact of including these new variables in the analysis is sub-
stantial .

The second experiment focuses on morbidity rather than nortality. It
enpl oys data on the health and the time and budget allocations of a random
sanpling of the civilian popul ation nationwi de. The sanple, which was
col l ected by the Survey Research Center of the University of M chigan,
consi sted of approximately 5,000 heads of households for nine years from
1967 through 1975. Generalized measures of acute illness, stated in
terns of annual work-days ill, and of chronic illness, stated in terms
of years ill, are available.

The procedures used to estimte dose-response expressions have two
somewhat unusual features: (1) care has been taken to enploy as expl ana-
tory variables only those factors not influenced by the individual's current
decisions or health status; and (2) by randomy draw ng different sanples
of individuals, substantial effort was devoted to replicating results.

This volunme begins in Chapter Il by discussing the role of econonic
analysis in epidemology. W then introduce in Chapter Il the formdable
list of statistical problens faced by epideniol ogical analysis of air
pollution. Finally, Chapters IV and V present the Sixty-Gty and M chigan
Survey Experiments, respectively. Chapter VI presents additional econonic
results on the valuation of air pollution-induced morbidity.



Chapter |1
SOME | SSUES

2.1 Epideniol ogy and Economi cs

The notivation for this volume originated in the authors' nutua
and reinforcing convictions that economc analysis and its techniques of
enpirical application could contribute to the resolution of certain puzzles
in studies of the incidence and severity of diseases in human popul ations,
particularly the epidemology of air pollution. The results of our initial
efforts to provide enpirical support for this perspective are presented
in succeeding chapters. Before proceeding to these chapters, however,
it is necessary, in order to display the basic rationale for our enpirica
efforts, to explain our position that econonm cs has sone worthwhile things
to offer epiden ol ogy.

Many reviews of the epidemological literature dealing with pollution
have renmarked upon the relative |ack of consistent findings across studies
for the effects thought to be caused by any one pollutant. Various reasons
are typically advanced for these inconsistencies: inadequate characteriza-
tion of the pollutants; the use of nonconparable, and sometimes questionable,
estimting techniques; failure to account for other environmental influences
and self-induced health stresses such as anbient tenperature and cigarette
snmoking; failure to distinguish between pollution levels at work and at
home; insufficient attention to differences in genetic endowrents, and
other factors. The list is sufficiently long and repetitive to be re-

m ni scent of the beat of a sonber mlitary cortege. This march has two
el enments: measurement error and specification error

The first error element refers to the fact that some variables included
in epidem ol ogi cal studies are inaccurately neasured. Sources of error of
this sort, however, are hardly unique to epidemology. They are at |east
equal |y comon in enpirical applications of economc analysis and will
therefore be accorded our scrutiny when we discuss our enpirical efforts.
For the noment, we wi sh to consider those possible sources of specification
error in epidemological studies that have a basis in the nicroeconomc
theory of the behavior of the individual human being. CQur fundanmental point
is that human beings, the objects of epidem ol ogical attention, make
purposive choices with respect to health states and phenonena that influence
health states. To the extent that health states are a result of the
individual"s purposive acts, one nust explain these acts in order to
conprehend the determinants of the health state. M croeconom cs provides
a neans for grasping the determ nants of the individuals's purposive acts.
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Acceptance of this perspective adds another dinension (in addition to the
social provision of preventive and ameliorative medical inputs) by which
social policy can influence the health states of the population, i.e., those
factors that influence choices of acts affecting health states can serve as
policy instrunents.

Specification error occurs in epidemology (and in econom cs) when
sone varibles relevant to the explanation of variations in the health
state of interest are inproperly introduced or are altogether excluded from
the analysis. The biased and incosistent estimates that are the result
of excludi ng nonorthogonal explanatory variables froman expression to be
estimated are well-known and intuitively obvious in any case. One can
hardly, for exanple, expect to obtain an accurate estinmate of the inpact of
cigarette snoking on circulatory diseases if the ages of the sanple
individuals are not controlled. Less obvious, however, are the reasons
why conmon econoni ¢ variables such as prices often are relevant to
epi dem ol ogi cal anal yses and why certain variables, both biologic and economc
are sonmetimes inproperly introduced to these anal yses.

Sone of the most widely known findings in the epidenmology literature
concern the respiratory effects (cancer, acute bronchitis, enphysena, the
common cold, and pneunonia) of air pollution. View the absence of these
respiratory effects as an output that can be reduced by various conbinations
of clean air and aneliorative nedical care, where the latter are considered
to be inputs. The literature suggests that there are significant differences
in the input-input ratios and in the input-output ratios anong various
| ocal es, where these locales frequently differ in population size. Suppose
it has been observed that:

1. Per capita absence of respiratory diseases is inversely associated
with city size.

2. Per capita availability of ameliorative nmedical care is directly
associated with city size.

3. Per capita absence of respiratory disease is directly associated
with per capita availability of clean air and aneliorative nedica
care.

4, Per capita clean air is inversely associated with city size.

5. Respiratory disease absence per unit of clean air and aneliorative
medical care is directly associated with city size.

Do the five observations have sufficient informational content to justify a
judgment that the dirty air often found in |arge popul ation concentrations

is associated with greater incidence of respiratory diseases and is therefore
a plausible cause of these diseases? It would not be surprising if different
epi dem ol ogi cal investigators drew a variety of largely contradictory conclus-
ions about the relationships between respiratory diseases, clean air, and
aneliorative medical care fromthese five observations. Contradictions are
perhaps inevitable because the ratios expressed in the observations wll

often be inappropriate means by which to attenpt to nmake judgnents about
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the relative susceptibilities of human beings to respiratory diseases.

An intuitive notion of the incidence of a disease refers to the fre-
quency of occurrence, given particular levels of instigating factors. In-
tuition is sonmetimes nisleading. Cbservation (1) suggests that small cities
have |ess incidence because they have |ess respiratory disease. Cbservation
(5) leads to the opposite conclusion since large cities have fewer respiratory
diseases relative to their clean air. But observation (4) makes small cities
| ook favorable because of their greater provision of clean air. O do large
cities subject their populations to greater incidence of respiratory effects
by having fewer units of ameliorative medical care available? Chservation
(3) again favors small cities because of the greater per capita availability
of aneliorative nedical care.

One m ght suspect from (5), (4), and (2) that larger cities have more
anel iorative nedical care relative to clean air than do smaller cities. The
former have dirtier air and thus try to conmpensate by providing additiona
aneliorative medical care. It is thus not surprising that the ratio of
of absence of disease per unit of available medical care favors the larger
cities. An alternative interpretation of (3) is that disease frequency
increases with city size not only because of dirtier air but al so because
the price to the consumer of medical care is greater than in smaller cities.
Geater prices of these services for the consuner can inply greater returns
for the profession that provides these services. Geater returns attract
these professionals, resulting in greater availability of their services
However, these same higher prices also mean that sufferers froma respiratory
di sease of given severity will seek out |ess aneliorative nedical care.

Are then these prices, the dirty air, or the consunption of nedical care the
causes of the incidence of the respiratory disease? Recognition that they
are intertwined is a significant but insufficient step. The nature of the
intertwining remains to be explained.

2.2 \Wen M croecononmics Doesn't Matter

M croecononm ¢ anal ysis specifies the conditions under which decision-
makers (human beings) are expected to have identical ratios of inputs and
outputs. Basically, these identical ratios would occur if: (1) all
deci si onnmakers had identical biological endowrents and transformed inputs
into health states in precisely the same fashion; (2) all decisionmkers
faced the same prices in (inmplicit and explicit) input and health state
markets; (3) all decisionmakers had the sane real incone; and (4) al
deci si onnmakers had identical preference orderings. If all these conditions
were fulfilled with respect to a particular pollutant, only one point could
be observed on the epidem ol ogi st's dose-response curve: there would be no
variation whatsoever in the observabl e behavior of individuals.

V¢ neverthel ess observe decisionmakers in the real world with simlar
states-of -health who have different biol ogical endowrents and varying ways
of transformng inputs into these health states. One can, of course, pass
muster in explaining the real world by assum ng that decisionnmakers (?) behave
randomy or that all health states, whether present or future, are determ ned
by physical or biological factors beyond the decisionnmaker's present control.
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This is no different than assuming that the decisionmaker is abysmally

i gnorant of cause-and-effect with respect to health states or that he just
does not care about his health state. |f any of the conditions in this
paragraph are in fact true, then current epidem ol ogical precedures, which
tend to give short shift to economc variables and which inplicitly treat
the individual as being conpletely unable to exercise influence over events
that affect his choices, are entirely satisfactory. This abrupt statenent
requires clarification

Panel s | through VI of Figure 2.1 represent two unit isoquants (loci of
poi nts showi ng all conbination of two inputs that will yield equal health
states) for inputs X, and X, (e.g., medi cal care and clean air), with the
current positions of decisionmakers R (a rural person) and C (a city person)
i ndi cated. Each isoquant represents the sane state-of-health as the other
I soquant. Note that the effectiveness of each input in providing the unit
health state for each individual is assunmed to decline progressively as nore
of one input is substituted for the other. Thus additional nedical care
becones progressively less effective as the air becones dirtier. Simlarly,
cl eaner air becones an increasingly poor substitute for nedical care as
| ess and | ess nedical care becones avail able.

Al'l panels are drawn so that on the basis of his state-of-health per
unit of clean air, decisionmaker Cis in better shape than decisionnaker R
Conversely, decisionnmaker R does better than Cin ternms of his health state
per unit of nedical care. In each panel, therefore, C uses relatively |ess
clean air and R uses relatively less nedical care to attain the unit health
state. This situation is consistent with the previous five observations on
t he associations between city size, clean air, and anmeliorative nedical care.

Panels | and Il refer to the case where the question of whether
econom ¢ variabl es shoul d be included in dose-response function analysis,
and, if included, how to include them need never arise. The clean air
and nedical care each individual requires to attain the unit health state
are determned by physical and biological (technical) considerations alone.
Purely econom ¢ considerations play no part. Nevertheless, the two panels
do provide insights about cautions to exercise when attenpting to establish
dose-response functions by studying several individuals at one instant in
calendar tine. In Panel |, in the absence of know edge about the isoquants
of Rand C, any attenpt to establish the popul ation dose-response function
by averaging over the current positions of Rand Cis doomed to be a
msrepresentation.  The unit isoquants of Panel | belong to dose-response
functions that differ not only by a constant term but which al so enbody
entirely different responses of health states to particular com nations of
nmedical care and clean air. The "average" or popul ation dose-response
function or isoquant established by pooling a single medical care-clean air
conbi nation fromeach isoquant will differ according to where each individua
happens to be on his isoquant when he is observed. For exanple, the average
of Rand C differs substantially fromthe average of R and C. If and only
i f several nedical care-clean air conbinations for each individual were
observed could a representative dose-response function be obtained. This
woul d generally require that several observations over tine be nmade of each
i ndi vi dual .
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In Panel 11, several observations of each individual over tine are not
required because the isoquants belong to dose-response functions differing
only by a constant term This termcould represent differences in biologica
endownents, chil dhood environment, previous lifestyles, and other factors with
whi ch epidem ol ogists traditionally deal. These same factors, however,
could al so explain the nonconstant difference between the isoquants of Pane
|. Cearly, the current situation favors individual Cin Panels | and I
since he is able to attain the unit health state with smaller quantities
of both nedical care and clean air.

Panel Il introduces the economc information of relative prices and
the income that each individual has already decided to devote to health
mai nt enance. Assune, for the nonment, that each individual has decided to

devote the same incone and faces exactly the same prices for nedical care
and clean air. The result is that individual Ris unable to attain or main-
tain the unit health state, although individual C, given his income and the
relative prices, is fully able to do so. Individual R due to his economic
circunstances and his dose-response function, nust settle for something |ess
than the unit health state. Both biological and econonic factors inhibit him
from reaching the unit health state. Insofar as health states do not affect
incones and relative prices, this panel would appear to justify the common
epi dem ol ogi cal practice of introducing incones into a dose-response expres-
sion that is to be estimated. Panel |V, which has the incones of the two
individuals differing but presunes they continue to face identical relative
prices, also seens to justify this practice. The justification is a mrage.

If the objective of epidemological investigation is to ascertain
the extent to which various physical and biological factors contribute to
differences in the R and Cisoquants, then the introduction of income into
a dose-response expression nmust reduce the estimated inpact of inputs such
as the medical care and clean air of Panel 1V. The introduction of incone
is redundant. Income, along with relative prices and the formof the isoquants,
determnes the quantities of nedical care and clean air each individua
consunes. As the panels indicate, for given relative prices, the greater
the individuals's income, the nore health care and clean air he wll consune,
assumng he has not yet reached the unit health state. The quantities of
medi cal care and clean air that enter the dose-response function estimte
are thus partially determned by each individual's incone. Thus the latter
is a measure of the fornmer and must capture part of the influence that
woul d and shoul d otherwi se be attributed to clean air and nedical care.
Bluntly, epideniological studies that include income reduce the odds that
clean air will be seen as contributing to good health. The degree to which
this reduction in odds is worthy of concern is dependent upon the extent
to which income determnes the consunption of clean air. The little evidence
that is available indicates that at |east within individual cities the
associ ation between incone |evels and cleaner air tends to be quite high.

Panel V depicts a situation where individuals R and C have nothing in
common:  they have different unit health isoquants, devote different incone
level s to health maintenance, and face different relative prices for nedica
care and clean air. Both individuals consune simlar quantities of medica
care but radically different quantities of clean air. Again, however, the
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epi dem ol ogi st interested solely in dose-response functions can safely negl ect
giving any attention to incomes and relative prices, for these serve only to
determne the quantities of medical care and clean air consuned that directly
determ ne health states. Nevertheless, this conclusion does not justify
appeal ing to observations simlar to those mentioned in the previous section
as grounds for judging that clean air inproves health states.

There are several alternative explanations for the ratios expressed in
these observations. Different individuals may have different dose-response
functions. Sometimes these differences may be captured by a constant term
at other times, the slopes of the functions nay be dissinilar, invalidating
attenpts to ascertain popul ation dose-response functions solely by observing
each sanple individual only once. Moreover, variations in individual incones
and in the relative prices of health inputs may be the cause of the observed
ratios. This inplies that the policynmaker can influence the quantities of
these health inputs consumed by doing nothing nore than manipulating a |imted
set of purely economc variables. Under the conditions specified in this
section, however, these variables have no bearing on estimating, via standard
epi dem ol ogi cal procedures, the responses of the human organismto variations
in the quantity of clean air.

2.3 Wen M croeconom cs Does Matter

The preceding section enployed stated, but not very visible, assunptions
to arrive at the conclusion that epideniological studies err when they devote
attention to economc variables in attenpting to establish dose-response

functions. In particular, it was assumed that the individual had already
deci ded the resources he woul d dedicate to health maintenance and that this
decision did not influence any other decisions he mght make. If either or

both of these assunptions are inaccurate descriptions of reality, then

m croeconon ¢s does matter in the determnation of dose-response functions.
The assunptions had the effect of removing the purposive nature of the
human being from consideration: all the individual's choices were presuned
to have already been nade.

In inplicit form a good approximation of the expressions that epidem o-
| ogi sts frequently use to estimate the response of a particular nortality or
morbidity effect to a particular environmental exposure is:

'ﬂ'i = fi(X,Ysst’E)s (2 1)

where w. is the probability of the ith individual dying or becoming ill from
the exposure; X is a vector of available aneliorative medical care inputs;

Y is a vector indicating the individuals's socioeconom c class, nedical history,
ethnic group, etc.; Zis a vector of the individual's activities representing
lifestyle habits such as diet and exercise regimens; Eis a vector of en-
vironnental exposures that, a priori, are thought to be physical or biol ogica
instigators of the health effect; and € is a stochastic error

The formof £,(.) is typically unknown and nust therefore be approxi mated,

perhaps by a Iineariexpression. The coefficient attached to the exposure
of interest would, given an acceptable |evel of statistical significance, then
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be interpreted as the increase in the health effect incidence caused by a
one-unit change in the exposure. Wuld it then be reasonable to infer a
dose-response association fromthe coefficient of the exposure variable?

The aforenentioned inference would be correct if and only if it is
possible to alter the environmental exposure without altering the value of
any other explanatory variables in the expression. |t is easy to show that
this cannot be done when the structure is presumed to consist of no nore
than one relationship. The reason is that (2.1) contains at |east two
variables, the current and future levels of which are subject to at |east
some control by the individual; that is, during the period in whichit is
thought the health effect can occur, the individual can influence by his
voluntary choices the nmagnitude of explanatory variables supposed to
determne the health effect. For exanple, the probability of the individua
suffering the health effect, =, is dependent upon the extent to which he
chooses to use the available nedical care and the mx and nmagnitude of
activities he chooses to undertake. In order to explain the health effect
outcone, one nust also explain the structure underlying these choices. The
fol l owing sinple exanple shows one way in which = and Y, interpreted as
income, mght be jointly determ ned.

If both the = and Y functions can be linearly approxinmated, they can
be witten as:

RN S A R T (2.2)

Y= 8+ B, + A+ BS+ KL+ ¢, (2.3)

Expression (2.2) states that the question of whether or not the individua

is suffering fromchronic bronchitis is related respectively to the non-cig-
arette bronchitis-causing agents (e.g., air pollution) to which he is exposed
the ameliorative nedical care he consunes, his income, and the nunber of
cigarettes he smokes. In turn, (2.3) states that the individual's incone

i's determned respectively by whether or not he has bronchitis, his absenteeism
rate, his schooling, and the Iength of time he has been on the job.

Solving (2.2) and (2.3) for ™ al one, we have:

ml-l-‘:[}Bl ccz u:3 u:4%
T, = - + - E + o X+ - A+ ...
tol-58 1-98" 1-s8" 1-<8
- «, €, + €
+ 5 % 4-2 1 (2.4)

- L+
1- <=8 1~-a 8
472 42

Consi der the coefficient attached to Ein (2.4). If Eis air pollution
(2.4) shows that an estimate of (2.2) will not yield the response of bron-
chitis incidence to dosages of air pollution, even though, in the language
of epidemologists, the dose-response is "adjusted" for nedical care, life-
style, and socioeconomc class. |Instead, the coefficient for E in (2.2)
will be a mx of effects due to air pollution, incone, and the effect of
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bronchitis on income. The product of the coefficients for the latter two
effects woul d have to approach zero in order for the response of bronchitis
to air pollution alone to be obtained. For this to occur, chronic bron-
chitis could have no effect on the individual's income and this inconme could
have no effect on his chronic bronchitis. Both assertions, particularly the
first, are quite inplausible. In fact, in the absence of further informa-
tion, the sign that woul d be obtained for the coefficient of Ein (2.2) is
anbi guous si nce %y 20, ¥, <0, and B, > 0. It is entirely conceivable, if

one were to estimte (2.2) alone, that one would find air pollution reduc-
ing chronic bronchitis! In any case, because the product of <, and B, IS

negative in sign, the effect of air pollution on health will be underesti -
mted. One could readily obtain a simlar result for Z cigarette snoking.

It mght be reasoned that the difficulty with the preceding exanple
could be removed if income were excised as an explanatory variable from
(2.2). The expression would not then have any pecuniary variables in it
and woul d therefore seem anenable to the customary epidem ol ogi cal minis-
trations. These customary mnistrations woul d, however, continue to be
incorrect, for the individual is able to influence the quantity of cigar-
ettes, Z, that he snokes during the current period. If air pollution
exposures change, the individual is likely to change the quantity of cigar-
ettes that he snokes. Thus, even after excising the income variable from
(2.2), possibilities for biasing the air pollution coefficient remain. To
see this, wite

T, =« teEd e X+ ozt (2.5)

Z =8y + B, +BP, + B8P +BY+e,. (2.6)

The variables in expression (2.5) are defined as in (2.2). Expression (2.6)
states that the quantity of cigarettes the individual currently smokes is a
linear function respectively of whether or not he has chronic bronchitis,
the price of cigarettes, the prices of goods that are conplenents and/ or
substitutes for cigarettes, and his incone.

Upon solving (2.5) and (2.6) for Ts the coefficient attached to air
pol lution, E, proves to be «2(1 - «ABZ), which represents a mx of effects

due to air pollution, cigarette smoking, and the effect of bronchitis on
cigarette smoking. Again, the product of the coefficients for the latter
two effects woul d have to approach zero for the response of bronchitis to
air pollution alone to be obtained. In addition, the sign of the E-coeffi-
cient woul d again be anbiguous since 8, 2 0. If B, >0, the effect of air

pol lution woul d be overestimted, and if 82 < 0, the effect would be under-
estimat ed

To attenpt to account for the additional factors thought to influence
a norbidity or nortality rate by sinply stringing out variables in a single
expression nust clearly often be incorrect. During the period in which the
health effect is supposed to occur, humans acting in their individual cap-
acities can choose to influence the magnitudes assuned by certain of these
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variables. Each variable susceptible to this influence nmust be explained by
an expression of its own. [Economc analysis is necessary to inpart an
interpretable formto these expressions. Physical and biol ogical constructs
will therefore often be insufficient tools with which to provide epidem o-

| ogi cal explanations of disease incidences.

The previous two exanples are about problems of joint determ nation
whi ch involve econom ¢ variables. Nevertheless, the problemof joint
determ nation does not require the presence of econom c variables. For
exanpl e, epidem ol ogi cal studies frequently group disease incidences by
i ndividual city and enpl oy neasures of central tendency of incidence and
other variables as single units of observation. Thus one mght try to
expl ain the frequency of deaths fromcancer in a sample of US. cities by
relating it to the dietary habits, air pollution exposures, and nedian age
of the population in each city. Among the dietary variables, one m ght
include saturated fats and cholesterol, dietary conponents frequently said
to be positively related to cardiovascul ar disease. Inclusion of these two
variables in an expression intended to estinmate the factors that contribute
to cancer incidence would probably result in negative signs being attached
to their coefficients, inplying that saturated fats and chol esterol prevent
cancer. This may, in fact, be true, but only indirectly. Specifically,
median age in each city will tend to vary inversely with the incidence of
cardi ovascular nortality; in other words, earlier death reduces median age.
Thus, since cancer incidence is positively influenced by median age, one
m ght expect cancer to exhibit negative associations with saturated fats
and cholesterol even if they have no direct causal relationship with cancer
incidence. The apparent effects of these two dietary variables upon cancer
incidence woul d actually represent a confounding of: (1) the effect of the
two variabl es upon cardi ovascul ar disease; (2) the relation between cardio-
vascul ar di sease and nmedian age; and (3) finally, but only via (1) and (2),
the effect of the two variables upon cancer incidence. In short, at |east
one ot her expression explaining median age is required.

2.4 The Costs of Pollution-Induced D sease

The preceding sections have discussed the circunmstances under which

m croeconom ¢s and its nethods of enpirical application can contribute to
the epidemology of pollution. It was observed that in trying to establish
dose-response functions for particular pollutants, it is necessary to be
extremely sensitive to the presence of jointly determ ned variabl es.
Failure to account properly for these variables in the structure to be
estimated can result in badly distorted depictions of the effect of a
heal th input such as pollution upon the output, the state-of-health or the
incidence of a particular disease. One could, of course, consider al
variables to be endogenously determined in sone ultimte sense. The key
to stopping short of including the entire universe in the structure to be
estimated is the formation of intelligent judgnents about those variables
inportant to the question of interest over which the individual or system
%e.g., urban areas) can immediately exercise no nore than trivial control

he number of expressions must equal the nunber of variables it is posited
that the individual or systemcan control if a determnant solution is to
enmerge. Mst inportantly for our purposes, since many of the jointly
determned variables in a dose-response structure will be econom c requiring
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the application of mcroecononic analysis in order to specify how they are
to be introduced to the structure, the actual design of epidem ol ogi ca
studi es must often include m croeconom ¢ considerations.

The potential application of nicroeconomc analysis to epidem ol ogi ca
concerns extends beyond the estimtion of dose-response functions. The
anal ysis can be used to establish pecuniary values for pollution-induced
health effects. These values, which are consistent with the axiomatic
structure of benefit-cost analysis, can contribute to evaluations of the
econoni c efficacy of existing and proposed pollution control prograns.
Attenpts to establish these val ues can adopt two polar views of the
i ndi vidual's degree of conprehension of the relation between pollution and
his state-of-health.

The first of these views presunes that the individual fails to com
prehend any connection between pollution and his health state, even though
pol lution does influence this state. To obtain the total |oss due to a
pol lution-induced health effect, this viewjustifies the estimtion of a
dose-response function and the nultiplication of the loss in health
attributed to pollution by a pecuniary value for the health |oss. The
information and criteria used to set the pecuniary value, and thus the
total pecuniary loss, come from outside the system being studied. The
basic presunption is that the individual is unaware of the health effects
of pollution and therefore does not make any voluntary adjustnents in
response to its presence

In addition to being a relatively easy and therefore desirable way to
establ i sh pecuniary values for health |osses, this first view has the
further advantage of reducing the force of the joint determnation problem
It thus renoves problens simlar to the cigarette exanple of the previous
section, where, in response to the presence of increased air pollution
the individual chose to reduce his cigarette consunption. However, the
view woul d affect neither the income nor the dietary exanples, for the
ill-health caused by pollution can affect the individual's earnings cap-
acity and his dietary habits. These earnings and habits woul d therefore
change as pollution changes, even though the individual is utterly unaware
of the cause and, consequently, fails to make any behavioral adjustnents
in response to pollution.

The pol ar opposite of the above viewis that the individual is fully
cogni zant of the health effects of pollution and continually adjusts his
vol untary behavior accordingly; that is, given the opportunities he has
avail abl e and the relative prices he faces, he alters his behavior so as
to mnimze the value of the pollution-induced health losses he suffers
These vol untary adjustments will involve shifts in his time and budget
al l ocations such as reductions in the time and intensity of outdoor
activities, pursuit of a less toxic diet, and nore visits to the famly
physician. A view of the individual that presumes he is unaware of the
health effects of pollution does not account for these adjustnents. In
effect, it assunmes that, whatever the variations in pollution, the indivi-
dual's tinme and budget allocations have always accorded with the allocations
occurring at the tine of observation. Since, according to the second view
of the individual's response to pollution variations, these observed
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allocations are the result of attenpts to mtigate the health effects of

pol lution, the first view of the individual results in underestimates of

pol lution health effects. Furthernore, if individuals do reallocate their
tine and their budgets in response to pollution variations, then neasures
can be obtained of the incone the individual would have to receive or woul d
be willing to pay to |eave hinself as well off as he was before a change in
pol lution. These measures correspond to the ideal nmeasures of economic

| oss established in the mcroeconomc theory of consumer behavi or
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Chapter [11
SOQURCES OF ERROR

3.1 Problens in Statistical Analysis

The previous chapter introduced the problem of joint determnation of
many variables - especially those which involve choice by individuals - in
epi dem ol ogical relationships. This problem if not explicitly accounted
for, can introduce sinultaneous equation bias. Estimated effects will not
approxi mate actual (population) values. In other words, even for |arge
sanpl es (those approaching infinity) estimated coefficients are no |onger
consistent; they do not approach their true population values. A nunber of
techni ques are available for providing consistent estimates in simltaneous
equations. One of these is described in 4.3 below and the technique is
applied both in the Sixty-Gty experiment, Section 4.5, and in the M chigan
Survey experinent, Section 5.6. This chapter thus addresses a nunber of
remai ning statistical obstacles to obtaining unbiased estimtes and signi -
ficances of the effects of air quality on human health.

3.2 Heteroskedasticity

Any enpirical exercise involves error. To act otherwise is to fool
one's self, if not the reader. The error can be due to an inability to
capture all the a priori factors that influence the phenonenon of interest,
it can be caused by failures in neasuring the magnitudes of the variables
one has a priori grounds for introducing, or it may be a consequence of a
m sunderstanding of the structure of the phenonenon. In addition to alter-
ing the estimted val ues of coefficients and/or confidence intervals,
errors are registered in the constant terns and the residuals of estinated
expressions. The so-called statistical "classical linear nodel,"” which is
enpl oyed to establish all the relations of this volune, presunes that the
mean of the error variance (a neasure of the dispersion of the observations
of the magnitudes of a variable around its average magnitude) is equal to
zero. This inplies that the errors are constant for observations on all
basic units of analysis.

In our nortality study, if the unexplained portion of the incidence of
cancer-induced death tends to increase with the size of city, then the error
wi Il not be constant fromone observation to another. Simlarly, in our
norbidity study, if the unexplained portion of the duration of chronic
i1l ness increases with the value of some variable, then we have again
violated a basic prem se of the classical linear nodel. Thus, for exanple,
one mght reasonably expect that in |ocations where air pollution is |ow
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and that the variation around this average |evel would not be very great.
Low concentrations of air pollution are unlikely to generate severe chronic
illnesses of long duration. However, where air pollution concentrations
are high, both the average |evel of air pollution-induced chronic illness
and the variations around this average are likely to be substantial. In
low pollution locations, even those with a biological propensity to be
harned frompollution do not suffer any ill effects. However, those wth
this propensity mght be struck down if they are nmoved to a high pollution
| ocation, whereas those who have great resistance will suffer little, if

at all. The variation in the duration of chronic illness is therefore mch
hi gher where pollution is suffocating because the magnitude of the greatest
suffering has greatly expanded, while the magnitude of the |east suffering
continues to be zero.

Nonconstantcy of the variances of the errors (residuals) in an estinated
expression is ternmed "heteroskedasticity," a termthe linguistic roots of
which we don't know. Because it neans that variation in the errors of an
expression varies systematically over observations, it inplies that the
confidence intervals for estimated coefficients will also vary systematically.
The result is that the same basis will not be used to calculate the confi-
dence intervals anong observations. Thus, although the estimated
coefficients are not affected, the standard errors of these coefficients wll
be biased. As a consequence, the customary tests of significance have no
meaning. Nevertheless, if one knows the direction of the bias, one can
sonetimes ascertain whether these custonmary tests of significance accord
excessive or too little precision to the estimted coefficients. For
exanpl e, Kmenta (1971, p. 256) provides a formula that under linted cir-
cunstances, permts the calculation of this magnitude and the sign of this
bias in standard errors. He also outlines ways in which the raw data can
be corrected to negate heteroskedasticity.

3.3 Multicollinearity

Mil ticol linearity occurs when two or nore explanatory variables are so
highly correl ated among thensel ves that it becomes difficult to separate or
deternmine the independent effect of each variable. In the extrene case
where two variables are perfectly collinear, they are effectively identical
However, if a priori information exists on the effect of the collinear
variables, then that information can be used. For exanple, if in attenpting
to explain stomach cancer nortality rates using cross-sectional data, two
expl anatory variables, sulfur oxides in air and per capita consunption of
Pol i sh sausage, are perfectly collinear, one mght enploy data from ani mal
experinents or epideniol ogical studies on select human popul ations (e.g.
Pol i sh popul ations and industrial workers exposed to 80, in high concen-

trations) to determne the relative incidence of stomach cancer from each
factor. By including only one of the variables in the regression, the tota
effect of both explanatory variables will be captured by the estinated
coefficient on that one variable. Thus, if consunption of Polish sausage
and sul fur oxide exposures are perfectly collinear and only consunption of
Pol i sh sausage is included in the estimated equation, the estimated coef-
ficient on consunption of Polish sausage will capture the effect of both
variables. How that effect is to be allocated between the two variables
depends on the availability of external information. For exanple, if animal
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experinents do not show a Iink between sul fur oxide exposures and stonmach
cancer, but do show a link between consunption of cured meats (including
Polish sausage) and cancer, one might allocate the entire coefficient to
consunption of Polish sausage. O course, if this were the case, and the
investigator did not know that consunption of Polish sausage and sul fur
oxi de exposures was perfectly collinear and no dietary data was available
for inclusion, then a false Iink between sul fur oxides and stomach cancer
m ght be shown using the cross-sectional data al one.

The sane argunents apply to cases of near perfect nulticollinearity
wherein explanatory variables are highly, as opposed to perfectly, corre-
lated. This is, of course, the most likely case. However, the outcome of
including two or nore collinear explanatory variables is an increase in
the standard error of the estimated coefficients for the collinear variables.
The standard error is, of course, a neasure of the accuracy with which a
coefficient is estimated -- large standard errors inply that the actua
coefficient could be much larger or snaller than the estinmated coefficient.
Thus, when collinear variables are included, the inability to separate
influences is reflected in the measure of uncertainty over the magnitude of
the estimated coefficients on those variables.

The approach taken here to deal with nulticollinearity -- and the 60-
city experinent described below has a severe problem anong the dietary
variables -- is to_a priori exclude variables which are highly collinear
with respect to a representative included variable. An alternative approach
to nulticollinearity is the use of a technique known as ridge regression
[see Schwing, et. al. (1974)] which, however, makes interpretation of the
resultant estimated coefficients unclear

Wiile nulticollinearity within an available data set makes estimation
and interpretation nore difficult, at |east the problem can sometines be
recogni zed and fal se conclusions thereby avoided. However, where unknown
collinearity occurs, for exanple when an included explanatory variable is
highly collinear with a variable which is not available to the investigator,
the fal se conclusion can be reached that the included variable is solely
responsible for the estimated effect. The investigator may not recognize
that the estimated effect includes the effect of one or several other
excluded but collinear variables. W discuss this possibility bel ow

3.4 Causality and Hypothesis Testing

Aside fromthe problemof nulticollinearity, the traditional problens
of causality underlying epidemological studies still apply. For exanple,
if heart attacks are actually related to cigarette consunption, but snoking
is correlated with coffee consunption for behavioral reasons, a spurious
positive correlation mght be shown between heart attacks and coffee con-
sunption, especially if cigarette consunption is excluded froman estimated
statistical relationship. In other words, correlation does not prove
causation, and statistical hypothesis testing can never confirm but only
reject, a maintained hypothesis. Turning to another exanple, if nost
nitrite (used to cure neats) ingestion is through consunption of pork
products (70 % of pork is cured), one might suspect, given the hypothesis
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of in vivo nitrosamne (a carcinogen) formation fromnitrite, that cancer
nortality and pork consunption would be correlated. |f such a correlation
can be shown (as it has been; see Kneese and Schul ze (1977) and NAS 1978)
then the only valid conclusion is that we do not reject the hypothesis that
pork consunption (and perhaps, in turn, nitrite ingestion) is related to
human cancer. |f, alternatively, one accepts the maintained hypothesis on
apriori_grounds, and no bias exists in the estimation procedure, regression
analysis can give a best linear estimate of the actual relationship in the
sanpl e popul ation between, for exanple; cancer nortality and a dietary
factor such as nitrite ingestion. However, regression analysis cannot
prove causality; causality nust be assumed in this procedure. This is why
it is so inportant to have hypotheses concerning causality before a regres-
sion equation is specified.

A set of hypotheses concerning human heal th, including the effect of
air pollution, forns a nmodel of human health. The concept of a conplete
model of human health as the basis for hypothesis testing is an inportant
one for several reasons. First, a nodeling framework inmmediately suggests
that behavioral elenents such as voluntary medical care may be inportant
and as pointed out above, a simultaneous equation structure may be necessary
to test hypotheses properly. Second, the nmodeling franmework focuses
attention on a conplete specification of the deternminants of human heal th
A "better" model will exclude fewer relevant variables and be both a nore
accurate predictor of human health and nore accurately identify the effect
of each explanatory variable. The nodeling approach then hel ps avoid the
probl em of unknown collinearity by focusing on a specification which pro-
vides information about the effects of all relevant variables.

An alternative viewpoint has been expressed by Lave and Seskin (1977).
Their argument rests on the assunption that excluded variables (medica
care, diet, and snoking are excluded fromtheir study of air pollution and
human health) will not bias estimated effects of included variables if the
excluded variables are orthogonal (perfectly non-collinear) with respect
to the included variables. Thus, if one assunes orthogonality with respect
to excluded variables, follow ng Lave and Seskin (1977), one can justify
estimation of inconpletely specified equations. W take a different
approach principally because we reject orthogonality as a reasonabl e

assunption. If, as ecologists are fond of saying, "everything depends on
everything else," then sinultaneity and collinearity are likely to be
pervasive in the "real world." |In fact, we argue bel ow based on our own

epi demi ol ogi cal and econonic data that this is just the case.

Finally, to test specific hypotheses, we will use the standard sig-
nificance test; we will test the hypothesis that each explanatory variable
has no effect (has a coefficient of zero) by using the appropriate t-
statistic which, in this case, is approximately equal to the estinated
coefficient divided by its own standard error. For exanple, for large
sanples, if for a specific coefficient t > 2.0 (if the coefficient is
greater than or equal to twice its own standard error), then, where the
hypot hesi s tested includes an assumed sign for the coefficient, a 97.5%
| evel of significance is achieved. This inplies that, in random sanpling
of a population, one would draw a sanple which accidentally confirned the
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hypot hesis (effect non-zero) only 2.5% of the tine.

It is inportant to note, that as the significance level is inplicitly
lowered fromt = 2.0 toward t = 1.0, even in |arge sanples, spurious rela-
tionships begin not to be rejected. Practical experience and econonetric
tradition suggest that a 95%to 97.5% significance [evel is appropriate.
The desired confidence |evel should be chosen a priori to avoid the tenp-
tation to "prove" desired relationships by ex post lowering of the |evel of
significance for rejecting or failing to reject hypotheses. Sinilarly,
statenments that an explanatory variable is "nearly significant" should be
interpreted with great caution. Were costly environnental programs are to
be justified by epidem ol ogi cal analysis, rigorous tests of significance
shoul d be enpl oyed.

3.5 Aggregation

In one or another of his many books, Herbert Sinon has used the term
"bounded rationality" with reference to limted human abilities to arrange,
conprehend, and mani pul ate [ arge volunmes of information. Mre succinctly,
Sinmon is referring to the need to sinplify in order to understand. Even the
pure theorist, in both his analysis and exposition, nust partition the
universe into two parts: that with which he will and won't deal. Moreover
he nust enploy a limted and often quite small nunber of concepts to dea
with the part he has chosen. He who would neasure as well as theorize nust
sinplify beyond this, for he nust be economic with his data manipul ations.
Both isomorphismw th his theoretical variables and his less than fully
robust enpirical tools require this. Sinplification is synonynous with
throwi ng away information, but that which is thrown away is often beyond our
powers of use. As Stigler (1967) has remarked, ". . . information costs are
the costs of transportation fromignorance to omniscience and sel domcan a
trader afford to take the entire trip."

In the material to follow, we have played the role of the aforementioned
trader in two ways. First, in the nortality study, we have enpl oyed grouped
data for estimation; that is, we have enployed a single neasure of centra
tendency (usually the arithnetic nmean) of the distribution of sone attribute
across a group of people or locations (a city) as the sole representation of
the group's diversity. W have nelted entire cities into one pot. Here we
wi sh to discuss the issues this poses for estimtion

A second aggregation thing we have done is to enbrace the notorious
representative individual when discussing the pecuniary benefits or costs of
a given health effect. Too fond an enbrace of this representative can |ead
to gross errors if his responses are incautiously applied to flesh and bl ood
individuals. W wish to explain why. Initially, however, we will discuss
the estimation issue.

In the nortality study, the unit of analysis is a city or sone |arger
jurisdictional unit and the values attached to a particular variable repre-
sent the per capita magnitudes of the variable in the cities. To form these
per capita magnitudes, sonmeone had to collect observations on the values of
the variables for the distinct individuals in each city. By using the per
capita rather than variation of the individual observations within each city
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and thereby reducing the efficiency of our estimators. Sinultaneously, we
are lessening the degrees of freedom and, thus, the variety of statistica
tests we can potentially enploy. Qur real gain fromthis is a drastic
shrinking of the size of the data base we nust manage. A vacuous gain al so
exists

By using the per capita magnitudes for the values of our variables, we
have not changed the underlying sanple of individual observations, but have
reduced the variability of the sanple we are using for estimation. W have
stripped the outlying individual observations of influence. The result is
that the per capita magnitudes will be I ess dispersed around any expression
we estimate, allowing us to appear to explain a larger proportion of the
variation in the sanple; that is, the magnitude of the coefficient of deter-
m nation (R2) i s enhanced. This enhancement, however, is msleading since
it is entirely due to our prior exercise of collapsing all the variations of
individual s' observations in a city to a single scaler measure. Simlarly
nonvacuously, and therefore much nore inportantly, by reducing the variation
in the sanple, we are reducing the standard errors of each estimted (and
still unbiased) explanatory variable coefficient. As a consequence, we nay
be overstating the level of significance to be attached to these coefficients.

Yet anot her nonvacuous and al together serious way exists for the
estimates obtained fromper capita data to be seriously msleading. The
measurement unit one is using for any particular variable may differ from
city to city. Thus, for exanple, one night be neasuring cigarette con-
sunption per capita in the equivalent of packs in one city and pounds in
another. Consider the follow ng sinple algebraic argument.

Assume that a disaggregated dose-response expression for respiratory

disease is to be estimated. Let this expression be given by:
- i=1, .., n
Cij =2 ThPyy v eyge -1, ol x (3.1)
n>r

where i refers to a particular pollutant, j to a particular individual, a
and b are coefficients to be estimated, and € is an error termhaving the
customary properties. Per capita responses and doses are clearly:

Zi ci.
Cy =~ (3.2)
Z, P,.
PJ =._.._J.1ni (3 3)
Wth aggregation, the intercept and error terns are:
a=%1% (3.4)
n
L. €.
E="1i "ij (3.5)
n
The aggregate relation is therefore:
Cj=a+bP, +E,_, ,
j=a 5 T E (3.6)
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where b, the coefficient of Pj, is apparently
b= "1 (3.7)

n

In other words, the per capita response depends on the exposures suffered by
the n individuals. This perhaps seens reasonable, since (3.6) continues to
be linear and includes an error termthe expected value of which is zero for
al | e,

Di sregarding a and Ej, note, however, that both b and Pj are aggregated.
Thus:

bp, = CiP0) o =71 PPy, (3.9)
n n n
and therefore 5 b
S & e (3.9)

nP,
i
Not hi ng goes awy if the dose-response functions are identical anong sufferers.
However, if they do differ, it is apparent from(3.8) that the value of the
pol lution exposure parameter, b, will be a weighted mean of the sane paraneter
for the individual suffers. In particular, those sufferers having high
responses w |l have a disproportionately strong influence upon a group's
ge.g, a city) contribution to the value of the exposure paraneter in (3.8).
imlarly, those groups having | ow responses will have a disproportionately.
weak influence. The conclusion is the rather dismying one that the measure
of responses, enploying some group or aggregation of individuals as the
fundanental wunit of observation, can differ from one group to another. There
coul d conceivably be as many uni que neasures enployed as there are groups.

The preceding remarks refer to the prior aggregation of individua
observations and the subsequent use of the aggregates for estimation purposes.
Suppose we enpl oy individual observations for estimation purposes, establish
responses for the representative individual anong these observations, and
then use the presunedly representative responses of this representative
individual to obtain an aggregate neasure of total response; that is, we
aggregate after rather than before estimation. The study of the norbidity
effects of air pollution that follows readily lends itself to this treatnent.
Because it does so, we feel it worthwhile to caution the reader about the
dangers this form of aggregation poses. W state the discussion in terms of
demand functions although dose-response functions woul d serve equal ly well.
Only because it is perhaps the nost widely cited study to aggregate indivi-
dual observations of air pollution damages, we enploy Waddel | (1974) as a
basis for discussion.

Waddel | (1974) first reviewed a collection of studies that had estimated
mar gi nal purchase price functions with respect to sul fur oxides and/or
suspended particulates for eight different cities. Interpreting the values
of the air quality paraneters in these several studies as neasures for the
average househol d in each study of equilibriumnarginal wllingness to pay
at given air quality states and with given demand functions for air quality,
he selected a value within the range of these estimted val ues. By selecting
this value within the range of values, he assumed that what was interpreted
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as the equilibriummarginal willingness to pay was the same for all househol d
inall cities

Then, using the further assunption that this assuned equilibrium margina
willingness to pay was in fact the actual marginal wllingness to pay for al
air quality states, he multiplied the constant marginal willingness to pay by
the nunber of househol ds and the number of air quality states to obtain an
estimate of aggregate national air pollution damages. That is, if b is the
marginal willingness to pay and Qis an air quality state, Waddell (1974)
cal cul ated aggregate national air pollution damages, D, as

n

D = bIAQ4 (3.10)
i=1

where the i's index househol ds.

In effect, Waddel|l (1974) assumed that the decision problemof each and
every household in each urban area of the country could be represented as
depicted in Figure 3.1. In Figure 3.1, 3P/3Q is the marginal purchase price
function and 3D/3Q is the function representing marginal wllingness to pay

3D

for inprovements in air quality. Since36-= b is invariant with respect to

changes in air quality, calculation of that willingness to pay for the
househol d of Figure 3.1 involves only the nmultiplication of b by whatever
change in air quality is postulated. Thus, the value to the depicted house-
hold of an inprovenent in air quality (Q* - @) is sinmply b(Q* - Q).
Gven then that b is the same and invariant for all households, the sole

di stinction one need nake among househol ds in order to cal cul ate aggregate

national damages is to account for the location of each household on the Q
axis.

Figure 3.1

Mar gi nal Purchase Price and
Mar gi nal W1 1ingness-to- Pay

/

i \ 3P/3Q
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Among the nore significant i.e., stronger assunptions in the afore-
mentioned cal cul ation procedure are the following. First, it is assuned
in the procedure that the b's are invariant across households. By dropping
this assunption, the imrediately preceding expression becones

D=b, I4Q. (3.11)

This woul d mean that differences in willingness to pay for inprovements in
air quality due to differences among househol ds in such personal attributes
as income, age, and degree of risk aversion to health effects woul d now be
taken into account. Aggregation would then not entirely destroy know edge
about relative sufferer valuations of alternatives

A further weakening of assunptions would occur if the marginal willing-
ness to pay function is permtted to be nonconstant and even nonlinear. In
this case, the above expression for D would be:

Q'k*‘

D = zflgi(qi)in (3.12)
Q*

Cearly, this would be a very conplex expression with which to calculate
aggregate national air pollution damages. Not only are the margina

val uations of given air quality states permtted to vary among househol ds
but the responses of different households to simlar variations in air
quality are also pernmtted to differ. The sensitivity of the aggregation
procedure to differences in the econonmic and air pollution circumstances of
househol ds woul d be greatly enhanced. Freeman (1974, pp. 81-82) lists
several frameworks for constructing algorithms that night approximte this
| ast expression for D

The above discussion has been devoted to a single aggregation over
i ndividual households. It has been inplicitly presumed that only a single
class of air pollutants is relevant. Typically, however, estimtes of
national air pollution control benefits involve aggregation over multiple
classes of pollutants as well as over households. On occasion, aggregation
may, in addition, take place over tinme. Scaler estimates of the nationa
benefits of air pollution control may thus involve two or three distinct
types of aggregation, each of which enmbodies unique assunptions about the
simlarities among the units undergoing aggregation

An addi tional decision problem over and above the probleminvol ving
the manner in which the units in each type of aggregation are to be treated
as simlar, is thus introduced: one must choose thich type of aggregation
is to be perforned first in arriving at a scaler representing air pollution
control benefits for households, for pollutants, and for time intervals.
Moreover, in deciding howto performthe first aggregation, one nust take
into account how the aggregation for the second and third steps will be
carried out. The order in which the aggregation is perforned can make a
difference in the estimte one obtains of aggregate national benefits.

23



Chapter |V
THE SI XTY-CI TY EXPERI MENT
4,1 bjectives of the Experinent

Identification of substances in the environment which effect hunman
heal th and accurate quantifications of their effects, is extrenely dif-
ficult. Often there are nultiple substances involved, there may be |ong
| atency periods before effects are seen, and the amount and time of expo-
sureis often unknown. There are three general approaches to identifying
such substances and quantifying their inpact -- all nore-or-less inperfect.
In the first, |aboratory aninals are exposed to |large doses of the suspect
substance and, if effects appear, an effort is made to extrapolate themto
the human population. The correct manner in which to execute the second
step is not well extablished. The second approach is to devel op aggregate
cross-sectional data, usually for cities or standard netropolitan areas,
on a nunmber of variables which mght be associated with nortality rates or
illness rates and then to use regression analysis in order to discover
statistically significant associations. A third approach is to gather very
detailed data on individuals and to again use statistical analysis to de-
termne the effect of various factors including environmental exposures on
i ndividual i zed nmeasures of health status

The purpose of the research reported in this chapter is to explore
both the possibilities and limtations of the second approach nentioned
above --aggregate epidemology -- in the estimation of human dose-response
functions which include exposure to air pollution. The principal advantage
of the use of aggregated data on cities or nmetropolitan areas is quite
sinply the widespread availability and | ow cost of such data as opposed to
data generated from ani mal experinments or collected on individual hunan
bei ngs through specialized surveys. However, the use of aggregated data
creates a number of special problens.

First, one ideally wishes to estimate a dose-response relationship or
function as shown in Figure 4.1. Based on a priori_ considerations one
woul d suppose that for human popul ations, risk of death for an individua
woul d be a function of nedical care, age of the individual, the genetic
endownent of the individual, the behavior of the individual--does he or
she exercise, snoke, etc.--the diet of the individual, and exposures to
possi bly harnful substances or circunstances. However, aggregate epideni-
ol ogy provides no data on individual risks or characteristics but only data
for population characteristics as a whole. Thus, aggregate nortality rates
in, for exanple a city are used as a proxy for risk of death in the
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estimation of an individual dose-response function where it is inplicitly
assuned that individuals can be represented by the average individual in
each city. Thus, in using the data set devel oped below for sixty US
cities to estimate a dose-response function of the formshown in Figure

4.1, it is inmplicitly assumed that each city represents one average individ-
ual.  However, the list of assunptions required to allow such aggregation
(all relationships nust be perfectly linear, etc.) are not likely to be net
in practice. Thus, one nust recognize that estimated results are hiased

to an unknown extent by the very use of aggregated data.

A second problem arises fromthe fact that aggregate epi dem ol ogy
must rely on secondary data. Since the investigator nust depend on data
already collected, he cannot add a question to a survey nor can he vary
the design of an aninmal experinent to test the inportance of a new variable.
In the past this problemhas led to the exclusion of data on inportant
vari abl es such as snoking, diet and exercise from aggregate epiden ol ogica
studies [see, for exanple, Lave and Seskin (1977) and Schwi ng, et. al
(1974)] We have been able to gather some data -- not necessarily good
data -- on both snoking and diet and as we show bel ow, these are inportant
om ssions from previous studies. The current study still excludes any
measure of exercise.

Finally, aggregate epidemological studies are likely to suffer from
a nunber of simultaneous equation biases. One of the nost obvious con-
cerns the effect of nedical care. The existing epidenmiological literature
has failed to show any significant effect of nedical care on hunman nortality
rates. This counterintuitive result is easily explained. For exanple, in
our sixty city sanple, no effect of per capita doctors in each city can be
shown on aggregate nortality rates for each city when sinple regression
techni ques such as ordinary |east squares are used. The explanation is
that, although doctors nost likely do reduce nortality rates (as shown
bel ow), people in cities with higher nortality rates have in turn nore ill-
ness per capita and seek out nore nedical care, increasing the observed
number of doctors in such comunities. In other words, higher nortality
rates create a greater demand for doctors. Thus, we have two of fsetting
effects--doctors reduce nortality, while nortality increases the demand for
doctors--and sinple regression analyses cannot untangle them  Several
statistical techniques are available for coping with sinultaneous equation
probl ens. W use a very sinple approach, two-stage |east squares, a tech-
nique described in a little detail below

A second sinmultaneous equation problem may arise because of multiple
causes of death. Cities with high coronary death rates may |ikely have
| oner cancer death rates because people die of heart attacks before they
have a chance to die of cancer. In this situation, factors which, for
exanpl e, show up positively correlated with coronary di sease nay show up
Wwith a spurious negative correlation with cancer rates. This sinmultaneous
equation problemis likely to work "through" the age variable in that
nedian age is determined in part by nortality rates of individual diseases,
while, in turn, age is used to explain nortality rates. W therefore have
al so enpl oyed two-stage | east squares on the age variable, but with no
i npact on the estinmated equations so these results are not reported here.
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Figure 4.1

Hypothetical Human Dose-Response  Function
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An alternative approach to the problem which we do not enploy, is use of age-
specific nortality rates.

A third possible source of sinmultaneous equation bias occurs because
peopl e make vol untary choices over |location. Mgration in and out of our
sixty city sanple is effectively disregarded. People may, for exanple
contract an air pollution related disease and, on a physician's advice,
move froma highly polluted area to an unpolluted area, only then to die.
A fal se negative association between air pollution and pollution-related
mortality might then be shown. Although in the past we have included a
net migration variable [see Kneese and Schul ze (1977)] which was statis-
tically significant, we have excluded such a variable in this analysis
because it defies interpretation in a dose-response function context.

Table 4.1 summarizes the objectives and limtations of the current
study and to sone extent those of aggregate epidenmology in general. W
now turn to devel opnent of methodol ogy for estimating the value of reducing
health risks and for the effect of nedical care on human health. This
latter section focuses on the role of exonomics in aggregate epidem ol ogy.

4.2 Value of Life Vs. Value of Safety

The direct costing approach enpl oyed by econonmists for evaluating the
nortality costs of diseases which result from environmental exposures is
straightforward but difficult to quantify fully [see, for exanple, Kneese
and Schul ze, 1977]. First, the population at risk nmust be known. Second,
the increased risk of nmortality associated with environmental exposures
must be quantified either through epidem ol ogy or through extrapol ation
from ani mal experinents. Third, the amount of noney or the val ue that
i ndi vidual s place on safety (avoiding risk of death) nust be known. Milti-
plying these three val ues together then gives an approxi mation of the incre-
nmental benefits of reducing such exposures. This cost or benefit is not in
any way related to a "value of life" which is nost |ikely unmeasureable,
but rather focuses on a concept of the value of safety (alternatively "cost
of risk") to individuals where risks are statistically small.
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Table 4.1

(oj ectives and linitations

Purposes of Study Are:

(1)

To explore methodol ogy for isolating an aggregate human dose-
response function.

to add nedical inputs.
to add diet.
to add snoking.

to account for sinultaneous equation bias where possible
i ncl udi ng:

(a) demand for doctors.
(b) multiple possible causes of death.
Fails to Account for:
si mul t aneous equation probl ens caused by migration.
exerci se.
radi ation.

Bi ases introduced by estimating an aggregate as opposed to
i ndi vidual dose-response function.
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Economi sts in the past have attenpted to value hunman |ife as the sum
of the present value of future earnings over an individual's lifetine [see
Lave and Seskin, 1970 and 1977]. This approach, however, is no |onger
viewed as acceptable. In the first place, it assumes that the val ue of
life can, in fact, be neasured -- a point certainly open to debate. Sec-
ond, it inplies that the lives of children, housew ves, retired and other
unenpl oyed individuals are worth less than the lives of enployed heads of
househol ds.

Two measures can be used to value safety or risk to life which are
based on the econom ¢ concepts of equivalent variation (EV) and conpensating
variation (CV). An EV measure of the value of life is the amount of noney
an individual would pay to escape fromor prevent certain death; in theory,
a rational individual would part with all his available wealth to save his
life. CV, in contrast, measures the conpensation required to induce an
i ndividual to accept voluntarily a situation where the probability of
death is increased. As the probability of death approaches unity, the CV
measure can be taken as an estimate of the value the individual places on
his life. Logically, though, the value of life measured this way nust be
infinite, because as the probability of death approaches certainty, the
probability of enjoying any conpensation offered (and thus the value of the
conpensation) approaches zero. Thus, neither EV (which requires coercion)
nor CV (which nakes the value of life imeasurable) provides a wholly
satisfactory way of extinmating the dollar costs of nortality in realy
world situations that involve risk. An eleboration of the CV concept,
however, can provide a useful neasure of the conpensation necessary to
i nduce an individual to accept a slight increase in the probability of
deat h.

M shan (1971) was the first to distinguish between the concept of cost
of risk, which is ethically appealing, and earlier efforts to value human
life based on | ost earnings, which as a nethodol ogy, has strange and intu-
itively objectionable features. The latter measure of the "value" of human
life has now been rejected by econom sts both on theoretical and, to some
extent, on ethical grounds. Thaler and Rosen (1975), using wage differ-
entials between jobs varying in the level of job-associated risk of death,
were the first to estimate explicitly the value of safety. In other words,
workers in high risk jobs receive higher wages and a val ue of safety can
be inputed by examning risk-related wage differentials. Unfortunately,
however, their study dealt with a high risk class of individuals. The
Thal er and Rosen (1975) estimate suggests that in current dollars a snal
reduction in risk over a large nunber of individuals which saves one life
is worth about $340,000. Another study [Blunguist (1977)], which exam nes
seat belt use, suggests that the figure night be $260,000. This study
first estimtes how people value their own time and then inputes a val ue
of safety fromthe amount of tinme a sanple of individuals spent in buckling
up seat belts. These results may be biased downward because individual s
seemto perceive risks differently when an el enent of personal contro
such as driving an autonobile is involved. Finally, Smth (1975) in a study
simlar to Thaler and Rosen (1975) has suggested that, for a nore typica
popul ation and for job-related risks, the figure may exceed $1, 000, 000.
Cearly, the cost of risk is not precisely known, and perhaps wll never
be, since attitudes -- risk preferences -- presumably can change over tine,
between groups, and can even vary in different situations. But, we at
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| east have a range of values with which to make order-of magnitude estinmates
of the costs of environmental risks. This range of values does not, however
overlap the value-of-life estinmates based on | ost earnings. For exanple,
Lave and Seskin (1977) use a value in the thirty to forty thousand dol | ar
range for a life lost. The Thal er and Rosen (1977) value of safety is,

for exanple, about an order of magnitude |arger than the Lave and Seskin
(1977) lost earnings number.

The theoretical basis of a value of safety or cost of risk concept can
be shown briefly as follows: Assume that an individual has a utility
function, UW, where utility is an increasing function of wealth, W If
risk or death is 1, expected utility is (A-m)u(w). If we hol d expected
utility constant, we have (1-m)u(w) = constant, and the total differentia
of this equation is:

-U(W)dI + (1-T) U (W)dW = O (4.1)

where the prime denotes differentiation. Holding utility constant then
inplies that the increase in wealth (or income) necessary to offset an
increase in risk is:

dw/dn = u/{u” (1-m1]. (4.2)

This is the conpensating variation neasure of the cose to an individua
attributable to an increased risk of death. Analysis of the last expres-
sion can be sinplified if we assume a constant elasticity of utility with

respect to wealth, n, such that W = n and consequently n = §%~%. Then
(4.2) can be rewitten as:

aw/dn = w/[n (1-m17. (4.3)

The right hand side of (4.3) suggests several interesting points about the
value of safety or cost of risk. First, if we assune that the elasticity
of utility is less than one, people are risk averse. This in turn inplies
that since the risk of death is positive (1>0) that (dw/dm)>w. I n other
words, if an individual is risk averse, his life, in terns of the risk
prem um necessary to get himto accept risk, is worth nmore to himthan his
wealth.  Second, from (4.3), as wealth increases, the risk premum required
to accept an increase in risk voluntarily, dw/dll nust increase wth age,
ceteris paribus. Thus, one would expect ol der people to act in a nore risk
averse manner than younger individuals (require greater conpensation to
voluntarily take a risky action), both because of increased income and
because of increased initial age-related risk of death.

This nodel contrasts for a number of reasons with the value of |ost
earnings approach previously used in econonic analysis. First, if |ost
income itself is the nmeasure, the "value of life" measured through |ost
ear ni ngs obvi ously cannot exceed wealth [see Conley, 1977]. Second, in-
creased wealth will increase the lost earnings nmeasure as well as the cost
of risk nmeasure. However, the cost of risk measure nmay not increase pro-
portionately if a different utility function is used. Third, the |ost
earni ngs neasure must decrease with age at sone point as individuals get
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ol der because the expected renmai ning earnings nust decrease, while the cost
of risk, as we argued above, will likely increase. Finally, it is clear
from (4.3) that as 1 approaches unity, dw/dm approaches infinity. In other
words, the conpensation required to induce an individual to accept a cer-
tainty of death voluntarily is infinite. The lost incone neasure has no
simliar property. Nevertheless, the inplication is that small increases
in risk my be valued in terms of conpensation required to induce individ-
ual s to accept such risks voluntarily. |Individuals, of course, rationally
accept small risks on a daily basis; presunably on the basis of sone
monetary or psychic return

Gven the analysis above, the current methodol ogy of multiplying value
of safety numbers times experimentally or epidem ol ogically determ ned
environmental risks can then be justified as follows: assuming a utility
function WW where Wis wealth, if risk of death is I, the marginal cost
of risk, as derived earlier, is (aw/dm)§ = U/U”(1-II), where U i s a constant
utility level. If risk, m, is a function of pollution, X, where utility
functions are identical for N individuals, one would w sh to maximze
expected utility,

N[1-n(x)Juw), (4. 4)
subject to a constraint on total wealth, W, or income of society

- NW - C(Xx=X) = 0 (4.5)

which is allocated to individual wealth, assumed identical for purposes of
exposition, (NW, and costs of controlling environnental pollution fromthe
initial |evel x°, [cx’-x)]. Noting that mI_ > 0, and ¢* > 0, the first
order conditions are (where x is the multip%ier on (4.5) and L denotes the
Lagrangi an):

dL/3W = N(1-I)U” - NA = 0

3L/3X = —NHXU - AC" =90

These inply:
Ne [U/v° Q-m]ng = c” (4.6)

or that the nunber of individuals, N, times the marginal cost of risk,
[v/u”(@-m)], tines the marginal effect of pollution on risk, I., equal s the
margi nal cost of control, ¢c”. Cearly, this nodel abstracts from many

wel fare threoretic problems but it does inply that estimtion of the |eft
hand side of (4.6) as suggested at the beginning of this section is a
legitimate approximation of the incremental benefits of environnental con-
trol.

In summary, the direct costing of nortality has the advantage of
focusing attention on one positive output of environnental agencies which
has clear economc value -- safety. It is inportant, however, to distin-
gui sh between the value of safety to consuners which does have measurabl e
econom ¢ value -- environnental agencies nmay be viewed as selling safety
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to the public -- as opposed to techniques which claimto neasure the val ue
of human life. Benefit-cost argunents for environnental programs shoul d
and can rest on denonstrable increases in public safety delivered at

costs conmparable to what the public is willing to pay for safety, not on
clainms as to the value of human life. However, the assessment of the risk
of nortality associated wth environmental exposures such as air pollution--
whet her based on ani mal experinments or epidemological studies -- remains
difficult and uncertain and is central to the direct costing methodol ogy.
Surprisingly, perhaps, the authors feel there is likely to be |ess profes-
sional debate as to the econom c neasure of the dollar value of safety than
as to the quantification of environnental health effects. W nowturn to
the possible role of economc analysis in the epidem ology of air pollution.

4.3 A Methodol ogi cal Basis: Does Econom cs Matter?

The question posed above could be rephrased "does rational human
behavior matter in the estimtion of dose-response functions?" Econom sts
woul d certainly answer in the affirmative; individuals are likely to re-
spond to illness with nunerous aneliorative neasures. Cearly, such nea-
sures nmust be accounted its a properly specified dose-response function
is to be estimated. \Wat follows is a sinplified econom ¢ model of human
behavior in response to health risks which in turn allows specification of
appropriate statistical techniques for estimating a human dose-response
relationship.

Let T denote risk of death for an individual where that risk can be
reduced by nedical care which we denote D, synonynmous with our enpirical
measure, doctors per capita. Thus, risk can be witten as a function, (D),
where dn/dp = 1 < 0. If the price of medical care is p and incone is
denoted Y, then utility, U can be witten WY - pD), a function of income
net of expenditures on medical care, pD. In an uncertain world, economc
anal ysis assumes that an individual wll choose to maxinm ze expected util-
ity -- the odds of remmining alive (1-m) tines the utility level U-- or

[1 - 1] vy - pD), (4.7)
so the first order condition for the quantity of nedical care chosen when

rearranged is:

U )
(I-mu- ~ -1° (4.8)

The termon the left-hand side of (4.8) is easily recongizable fromsection
4.2 above as the marginal value of safety (or conpensation required to
voluntarily accept a small increase in risk), while the termon the right
is the marginal cost of increased safety through nedical care. Thus, this
model of human behavior inplies that an individual will choose a |evel of
medi cal care which equates his or her marginal value of safety to the
mar gi nal cost of reducing risk through nedical care. O course, an individ-
ual 's perception of risk and of the ability of nedical care to reduce risk
of death may be inperfect. However, from(4.8) it is easy to show that
i ndi vi dual s who are nore risk averse, i.e., those with a large nargina
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value of safety, will seek nore medical care than those who are less risk
aver se

An explicit set of functional forms will sinplify interpretation. Let
us again (as in Section 4.2) assume a_constant elasticity of wutility wth
respect to income, n, so U= (Y - pp)T Aso assume a |inear (approxinmate)
dose-response relationship, Il =11 + I'D, where I'< 0 is now a fixed
coefficient and T_is a positive Constant. Equation (4.8) can then be
witten as: °

D= (D - GO+ @Y (4.9)

which is a demand equation for medical care. |f we take the supply price
of medical care to be fixed P =P* (infinitely elastic supply of nedica
care), the individual demand for nedical care, doctors per capita for
exanple, is then a linear increasing function of total risk T, since

(%%) > 0, and of incone Y, since %;-> 0. O course, we wish, as our prin-
cipal objective for policy purposes, to estinmate the dose-response function

=T+ I'D; (4.10)

in particular, we wish to obtain an unbiased estimte of n', the effect of
medical care on nortality and of the effect of other variables such as air
pol luti on. However, any attenpt to directly estimate (4.10) is dooned to
failure. This occurs because the equation specified for statistica
estimation (equivalent to 4.10 where o« and o, are parameters for esti-
mat i on) © 1

I=a +a.D+uyp
o

L . (4.11)

has a di sturbance termun which is not independent of D. In other words
My is correlated with D. This is easy to showif we specify the demand
equation for doctors (equivalent to 4.9 above with paraneters B> By and
BQ as stochastic:

D=8+ eln + 8,Y + u (4.12)

D

as well, with a disturbance termuy. Now suppose sone factor (random
enbodi ed in Hy causes T to rise in (4.11). But if T rises, by (4.12), D
must increase since, from(4.9), >0 and D, through B> depends on 1.
Thus, D depends on My through (4.12) and D and uy are correlated. Now, if
in estimating (4.11) this correlation is not accounted for, not only will

estimtes of o and % be hiased, but if we had included other factors which

affect morality such as diet or pollution in (%.11), coefficients on these
variables would be biased as well. It is also true that if simultaneous
equation biased is
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present and not accounted for, it becones possible that the estimated
effect of medical care, oy will appear not significantly different from

zero or even of the wong sign (note we assune that a, <03 that doctors
reduce nortality).

W can break the dependence of D on Hp by first substituting (4.10)

into (4.9), or (4.11) into (4.12), to obtain a reduced form equation for
medi cal care

e}
n__ I 1 -
D + ST ST + ZP*Y or D Y, + le + M (4.13)

wher e o is the disturbance termin the reduced form This equation can be

legitimately estimted since the income variable is exogenous, deternined
outside the relevant system of equations, and the endogenous variables D

and I, those determined within the system do not appear on the right-hand

side of (4.13). Now, if we estimate (4.13) and obtain unbiased estinates
.. _ n i - g

of the two coefficients Yo = Gv - Eﬁiﬂ and Yq Eﬁﬁﬂ we can use these

along with data on income, Y, to generate a new variable, estinmated nedica
care, D where

D=y, +y,Y. (4.14)

Note that this new variable, D, generated fromdata on Y does not depend
on g and can be used instead of actual data on Dto estimate a dose-

response function

D+ p_~ (4.15)

= +
I 0Lo 0"l I

This estimted equation gives a consistent estimate of o, or n'. |In fact,

i f the hypothesis that doctors are both inportant and effective in reducing
nortality rates is correct, oy shoul d show up negative and significantly

different fromzero as estimated in (4.15). Note, however, that if indi-
vidual s perceive that doctors are effective, they will have a strong
incentive to seek medical help when ill, thus making a direct |east squares
estimate of the effect of medical care as specified in (4.11) inpossible.

The procedure we have outlined above, two-stage |east squares, has been
used successfully in many instances to resolve simultaneous equation pro-
blens and has the advantage of requiring mniml additional data. In gen-
eral, if an unbiased estimate of a structural equation (one equation is a
sinul taneous systen) is desired, one need only use ordinary |east squares
to estimate each of the endogenous variables as a function of all of the
exogenous variables in the nodel (estinmate a set of reduced form equations).
Then, using the data on the exogenous variables, an estinated data set for
each of the endogenous variables is created. Consistent structural equa-
tions can then be obtained by replacing each endogenous variabl e
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on the right hand side of a structural equation by its estimted equival ent
using ordinary |east squares.

4.4 The Sixty-City Data Set: Selection of Variables

In this section, we describe the data set itself and al so exami ne some
properties of the data with special enphasis on collinearity and consequent
implications on the variety and kinds of hypotheses which can be approp-
riately tested.

Tables 4.2-4.5 present a listing of the variables available for
analysis along with the year of the variable, units, nean, standard dev-
iation (S.D), and sources for the data by nunber, where the nunber
refers to the listing of sources in Table 4.6. Table 4.2 includes tota
nortality rate calculated from 1970 data on nortality by city divided by
1970 census popul ati on. Di saggregated nortality data by di sease category --
heart, vascul ar, pneunonia and influenze, enphysema and bronchitus, cir-
rhosi s, nephritis and nephosis, congenital anonalies, early infant diseases,
and cancer -- were also collected for 1970, and divided by 1970 census
population to develop nortality rates; exceptions are the congentia
anonolies and early infant disease categories which were divided by the
nunber of births in each city for 1970 in order to define an appropriate
nortality rate. Mortality data for 1970 were chosen because reliable city
popul ation estinmates are available for that year as opposed to nore recent
data requiring use of non-census year city population estinmates in place of
actual data. The di saggregation of total nortality by di sease may not be
appropri ate. However, only data on city nortality was avail able, as
indicated in Table 4.2.

Tabl e 4.3 describes per capita dietary data by city for the years 1955
and 1965. The procedure used to construct the dietary data sets was sone-
what invol ved. Food consunption estinmates were first constructed for each
of the 60 cities, using data on a sanple of about 3,000 urban househol ds,

di stri buted anong ei ght incone brackets, for four regions of the United
States, collected by the Departnent of Agriculture for 1955 and 1965. The
results are regionally-specific weighted averages of consunption of various
foods by famlies in each incone bracket, multiplied by the fraction of
each city's population in each inconme bracket. Data for specific dietary
factors were then generated by nmultiplying the consunption rates of 49
foods by their respective concentrations of a given substance. A nunber

of additional variables are available fromthe Departnment of Agriculture
for 1965 as opposed to 1955. These include total protein, total fats, and
total carbohydrates. As such, these variables provide a better indication
of broad dietary patterns as opposed to the 1955 data set.

Tabl e 4.4 describes our data on soci oeconom ¢, geographic, and snoking
vari abl es. The soci oecononi ¢ and geographic variables were chosen for
their consistency for estimating the aggregate dose-response function
hypot hesi zed in previous sections. Both the income and education vari abl es
are hypothesized to enter the demand equation for nedical care, not the
dose-response function. W nust therefore enploy the two-&age |east
squares estimation technique outlined above. Doctors per capita was chosen
as the best avail able indication of available nedical care, both in terns of
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Table 4.2

Mrtality Variables

Vari abl e Year Units Mean S.D. Sour ces
Mortality Variables
M)70 Total Mortality 1970  deat hs/ 1000 pop. 1.283 2.161 (18) (6)
HA70 Heart Disease 1970 " 4,216  1.078 (18) (6)
VA70 Vascul ar Disease 1970 " 1.566  0.395 (18) (6)
PN70 Pneunonia & Influenza 1970 " 0.375 0.114 (18) (6)
EM70 Enphysema & Bronchitis 1970 " 0.178  0.059 (18) (6)
a70 CGrrhosis 1970 " 0.238 0.106  (18) (0
NE70 Nephritis & Nephrosis 1970 " 0.058  0.027 (18) (6)
¢ B% Congenital Anom Births 1970 % 0.473 0.105 (18) (6)
| / B% Early Infancy/Births 1970 % 1.294  0.333 (18) (6)
CA70 Cancer Mortality 1970  deat hs/ 1000 pop. 1.958  0.402 (18) (6)




Table 4.3

Dietary Variables
Variable Year Units Mean S.D. Source
Detary Variables

NTR Ntrites in Food 1955 g/ yr/cap 1.27 0.14 (2) (4) (27
NTRA Nitrates in Food 1955 g/yr/cap 69. 86 9.05 (2) (4 (27)
SFAT Saturated Fatty Acids* 1955 g/yr/cap  16220.00 874. 65 (2) (3) (4
PROT Protei n* 1955  g/yr/cap  26557.00 1314.00 (2) (3) (4
CHOL Chol esterol * 1955 g/ yr/cap 234. 81 6. 98 (2) (3) (4
eI T Vitamin C* 1955 g/ yr/cap 16. 96 1.46 (2) (3) (4
CALO Cal ories 1955 kcal /yr/cap  1149.7 56. 27 (2) (3) (4)
COFF Cof f ee 1955 kg/ yr/cap 5.83 .70 (2) (3) (4
ALCO  Acohol (S value) 1955 $/yr/cap 17.30 6. 06 (2) (3) (4
XPRO Total Protein 1965 g/yricap  39845. 706. 46 (28)
XFAT Total Fats 1965 g/yricap 57512 1795.7 (28)
XCAR Car bohydr at es 1965 g/yr/cap 123490. 3623.0 (28)
XASA Ascorbic Acid 1965 mg/yr/cap 42281. 2364.2 (28)
6NTI Ntrites in Food 1965 g/yricap 1.14 .16 (4) (28) (27)
6NTA Ntrates in Food 1965 g/yricap 52.87 2. 47 (4) (28) (27)
6SFT Saturated Fatty Acids* 1965 g/yr/cap 16315 976. 3 (3) (4 (28)
6PRO Prot ei n* 1965 glyricap  28128. 1603. 4 (3) (4 (28)
6CHL Chol esterol * 1965 g/yr/cap 219.9 5.80 (3) (4) (28
6CAL Cal ories 1965 kcal /yr/icap  1171.1 27.63 (3) (4) (28)
6CVT Vitamn C* 1965 g/ yr/cap 18. 65 1.3 (3) (4) (28)
6COF Cof f ee 1965 kg/ yr/ cap 5.40 .18 (3) (4 (28)
6ALC  Acohol ($ value) 1965 $/yricap 25.97 6. 45

* Includes only aninal

products.

** |Includes only vitamin C content

for fruits and vegetables eaten fresh.
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Soci al ,

Econoni c,

Table 4.4

Ceographic, and Snoking Variables

Vari abl e Year Units Mean S.D. Sour ces
Social , Economic, Geographic
MDOC Medical Doctors 1970 M D.'s/100, 000 162.8 54.2 (19)
IN69 Median Incone 1969  $/yr/ Househol d 10763. 1060. (6)
EDUC Education 1969  9%25Yrsw/ H. S. 55.3 7.4 (6)
di pl oma
DENS Crowding In Homes 1969  9%1.5 persons/ 0. 022 0.013 (8)
room
COLD Cold Tenperatures 1972 #dgyg temp < O 86.9 47.7 (9)
NONW Nonwhi te Popul ation 1969  Fraction 0.226 0.154 (6)
MAGE Median Age of Popu- 1969  Years 28.82 2.74 (6)
[ation
Snoking  Variabl es
C156 Cigarettes 1956  packs/yr/cap+t 183.52 26. 66 (22) (4)
Cl68 Cigarettes 1968 packs/yr/captt 165. 80 23.25 (7 (1)
+ Data for states, 1960 census popul ation used.

t

Data for states, 1970 census

popul ation used.
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Table 4.5

Air Pollution Variables

Variable Year Units Mean S.D._ Sour ces

Air_Pollution
SU66 Sul fate 1966 ug/m3 10. 67 5.44 (20)
AMB6 Anmoni um 1966 ug/m3 1.15 1.42 (20)
NI 66 Nitrates 1966 ug/m3 1.96 0.68 (20)
PAG6 Suspended Particul ates 1966 ug/m3 114,83 33.97 (20)
NO69 N trogen Dioxide 1969 ppm 0.076 0.034 (11)
PA70 Suspended Particul ates 1970 ug/m3 102. 30 30.11 (13)
SO70 Sul fur Dioxide 1970 ug/m3 26.92 22.20 (13)
NI 70 Ntrate, annual nean 1971-73 ypg/m° 3.13 0.92 (14)
NI 90 Nitrate, 90th %tile con. 1971-73 ug/m3 5.21 1.80 (14)
SU70 Sul fate, annual mean 1971-73 ug/m3 10. 65 4.01 (14)
SU90 Sulfate, 90th %tile con. 1971-73 ug/m3 17. 69 7.62 (14)
LEAD Lead 1970 ug/m3 1.33 0.54 (16)
Cor4 Carbon Monoxi de 1974 mg/m3 11. 86 3.50 (15)
BETA Beta Radioactivity 1966 PCi/m3 0.261 0.091 (20)
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preventative and aneliorative care. Alternative variables such as hospita
beds per capita were judged inferior, in that underutilization of hospita
facilities is a conmon problem and adjustments for utilization factors
would prove troublesone. Also, if one assunes a |less than perfectly elastic
supply of nedical care, the doctors per capita variable is an appropriate
supply side variable in that it reflects patient |loads for doctors in a
particular city. The possible inmportance of age and cold tenperatures in a
dose-response relationship are clear. However, the nonwhite and crowdi ng
vari ables may be nore difficult to interpret. The nonwhite variable woul d
ideally control to sone extent for genetic variations in the popul ation.
Cbvi ously, however, this variable may well proxy for education, poverty,
habits, etc. Simlarly, crowding would ideally be an indication of pos-
si bl e contagion but may really proxy for poverty, old age, or even race.
Thus, the role of these variables should be interpreted with great care.

Cigarette consunption was estimated from cigarette tax revenues for
each state in which a sanple city was located; the result is thus a state-

wi de average that includes rural popul ations. Per capita cigarette consunp-
tion was estinated using the total state popul ation over 16 years of age
both for 1956 and 1968. It should be noted that both our dietary and our

snmoking variables are quite crude, reflecting problens in utilizing second-
ary data. However, the possible inportance of their effects on human health
may justify use of even these measures. W also attenpted to develop a
measure of total exposure to radiation, collecting data on beta radi oactiv-
ity in air, terrestrial gamm radiation, and cosmc ray exposures, but have
to this point been able to account for only about half of the average indi-
vi dual annual dose associated with nedi cal exposures. As a result, no
suitable total exposure variable is available at this tine.

Table 4.5 presents the air pollution variables available for testing.
All data are annual geonetric neans for each city unless otherw se specified.
Unfortunately, hydrocarbon data was only avail able for about ten of our
sanple cities and are excluded for this reason. Finally, as noted above,
Table 4.6 presents our data sources.

In summary, data available for testing include: (1) 1970 nortality
rates for total nortality and for major disease categories; (2) data on
dietary patterns for 1955 and 1965; (3) data on nedical doctors and socio-
economc factors for 1970 or a nearby year; (4) data on smoking patterns for
1956 and 1968; and (5) data on air quality for each city for 1970 or a
near by year

Since only 60 observations are available, we nmust obviously select a
subsanpl e of the avail abl e expl anatory vari abl es for hypothesis testing.
To allow straightforward statistical tests of the significance of estinmated
coefficients, it is necessary to make the sel ection of included variables
a priori_rather than testing each of the variables in various conbinations
for significance and excluding sone on the basis of relative significances.
Techni ques do exist for testing significance where pre-testing has been
enpl oyed but the standard t-statistic is no |onger applicable.

The first problemin specifying the final data set is a decision on
including lagged variables. Gven a highly mobile U. S population, the
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Table 4.6
Sources of Data
(1) Advisory Conmission on Intergovernmental Relations, State and Local

Signi ficant Features and Suggested Legislation, 1972, Tabl e
120, 1970.

(2) US. Department of Agriculture, Household Food Consunption Survey, 1955,
Reports No. 2-5.

(3) , Conposition of Foods: Raw, Processed and Prepared, Watt,
Bernice K, and Merrill, Annabell L., Agricultural Handbook No. 8, 1968.

(4) U S. Departnent of Commerce, Bureau of the Census, U.S. Census of the
Popul ati on: 1960.

(5) , &oss Mgration by County: 1965-1970, Current Popul ation
Reports Series P-25, No. 701, issued May 1977.

(6) , US.  Census of Population: 1970, Vol. 1-50.

(7) , State Tax Collections: 1968, Series G- 68 No. 1, Tables 7, 9.

(8) , 1970 Census of Housing by State.

(9) , National Cceanic and Atnospheric Admnistration, Environnental

Data Service, Clinatological Data, National Sunmary: Annual 1972, Vol.
23, No. 13, Asheville, North Carolina.

(10) U S. Environnental Protection Agency, Natural Radi ation Exposure in the
United States: 1972, Report No. ORP/SID 72-1, Table A-1, 1974 Reprint.

(11) , Alr Quality Criteria for N trogen Dioxide, No. AP-84, Tables
6-10, January 1971.

(12) , Chem cal Analysis of Interstate Carrier Water Supply System
PB- 257600/ 7BE  April, 1975.

(13) , Alr Quality Data - 1970 Annual Statistics, EPA-450/2-76-019,
Cct ober 1976.

(14) , Alr Quality for Nonnetallic Inorganic lons, 1971 through 1974:
From the National Air Surveillance Networks, EPA-600/4-77-003, January,
1977.

(15) , Ar Quality Data - 1974 Annual Statistics, EPA 450/2-76-011,

August, 1976.

(16) U S. Environmental Protection Agency, Air Quality Data for Metals 1970
through 1974: From the National Air Surveillance Networks, EPA-600/4-
76-041.
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(17)

(25)

(26)

(27)

(28)

Table 4.6
(conti nued)
Depart ment of Health, Education and Welfare, Public Health Service,

Nati onal Center for Health Statistics, Vital Statistics of the United
States: 1960.

, Vital Statistics of the United States: 1970.

, Health Manpower -- A County and Metropolitan Area Data Book.

, National Air Pollution Control Administration, Air Quality

Data from the National Surveillance Network and Contributing State and

Local Networks, 1966 Edition.

, Vital Statistics of the United States: 1972.

Tobacco Tax Council, Cigarette Taxes in the United States, 1956,
Tabl e 15.

Directory of Medical Specialists, 1960-71, Marquis - Who's Wo, Inc.

Chicago, Illinois.

Adarms, John A, et. al., eds., The Natural Radiation Environnent II,
Proceedi ngs of the Second International Synposium on the Natural
Radi ati on Envi ronnent, Houston, Texas, August 7-11, 1972.

H ckey, John, et. al., The Devel opment of an Engi neering Control
Research and Devel opnent Plan for Carcinogenic Materials, U S. Govern-
ment Printing O fice, Washington, D.C. (1977 in press).

Pazand, Reza, Environmental Carcinogenesis - An Economi c Anal ysis of
Ri sk, PhD. Dissertation, The University of New Mexico, July 1976.

Wi te, Jonathan W, Jr., "Relative Significance of Dietary Sources of
Nitrate and Nitrite," Journal of Agricultural and Food Chem stry,
Vol . 23, No. 5 (1975), Table VI, p. 890.

U S. Departnent of Agriculture, Household Food Consunption Survey, 1965-
66, Reports No. 7-10 and Reports No. 13-16.
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XFRO
XFAT
XCAR
XASA
6NTI
6NTA
6SFT
6FRO
6CHL
6CVT
4COF
6ALC

Table 4.7

Simple Correlation Matrix for 1965 Diet Variables

XERD XFAT XCAR XASA 6NTI ANTA &SFT 6FRO 6CHL. 6CVUT 6COF 6ALC
1,00 0.46-0.01 0.,53-0,64 0,43 0,16 0.29 0.67 0.88-0.14 0.70
0046 1000 0085"‘0017 0034 0074“‘0062‘”0041 0050 0013“0009"0028
0,01 0.85 1,00-0:33 0,66 0.58~0,66-0.46 0.+33-0,31-0.22-0.71
0:53-0:17-0,33 1,00-0,69-0.16 0,86 0,93 0.58 0.79-0,59 0.58
“0064 0034 0066"0069 1000 002()"‘()06&“006""‘0056"'007; 0025”"0093
0.43 0.74 0.58-0416 0,20 1.00-0.,47-0.31 0,46 0,20 0,16-0.13
0.16-0:62-0.66 0.86~0,66-0.47 1,00 0.96 0.26 0,55-0,39 0.54
0029"'0041"0046 0093"0067—0031 0.96 1000 0051 0063"'0&53 0050
0,67 0.50 0.33 0.58-0,36 0,46 0,26 0.51 1.00 0.,64-0.48 0.21
0.88 0,12-0631 0.79~0.77 0,20 0,55 0.63 0.64 1.,00-0.,16 0.81
~0.14-0,09-0,22~0.59 0,25 0,16-0,39-0.53~0.48-0.16 1.00 0.03
0.70-0,28-0,71 0.58-0,93~0.13 0,54 0.50 0.21 0,81 0,03 1.00



question becones, "do people now living in a city represent the sane sample
as individuals who lived in cities 14-15 years before (the lags on snoking
and diet, respectively)?" If the answer is no, and if people carry their
dietary and snoking characteristics with themas they nove, the nobst recent
available data is likely to better represent long-termdietary and snoking
patterns of individuals in a particular city. For these reasons, in this
study, we use the available data closest to 1970 throughout. However, it
may well be, for diseases with long |ags such as cancer, that |agged vari-
ables are superior in any case. The real answer is, of course, to account
properly for nmobility -- a near inpossibility when using aggregate data

The second consideration in specifying variables for inclusion is nulti-
collinearity, Typicall, nulticollinearity problems can be avoided if the
sinmple correl ati ons between expl anatory variables are less than 0.4 to 0.6.
Tables 4.7 and 4.8 present sinple correlation matrices for 1965 diet and air
qual ity variables, respectively.

Table 4.7 shows that a very high level of collinearity is probably
present anong dietary variables. It appears so high, in fact, that the
probl em becones one of finding a set of dietary variables which is suf-
ficiently non-collinear to allow reasonable estimation of individual coef-
ficients. Perhaps the broadest indicators of dietary patterns are the
total protein (XPRO), total fat (XFAT) and total carbohydrate (XCAR)
variables. Protein and fat will tend to indicate high consunption of neat.
and nuts, while high carbohydrate consunption will indicate consunption of
grains, fruits, vegetables, and refined sugars. However, total carbohydrate
and total fat have a correlation coefficient of 0.85, too high to allow
inclusion of both variables in an estinated equation. However, if we
replace total fats (XFAT) with animal fat (6SFT), a good proxy for con-
sunption of saturated fats, the correlation between fat (now animal fat)
and carbohydrates drops to 0.66, which although still high, will likely
cause less difficulty. Thus, we include these three diet variables as
broad indicators of dietary patterns where, however, it must be clearly
recogni zed that the estinated coefficients on these variables may well
include the effect partially or totally of a nunber of other highly col-
linear dietary variables. For exanple, total protein (XPRO has a cor-
relation with cirrhosis, one mght justifiably doubt that a causal relation-
ship exists between protein and cirrhosis as opposed to one between sl coho
and cirrhosis.

Tabl e 4.8 suggests that nulticollinearity may well be a problemwithin
the air quality data set as well. G ven previous research (see, for exanple,
Lave and Seskin, 1977), the air quality neasures of nobst concern are those
for NO,, SO,, sulfate, and particulates, so we focus on these variables

here. However, our neasures of SO,and sulfate for 1970, the year of the
nortality data, are highly collinedr -- S070 and SU70 have a sinple correl-
ation of 0.74 -- so any separation of their relative inportance is likely

i npossible. As a result, we use SO, (S070) as a proxy variable for both
pol lutants. Note also that among the included air pollution variables,

NO, (NO60), particul ates (PA70), and SO, (S070), collinearity problens my
exIst with respect to anmonium carbon ﬁonoxide and | ead (sone correl ations
greater than or equal to 0.4). Since we exclude these variables here (as
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Table 4.8

Simple Correlation Matrix for Air Quality Variables

AM6S NI&LS HU&E NOEY FALSE FAZ0 SO70 NIZO NIYO LEAD CO74 SU70 SU90
AMGS  1.,00-0.16 0.78 0.28 0,51 0432 0.52-0.15-0.08 0,04 0,14 0.66 0.64
NISGO =0416 1,00 0,07 0.36 0,24 0,08 0,04 0,48 0,44 0,51 0,19 0,07-0.01
UL 0478 0407 1,00 034 0,68 0,43 0,72 0,08 0411 0.07 0,28 0.86 0.73
NOGY  0.28 0,36 0.34 1,00 0,30 0,09 0035 0,31 0.33 0,40 0.21 0,37 0.21
FAGE  0.51 0,24 0.68 0.30 1.00 0,69 0.50 0,11 0,12 0,19 0.36 0,33 0.53
FAZO  0.32 0,08 0.43 0.09 0,49 1.00 0.25 0,17 0.11-0,00 0,36 0,37 0.31
070 0,32 0,04 0.72 0435 0,60 0.25 1.00 0,20 0,28 0.10 0.50 0,74 0.56
NIZ0 =013 0,48 0,08 0,31 0,11 0417 0420 1,00 0.92 0,18 0.24 0,19 0.04
NIPO ~0.08 0.44 0,11 70,33 0,12 0.11 0,28 0.92 1,00 0.20 0.24 0.22 0.14
LEAD 0,04 04351 0407 0.40 0,19-0.00 0,10 0,18 0,20 1,00 0.20 0.00-0.08
CO74 0,14 0,19 0,28 0.21 0,36 04346 0,50 0.24 0,24 0,20 1,00 0.34 0.25
BUZ0 0466 0,07 0.86 0437 0,53 0.37 0.74 0,19 0,322 0.00 0.34 1,00 0.85
BUZ0  0464-0,01 0.+73 0.21 0,53 0431 0.%6 0,04 0,14-0,08 0.2% 0.85 1,00



9y

Table 4.9

Simple Correlation Matrix for Included Variables

NONW MAGE IN69 EDNUC DNENS COLD CI&8 XFRO XCAR 6SF1 NO6? S070 FA70
NONW 1,00 0.02-0.,26-0,22 0,40~0,04 0,02 0,02 0,23 0,02 0.22 0,29 0.03
MAGE  0.02 1.00 0,08-0,14-0.30 0,01-0.05 0.22-0.,24 0,32 0,21 0.25 0.13
INGY ~0,26 0,08 1,00 0,49-0.32 0,02 0,05 0,20-0,23-0.05 0:12-0,12-0,205
EDUC -0.22-0,14 0,49 1,00~0,22 0,04-0.28 0.26~0.35-0,13~0,16-0.34-0,24
DENS 0.,40-0,30~0,32-0,22 1,00-0,38-0.08 0.03 0.39~0.26 0.08-0.03-0.,07
coLn “0004 0001 0002 0004“0038 1000 0033"0060“0038 0034“0003 0035 0034
CI468 0.02-0,05 0,05-0,28-0,08 0,33 1.00-0,24-0,01 0,09 0+17 0.23-0.08
XFRO 0,02 0,22 0,20 0.26 0,03-0,60-0.24 1.00-0.01 0+16 0.11-0.08~0.31
XCAR  0.23~0.24-0,23-0,35 0,39-0:38-0.01-0.01 1.00-0.66-0,18-0.33-0,03
G6SFT 04,02 0.32-0,05~0,13-0,26 0.34 0,09 0,16-0.66 1.00 0,16 0.39 0.12
NOGY  0.22 0,21 0.12-0.16 0.,08-0,03 0.17 0.11-0.18 0.16 1,00 0.35 0.09
5070 ¢ 29 0.25-0,12-0,34~0,03 0,3% 0.23-0.08-0.33 0.59 0.35 1,00 0.25
FA70 0,03 0,13-0,25-0,24-0,07 0,34-0.08-0,31-0.0% 0,12 0.09 0.25 1.00
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BIRMG
MONTG
FHOEN
TULCSN
LROCK
LONGE
S INS L
SANDI
SFRAN
HARTF
NEWHA
WATER
HASHG
ATLAN
CHICA
ECHIG
ININIA
SHEND
DESMO
IUpUR
TOFEK
WICHI
LEXNG
LouUIs
NEWOR
BALTI
RETRO
GORAF
MINNE
KCITY
STLOU
OMAaHA
CAMDN
JCITY
NEUWRK
ALEUQ
NYORK
AKRON
CINNC
COLUM
DAYTN
TOLED
YTOWN
TULSA
FLAND
FHILA
FITTS
REDDG
FROVI
CHATT
MEMFH
naLLs
HOUST
FASSA
SANAN
SALTC
NFOLK
RICHM
SEATT
CHARL

ne
6h

Mu

NE

OH

OR
PN
PN
N
RI
TN
TN
TX
TX
TX
X

VA
va
WA
Wy

Comnlete Listing of Data

MO70

11.283

2,161
14.008
10.136

8.4%98
10,151
11.480
12.074
11,792

7.638
13.112
11.246
11,111
11,219
11,700
11.809
12.317
12,239

8.171
10.814
1i.117
10.945

2.247

8,393

9377
13,539
12,408
12.614
12.184
11.986
12,661
11.513
15.602

2,513
12,696
12,946
11.616

8.230
11.526
10,609
13.385

?.489
11,925
11.141
13,043

8.561
13.317
12,553
14,062
15.198
13.727
15.141

9.358

8.423

7.803

5.018

8.131
11,2446

8,008
12,503
12,047
14.321

Table 4.10

VA70
1.566
00390
2.758
1.619
1.040
1.327
1.927
1.782
1.628
1.214
1.808
1.329
1.314
1.814
1.249
1.4636
1.363
1.894
1.280
1.6847
1.485
1.4689
1,508
1.276
1.443
2,150
1.523

$ 242
1.375
1.771
2.125
1.6648
2,134
1.417
1.307
1.305
1.043
0.993
1.148
1.503
1.686
1.416
1.4646
1.701
1.953
1.345
2.287
1.376
1.873
2,407
1.6463
2,242
1.536
1.108
1.001
G526
1.217
1.478
1.085
1.899
1.850
1.410

47

|
s5ed

HAZ70
4,216
1.078
J3.925
2,904
2.884
3.347
4.155
5,106
4,500
2,728
4.618
4,025
4,997
4,897
3.845
3.596
5.589
4.300
2.889
3.735
4,517
1.718
3.720
3.052
3.588
S5.057
4.829
4.921
4,615
4,604
4.784
3.431
64130
3.501
5.383
5.703
4,712
2,162
4,710
3,805
5.299
3.378

- 44425
4.343
4,929
2,%43
4.843
4,484
5,127
6.412
G.731
5.895

- 3,222
2.834
2.614
1.613
2.606
3.4684
2,939
4,627
4,372
6,028

FNZ2O
Q.37
Ge.lla
D.349
0,195
0.359
G.373
0.271
0.332
2,281
G165
0.440
0,405
0,392
0.324
0,590
0.515
¢.413
0.847
C.2a7
0.334
0.314
0,608
0,264
0.2353
0.342
V.37
0.361
0.250
0.436
0.389
0.414
0.333
0,546
0.328
0.439
0.526
0.382
0.308
0,514
0.240
0.3522
¢.302
0.427
0.380
Q0,486
G244
0.384
0,405
0.498

w292

0,379
0,354
0.269
0,261
0.266
0.202
0.266
0.273
0,260
0.501
0,377
0.727

LM70
0.1/8
0. 0LY
0216
0.127
0.279
0,422
0.0v8
0.212
0.195
0.148
0,187
0,171
0.116
0,176
0,132
0.187
0.117
0.128
0.117
0.127
D239
0,12
0,168
G.199
0,065
0.293
0.158
0152
0.197
0,182
0,193
0.199

0.222

0,204
0.224
0.196
0.133
0.205
0.119
0.200
0.214
0.187
0.250
0.221
0.186
0.148
0.243
0.148
0,115
0.158
0.156
0.202
0.159
0,159
0.119
0.112
0.12
0.262
0.094
0.140
0.213
©.280 -
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BIRMG
MONTG
FHOEN
TUCSN
LROCK
LONGER
DAKLD
SANDI
SFRAN
HARTF
NEWHA
WATER
WASHG
ATLAN
CHICA
ECHIG
INDIA
SBEND
LESMO
DURUQ
TOFEN
WICHI
LEXNG
LOUIS
NEWDR
HALTI
DETKO
GUKRAF
MINNE
KCITY
STLOU
OMAHA
CANIIN
JCITY
NEWRK
ALEUQ
NYORK
ANRUN
CINNC
COLUM
DAYTN
TOLED
YTOWN
TULSA
FL.AND
FHILA
FITTS
REDDG
FROVI
CHATT
MEMFH
DALLS
HOUST
FFASSA
SANAN
SALTC
NEOLK
RICHM
SEATT
CHaRL

c170
0.238
0.106
0.116
0.112
0,205
0.198
¢.188
0.290
¢.358
0.191
0.646
0.329
¢.211
0.333
0.489
0.213
0.289
0.298
0.140
0.159
0,130
0,096
0.104
0,116
0.176

0.288 |

0.189
0.394
0.413
0.187
0,214
0.187
0.268
0.184
0.41¢9
0.428
0.290
0.254
0.352
0,160
0,190
. 0.143
0.177
0.190
0.243
0.130
0.314
0.219
0.277
0.251
0.262
0.218
0.154
0.165
0.166
0.101
0.194

0.222

-l e
0.146
0.248
0.2466
0,392

Table 4.1qQ

(continued)

NEZ70 C\HZ
0,058 0.473
0,027 0,105
0.116 Q909
0.112 0,243
0,029 0,246
0.027 0.688
0,045 0.478
0,028 0.482
0.047 0,401
0.030 0,467
0.049 0.368
0.032 0.506
0.022 0.513
0.037 0.3%6
0,081 Q0.401
0.131 0.355
04,062 0.430
0106 0.561
0.05 0.441
0.080 0.549
0.020 0,619
0.064 0.413
0.024 0.392
0.036 0:506
0.037 0.359
0.035 0.436
0.091 0.609
0.043 0.456
0.067 0.470
0.035 0.579
0.028 0.544
0.049 0.384
0.0%90 0.475
0.043 0.486
0.068 0.319
0.111 0.412
L0.092 0.489
0.025 0.518
0.055 0.42
0,051 0.430
0.053 0.474
0.041 0.456
0,078 0.50¢4
0.044 0.506
0.086 0.865

. 0.036 0.491
0.044 0.588
0,066 0,535
0.071 0.4%0
0.023 0.676
0,084 0.600
0.076 0,356
0.056 0.572
0.0314 0.512
Q. 039 0.436
0.011 0.526
0.064 0.377
0,080 0.296
0.052 0.411
0.072 0.377
0.053 0.416
0.098 0.421

48

INBX
1.294
0.333
1.327
1.3235
0.97%
0,994
1,299
1.04%
1.250
1.058
0.934
1.5t
1.7598
o i.19y
1.937
1,539
1,612
1.79a
1.2%4a
1.450
1.381
1.570
0.9240
1.46%
0.934
1.237
1,497
1,417
1.320
1,183
1.258
1.318
1.449
1,362
1.716
1.687
1.997
1.132
1.245
1.291
1.040
0.944
1,224
0.127
1.259
1.188
0.874
1,713
1,510
1.14%
1,327
2.10%
1.143
1.297
1.264
0.789
1.182
0.765
1.447
1.684
1.075
0.843

CA70
1.958
0.402
2.343
1,732
1.499
1.942
2.04%
2.090
1.316
2,493
1.987
2.004
1. 999
2,000
1.789
2.038
2,022
1,573
2.142
1.91¢9
1.894
1.568
1,454
1.517
2.304
2.158
2,228
2.126
2,155
2,281
1.871
2.562
1.776
2.048
2.241
1.663
1.276
2.151
1.968
2.510
1.740
2.048
1.964
2.389
1.586
24425
2.170
24426
2.818
2.690
2,469
1.644
1,397
1,311
0,941
1,373
1.5°8
1,322
1.959
2,174
2.671
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BIKMG
MONTG
FHOEN
TUCSN
LROCK
L.ONGE
QAKLD
SANDY
SFRAN
HARTF
NEWHA
WATER
WASHG
ATLAN
CHICA
ECHIG
INDIA
SKEND
DESMO
HURUQ
TOFEK
WICHI
LEXNG
LouIS
NEWOR
BALTI
LETRO
GORAF
MINNE
KCITY
STLOU
OMAHA
CAMDN
JCITY
NEWRK
ALBUQ
NYORK
AKRON
CINNC
coLunm
DAYTN
TOLED
YTOWN
TULSA
FLAND
FHILA
FITTS
REDDG
FROVI
CHATT
MEMFH
DALLS
HOUST
FASSA
SANAN
SALTC
NF LK
RI1CHM
St AT
CHAKL

Wy

Table 4.10

(continued)

MAGE vlag
28,820 165.798

2737 23,247
29,700 136.604
27.700 136.604
27,500 128,693
26 .800 12844693
29,600 150.5%91
32,700 157.477
31.400 157.477
25.800 157.477
34.200 157.477
27 .800 201 .869
27.800 201.849
31,300 201 .869
28,400 137.7265
27,200 159.601
29.600 189.522
27.700 191.3140
27.100 1921.140
29.600 191.140
28,600 158.907
235,000 158.907
28.000 146.046
27,000 146.046
24,5600 203,395
30.100 203,395
27.900 182,361
28,700 146,384
29.300 202,420
27.100 202,620
29,100 146.797
29.5%00 166.797
31.400 164.693
26,700 152,560
27,500 148,636
30.700 148.636
25.900 148.636
25.100 157,395
32,400 152.273
28.500 183.177
28.800 183.177
25.400 183.177
27.800 183.177
28.700 183.177
31,400 183.177
28.700 111.392
32.600 170.820
30.900 147,692
33.400 147,692
36.900 147 .692
32,100 191,745
31.100 160,097
286,100 160,097
27.200 171.5993
26,000 171.593
24,400 171,593
24,800 171.593
27.700 100734 -
24,000 172.618
29,500 172.618
31,900 143.939
34,600 181.301

49

MLaC
162.807

=AML
e LD

142.000

80.400
148.500
166.600
229.800
186.800
239.600
149,400
239.600
195.100

- 327.300

377.300
203.400
159.500
161.400

48,700
141,400
120.300

"175.500

105.300
127.500
111.500
98.900

159,500
209,100
200,400
152,700
125,900
156.800
156.600
144.800
160.100
158,200
101.900
195.400
188,100
250,200
143,400
157.000
186 .300

113,500

128,600

128.600

143.400

186,200

207,000
144,300

112,400

157,000

120,700

167,900

154.800

144,500

144,500

119.600

193,600

93.600

© 231,100
1854300

, 89,700
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KIRMG
MONTG
FHOEN
TUCSN
LROCK
LONGE
OAKLD
SANIIX
SFRAN
HARTF
NEWHA
WATER
WASHG
ATLAN
CHICA
ECHIG
INDIA
SHEND
DESMO
DueLQ
TOFPEK
WICHI
LEXNG
Louls
NEWOR
BALTI
DETRO
GLRAF
MINNE
KCITY
STLOU
OMAHA
CAMDN
JCITY
MNEWRK
ALERUQ
NYORK
AKRON
CINNC
COLUM
DAYTN
TOLED
YTOWN
TULSA
FLAND
FHILA
FITTS
RELIDG
PROVI
CHATT
HEMPH
DALLS
HOUST
PASSA
SANAN
SALTC
NFOLK
RICHM
SFATIT
CHARL

DENS
0.022
0.013
0.037
0,037
0.027
0.032
0.017
0.013
¢.023
0.019
0.027
0.029
0.019
0.015
0.048
0.034
0.026
0.047
0.017
0.010
0.010
0.018

0.011"

0.013
0.026
0.019
0.055
0.017
0.016
0.007
0.010
0.017
0.044
0.013
. 0.018
0.026
0.040
0.022
0.029
0.007
0.028
0.010
0.015
0.001
0.011
0.010
0.008
0,013
0,013
0,006
0.010
0.026
0,049
0.028
0,032
0.018
0.062
0,015
0,021
0.018
0.010
0.012

Table 4.10

(continued)

NONW INGY
0.226 10762 .899
0.154 10L9.5462
0.422 8692.000
0.336 9933.000
0.067 11329.000
0,052 9922,000
0.251 10438.000
0.082 11804.,000
0.407 11279.000
0,111 11664.000
0.286 12507.000
0,292 10011.000
0.274 10444,000
0.105 11500.000
0,723 12189.000
0.516 1065$6.000
0.344 13527.000
0,264 10068.000
0.184 12260.000
0.147 11431.,000
0.0462 11350.000
0.003 11274.000
0,096 10830.000
0.107 10940.000
0.174 10033.000
0.24%1 ?2980.000
0.045 10246.,000
0.470 1003%.,000
0.445 11015.000
0.120 11242.000
0.064 11127.000
0.228 11304.000
0.413 2268,000
0.106 114605.000
0.402 8627.000
0.222 1028%5,000
0.9560 8637.000
0.043 10926.000
0.234 11632.898
0.178 11152.000
0.281 10435.000
0.190 10848.000
0,309 10329,000
0.143 11590.000
0,258 9928,000
0.134 11642.,000
0.078 11377.000
04344 10431.000
0.207 10536.000
0.068 969%5.000
0.100 10208.000
0.360 8336.000
0,392 10104.,000
0.258 12474.,000
0,266 11737.000
0,005 11822,000
0.08s6 9027 .000
0.032 10812.000
0.302 9236.000
V.44 10620.000
0.126 12557.000
0.108 1086%5.000

50

EnUC
55.298
7.439
45,400
S1.600
60,100
63.100
56,500
62,000
66.100
65,300
66,100
59,100
56.800
49,900
68.500
53.400
53.900
53.600
56,000
54,200
68.000
54.600
64,800
63,200
60.100
46,900
45,800
44,4600
52,100
$4.000
664100
60.100
48,000
+62.700
50.600
36.300
S$5.100
664200
51.800
554600
48.400
60,700
$6.200
51,700
52.100
58.200
62,900
$50.600
53.400
43.300
45,900
47,600
49.200
54.800
51.700
51.700
446,800
68.500
48.300
47.100
67.800
L2.800

- CoLp

86.900
47.654
48.000
29.000
13,000
22,000
51.000

1.000

7.000

0.0
11.000

147.000

102,000

102,000

114,000
45,000

132,000

132,000

122,000

131,000

151,000

"152.000

122,000
122,000
?4.000
91.000
12,000
90.000
126.000
157.000
167,000
106.000
118.000
144.000
89.000
79.000
84.000
122,000
79.000
133.000
100.000
114,000
125.000
157.000
150.000
82.000
42,000
89.000
124.000
89.000
128.000
70.000
61,000
34.000
21.000
21.000
23.000
110.000
31.000
68.000
32,000

. 95.000
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60

BIRMG
MONTG
FHOEN

- TUCSH

LROCK
LONGE
BAKLD
SANDI
SFRAN
HARTF
NEUWHA
WATER
WASHG
ATLAN
CHICA
ECHIG
INDIA
SEEND
DESMO
DUBUR
TOPEK
WICHI
LEXNG

Louis.

NEWOR
BALTI
DETRO
GIRAP
MINNE
KCITY
STLOU
OHAHA
CAMDN
JCITY
NEWRK
ALRUR
NYORKN
AKRON
CINNC
COoLUM
DAYTN
TOLED
YTOUWN
TULSA
PLAND
PHILA
FITTS
REIDG
FROVI
CHATT
MEMFH
paLLS
HOUST
FASSA
SANAN
saLic
NFOLK
R1CHH
SEATY
CHARL

AL
AL
AZ
AZ

(of]
CA
Ca
ca

cT
cT
nc
GA
1L
IN
IN
IN
10
10
KA
KA
KY
KY
LA
MO
MI
MI
MN
MO
MO
NE
NJ
NJ
N.J
NM
NY
OH
aH
OH
OH
OH
OH
OK
OR
FN
PN
FN
RI
T™
TN
X
TX
X
>
ur
VA
VA
WA
W

Table 410

(continue!)

&SFT
16314.00L1

$75.743
15079.500
15030.398
16116.699
16054.102
15186.500
16079.102
14030.898
16090.398
16030.898
18240.500
18118.801
18255.801
16219.500
15737.398
16404.699
16295.000
16261.102
16198.398
16244.699
16153.102
16070.801
16040.102
15555.4602
15563.398
15119.199
15724,.500
146419.898
16266.801
16431.801
16217.199
16175.398
16177.3%8
17976.199
18157.500
18148.801
16052.102
18028.102
16307.500
16160.301
16194.8%98
16349.199
16273.801
16232.802
154467.898
16006.199
18187.398
182897.898
18399.699
18237.699
15181.398
15129.301
15717.000
15626.500
15947.398
15080.699
16013.500
15177.000
15640.65
16040,199
15234.301

XLAR
123491.313

3618.011
129119.,000
128765.000
1209592.000
120957.000
129263.000
1205192.000
12034%5.000
120865.000
120345.000
121166.000
120707.000
120882, 000
126710,000
128113.,000
121525.,000
121512,000
121447.000
121453.000
121511.000
121495.000
121291.000
121060.000
128726.000
128982.000
128678.000
128374.000
121501.000
121560.000
121751.000
121345.000
121333.000
121345.000
119345.000
120490.000
121000.000
120684.000
120486.000
121535.000
121335.000
121321.000
121493.000
1215446.000
121441.000
129016.000
121115.000
120737.000
120748,000
1210%50,000
120540.000
129239.000
1288446.000
128359.000
128489.000
128755.000
129045.000
121539.000
128966.000
128727.000
120738.000
129243.000

51

AFRO
39844,547

706.747
39H17.,699
39264,.801
406964199
40395.500
394630.301
41050,398
41306.898
40788.801
41306.898
40740.000
40348.500
40413,301
40232,000
40143.199
39337,301
39144.000
39100.199
39005.500
39094.,000
38978.102
38877.500
38827.102
39981 .301
40212.000
39532.602
40248.398
39346 .500
39095.500
39322.000
39047.199

.39030.199

38997.801
39194.500
39916.699
40602,398
404546.,801
40287.301
39152,102
39006.602
39035.602
39215.699
39135.398
39032,500
39958.602
40881.301
40271.699
39978.4602
40029.699
39969.000
39708.500
39551.301
40155.199
40134,.500
40795.199
39443.499
40791.102
39734.602
40184.4699
41333.4699
39718.398
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BIRMG
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LROCK
LONGE
DAKLT
SANDI
SFRKAN
HARTF
NEWHA
WATER
WASHG
ATLLAN
CHICA
ECHIG
INDIA
SREND
NESMO
j0) 1R ]
TOFEK
WICHI
LEXNG
LOUIS
NEWOR
BALTI
DETRO
GORAF
MINNE
KCITY
sTLou
OMAHA
CAMDN
JCITY
NEWRK
ALBRUG
NYORK
AKRON
CINNC
coLUM
DAYTN
TOLED
YTOWN
TULSA
FLAND
FHILA
FITTS
REDDG
PROVI
CHATT
MEMFH
DALLS
HOUST
PASSA
SANAN
SALTC
NFOLK
RICHM
SEATT
CHARL

" Table 4.10
(continued)

NuUsY
0.076
0.03%4
0.093
0.016
0.089
0.028
0.012
0.182
0.053
0.106
0,095
0.077
0.072
0.037
0.069
0.096
0.160
0.086
0.079
0.031
0.033
0.072
©.023
Q.0564
0.062
0.0%96
0.061
0.099
0.116
0.090
0.076
0.045
0.135
0.075
0.128
04,065
0,092
0.048
0.142
0,038
0.099
0.087
0.057
0.096
0,083
0.033
0.058
0.024
0.113
0.081

- 0,087
0.042
0.078
0.074
0.105
0.050
0.0635
0.0460
0.077
0.088
0.095
0.092

FAZ0
102,300
30.107
138,000
?1.000
117.000
104,000
71.000
102,000
69.000
88.000
52.000
67.000
100.000
?5.000
?9.000
88.000
58,000
189,000
96.000
?2.000
134.000
194,000
.97.000
95.000
71.000
117.000
79.000
136.000
128.000
77.000
88.000
84.000
120.000
132.000
114.000
108,000
111,000
102,000
109.000
684000
25,000
?7.000
102,000
111.000
134.000
110.000
&0.000
144,000
137.000
121.000
?3.000
127.000
86.000
105,000
90.000
80.000
58.000
88.000
83.000
49.000
58.000
183,000
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$070
26.917
22.197
10.000
7.000
?.000
7.000
8.000
35.000
10.000
10.000
?.000
$7.000
40.000
17.000
28.000
20.000
73.000
87.000
51.000
10.000
11.000
14.000
8.000
6.000
12.000
234000
7.000
54,000
38.000
13.000
38.000
. 6,000
42.000
12.000
6£9.000
73.000
37.000
6.000
45.000
70.000
18.000
22.000
25.000
13.000.
30.000
8.000
14,000
78.000
57.000
30.000
467.000
18.000
17.000
7.000
10.000
2.000
8.000
?.000
26.000
24.000
22.000
27.000



have nost previous i nvestigators) some unknown contribution fron1these pol -
lutants may be included in estimted coefficients on No ?, and partic-

ul at es.

A conplete correlation matrix for our choice of included variables is
presented in Table 4.9 with the exception of the doctors per capita variable
for which we use two-stage least squares. Several interesting collinearity
issues are apparent here as well, not necessarily as a multicollinearity
probl em since the highest sinple correlation is 0.66 within the data set,
but rather as an indication of problens of exclusion of variables in previous
studies. For exanple, (S070) shows a correlation of 0.59 with anim
fat consunption (6SFT) ang a correlation of 0.23 with cigarette consunption.
In other words, air pollution as neasured by SO, might not be orthogona
with respect to diet and snoking. The inplication is that diet and snoking
probably must be included to obtain unbiased estinmates of the effect of SO2
on human health

The final data set used in the analysis is presented is its entirely in

Tabl e 4.10. [Qualified investigators w shing to know about the additiona
data collected may obtain a conplete listing by contacting the authors].

4.5 Enpirical Analysis

The first step in estimating the nodel of human health we have specified
is to attenpt to account for human adjustnents to disease in the form of
medi cal care (doctors per capita). Thus, we first estimate a reduced form
equation which has as the dependent variable doctors per capita and as
i ndependent, exogenous explanatory variables: nmedian age, % non-white,
density, cold, per capita consunption of cigarettes, protein, carbohydrates,
and animal fat (all exogenous variables fromthe dose response function);
as well as per capita income and education |evel (exogenous variables in
the determination of the demand for doctors). This estimted equation is
shown in Table 4.12 bel ow.

Note that we have chosen linear specifications throughout the anal ysis.
The linear formhas several advantages. First, the entire nodeling frame-
work can be interpreted as providing a set of first-order approxinations

of the slopes (the effects) of the variables in the nodel. As a linear
approxi mate system the estimated effects, if unbiased, only hold true for
t he nei ghborhood of the estimate -- that is for values of the variables

near the neans of our sanple. Since we do not know the precise form (pre-
sumably nonlinear) which our functions take, we are at |east not inplying
more about our know edge of effects than the data can support. However, if
significant nonlinearities do exist over the range of the data in our sanple
(and sone of the estimated effects seemto inply this), then we have intro-
duced a specification error by choosing |linear estinmates.

The second step in our analysis, then, is to generate, from the estimated
reduced form equation and from data on exogenous variables in the nodel
an estimated doctors per capita variable (DOCH) to replace actual data on
doctors per capita(MDOC) in the estimation of specific dose-response
functions. Table 4.11 summarizes our results, while Tables 4.13-4.22 give
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k2

Summary  of

Hypot heses not

Two- Stage Li near

Rejected at

Table 4.11

Estimtes of

Factors

in Himan Mrtality

the 97.5% Confidence Level

(One-tailed t-test, t > 2.0)

Vari abl e Tot al Pneunoni a | Emphysema Congeni t al Early

Sign of Hypothetical Mrtality| Vascul ar Heart and and Ki dney Birth I nf ant
Effect) Rat e Di sease | Disease | Influenza | Bronchitis [Cirrhosis [Di sease | Defects Di seases | Cancer
Doctors/Capita* (-) - - - - - -
Median  Age (+) + + + + + + +
% Nonwhite (4 + + + + + +
Cigarettes (4) + + + +
Room Density (+) + + + +
Col d (4 + + +
Animal  Fat (4 +
Protein (+) + + +
Car bohydr at es (?) -
NO, (+)
SO, (+) +
Particul ate (+) +
R .82 .60 77 .54 .39 .64 .54 .22 .55 .86
* Two-stage estimator enployed.




i ndividual linear estinated dose-response functions where the first equation
reported excludes the air quality variables and the second (for conparison)
includes these variables. Note that the basic nodel actually excludes air
quality. This reflects the approach taken; to first devel op a nodel of
hunan health based on variabl es which are hypothesized to have | arge effects
-- age, nedical care, snmoking, diet, etc. Once a basic nodel of satisfac-
tory explanatory power is specified, it then may be appropriate to test

for variables such as air pollution which are hypothesized to have smal

ef fects.

We choose a 97.5% confidence level (¢t > 2.0) for the entire analysis.
It should be noted that if actual doctors 2per capita are enployed, the
variable is highly nonsignificant both when used in total nortality or
when used in any of the conponent diseases. However, as indicated in our
summary of results shown in Table 4.11 the estimated two-stage doctors per
capita variable is highly significant and has a uniform negative effect on
nortality rates in total nortality, vascular disease, heart disease
enphysema and bronchitis, kidney disease, and cancer. W conclude, then
from a properly structured hypothesis test, that we cannot reject the
hypot hesi s that nedical care has a.highly inportant effect on human nortal -

ity.

Both the nedian age and % nonwhite variables are w dely significant
across the estimated equations and show up with uniformy positive effects
on nortality rates

Cigarette consunption shows significant positive partial correlations
with total nortality, vascular disease, heart disease and cancer, while
room density and cold both show significant positive partial correlations
with total nortality and pneunonia and influenza. Room density al so shows
significant positive correlations for cirrhosis and ki dney di sease.

The dietary variables show significance in total nortality, heart

di sease, and cancer -- correlations between heart di sease and saturated fats
and between cancer and nmeat consunption (note the positive association for
protein) have long been recognized -- as well as in enphysema and bron-
chitis.

Again, however, it nust be stressed, especially for the dietary variables
that collinearity abounds and the estimated effect nay really not be re-
lated to the specified variable but to a highly collinear one. Simlarly,
an estimated effect nmay include the sumof the effects of several collinear
vari abl es. In other words, causality is not established by correlation.
However, we cannot reject the hypotheses that doctors, cigarettes, and diet
are all highly inportant in determning human nortality rates. Unfor-
tunately, these variables have typically been excluded from previous aggre-
gate epidem ol ogi cal studies [Schwing, et. al. (1974) do, however, include
a snoking variable].

Turning to the air quality variables, only two significant partial cor-
rel ations appear -- between particulates and the pneunonia and influenza
variable, and between SO, and the early infant disease variable. The [at-
ter of these effects is consistent with the work of Lave and Seskin (1977).
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Table 4.12

Reduced Form Equation

MDOC S5 -- 10 11 13 14 21 24 54 25 27 41
VAR E T
X10-NONUW 30.447 1.1020
X11-MAGE 1.3513 0.50439
X13-IN69 061649002 0.86708
X14-EDUC 1.9399 1.3418
X21-DENS 161.53 0.26107
X24-COLD ~0.+12806 ~0.53850
X54-Clé8 0.45771 1.4919
X25-XFRO 0.22302D0-01 1.4136
X27-XCAR 0.,228040-02 0.72804
X41-65FT 0.,240020~01 1.9402
CONSTANT ~1691.3 ~-2.7124

R-S5QUARE= 0.3877
S8R= 0.,106201406 OF= 49
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Table 4,13

Total Mortality

MO70 I —— 41 10 11 21 24 54 25 27 41
VaR B T
X61-00CH ~0.530310-01 ~4,7501
X10-NONW 3.6092 S5.0448
X11-MAGE 0.66172 12,340
X21-DENS 31.910° 2+.4494
X24-COLID 0.14370D~-01 3.1093
X54-C168 0.218%960-01 3.075G8
X25-XFRO 0.19325D-02 3.7525
X27-XCAR =~0.829070-04 -1.5347
X41-6SFT 0.36251D-03 1.5938
CONSTANT ~78.673 ~3.7149
R-SQUARE= 0.8195
88R= 49 .74 nFE= 50
M0O70 1 - 61 10 11 21 24 54 25 27 41 31 57 &0
VAR B T
X61-T0CH =0.527970-01 ~-4,3493
X10-NONUW F5.6276 4.3620
X11-MAGE 0.65893 11.540
X21-DENS 31.772 2.34469
X24~-COLD 0.14436D-01 2.92089
X54-CIs68 0.219680-01 2.8120
X25-XFRO 0.191960-02 3.5822
X27-XCAR ~0.7943101~04 ~1+3612
X41~68FT 0.397830-03 1.43508
X31-NOs69 1.6457 0.35799
X57-8070 =-0.313020~-02 -0, 34850
X60~-FA70 0.107440-02 0.,20059
CONSTANT =~79.296 ~3+5115

R—-SQUARE= 0.8205
885R= 49 .48 DF= 47
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VA70 2

R-SQUARE=

S8R=

VAZ70 2

R-SQAUARE=

S58R=

VAR

xX461-DOCH
X10-NONUW
X11-MAGE
X21-DENS
X24-COLDN
X54-C148
X25-XFRO
X27-XCaAR
X41-6SFT
CONSTANT

VAR

X61-DOCH
X10-NONW
X11-MAGE
X21-DENS
X24-COLD
X54-Clé8
X25-XFRO
X27-XCAR
X41-48FT
X31-NO&6?

X57-8070

X60-FA70
CONSTANT

- &1

Table 4.14

Vascular Disease

0.5637

3.998

0.6022

3.663

R

~0.702230-02
0.37954
0.10936
1.7016
0.176930-02
0.30001D0-02
0.185420~03
~0.1348600D-04
~-0.84316D~-04
~-59.3672

DF=

E

~0.880880-02
0.63816
0.11671
2.7540
0.209610-02
0+42167D-02
0.23976D-03
~0.171170-04
~0.18874D~-04
~-0.,86198
~0.38911D-02
-0.63071D-03
~8.3456

IF =

58

10 11 21 24 54 25 27 41

20

-— 61 10 11 21 24 54 25

47

T

-2.,2186
1.2040
72050

0.46071
1.3504
1.4865
1.2699

-0.87885
~1.3075
~0.92769

27 41 31 57 &0

T

e 6671
1.9014
7.5127

0.74768
1.5524
1.9838
1.6306

-1.0781

-0,25297
-0.68915
~1.5922
-0.43278
~-1.3583



Table 4.15

Heart Disease

HA70 3 ~- 61 10 11 21 24 54 25 27 41

VAR R T
X61-DOCH ~0.22340D0-01 ~3.4204
X10~-NONW 1.7509 2.6917
X11-MAGE 0.29627 ?.4592
X21-DENS ?.3338 1.2247
X24-COLD 0.43566D~02 1.6113
X54~-C1e8 0.131290-01 3.1525
X25-XFRO 0.66878D~03 2.2197
X27-XCAR =0.17969D-04 -0.56857
X41-68FT 0.423800~03 3.1849
CONSTANT ~-35.183 ~-2.8412

R-SQUARE= 0,7517
SSR= 17.03 DF= 50

_HA70 3 ~-— 61 10 11 21 24 54 25 27 41 31 57 60

VAR : R T
X&1~-D0OCH -0.198000-01 -2,9132
X10-NONW 1.3603 1.9694
X11-~MAGE 0.28122 8.,7965
X21-DENS 7.4177 0.97861
X24-COLD 0,433000-02 1.5583
X54-C168 0.10868D-01 2.4847
X25-XPRO 0.571650~03 1.8893
X27-XCAR -0.22071D0-05 -0.675510~01
X41-48FT 0.396450-03 2,5822
X31-N0O&9 4.8498 1.,8842
X57-8070 0.82843D-03 0.16473
X60-PA70 0.140520-02 0.46855
CONSTANT ~-32.823 -2,5960

R~SQUARE= 0.7737
SSR= 15.51 DF= 47
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PN70

R-SQUARE=

S8R=

FN70

R-SQUARE=

SSRk=

VAR

X61-D0OCH
X10-NONW
X11-MAGE
X21-DENS
X24-COLD
X54-C168
X25~XFRO
X27-XCAR
X41-6SFT
CONSTANT

VAR

X61-DOCH
X10-NONUW
X11-MAGE
X21-DENS
X24-COLD
X54-C1é8
X25-XPRO
X27-XCAR
X41-68FT
X31-ND&9
X57~8070
X60-FA70
CONSTANT

Table 4.10

Pneumonia and Influenza

0.,4108

0.4556

0.5409

0.3350

R

0.18381

=0.,129250-02

0.199200-01

2.9692

0.130300-

02

0.615240-03
0.7206540-04

~-0.11329D-05

0.38010D-05

-3.0478

DF =

4 —— 461 10 11 21 24 54

R

0.13820

50

25

~-0.381150-03

0.161940-01

2.6677

0.104280~02
0.61816D~-03
0.460480-04

0.55215

=-0.+100270~-05
-0.492611-03

~0.477190-03

0.14272D-02

-2.1183

DF=

60

47

27

4 -- 61 10 11 21 24 54 25 27 41

a1

T

-1.2098
1.7274
3.8880
2.3816
2.9460

0.90310
1.4336

-0,21914

0.,17462

"‘1 . 5046

31 57 &40
T

~0.37068
1,3226
3.3484
2.3264
2.4807
0.93415
1.0060
-0.20286
-0.21208
1.4180
~0.862722
3.1456
-1.1075



EM70

R~SQUARE=

S5SR=

EMZ70

R-SQUARE=

88R=

3

VAR

X&1-nOCH
X10-NONUW
X11-MAGE
X21-~-DENS
X24-COLD
X34-~C168
X25~XFRO
X27-XCAR
X41-~68FT

LONSTANT

5

VAR

X61~-D0OCH
X10-NONUW
X11-MAGE
X21-DENS
X24-COLD
X54-C168
X25-XFRO
X27-XCAR
X41-6SFT
X31-N0O6&9?
X57-8070
X60~-FA70
CONSTANT

Table 4.17

Emphysema -and Bronchitis

-~ 61 10 11 21 24

0.3559

0.1331

-~ &1 10 11 21 24 54

0.3876

0.1265

54 2
E

-0.13831D-02
0.225330-01
0.49451D-02
0.22106D0-01
0.189948D0-03
0.,534190-04
0.,652610-04

=0.931990~03

~0.17700D-04
~0.920721

DF =

2
B

~0.137610-02
0.4633301-01
0.31065D-02
0.17013
0.14392D1~03
0.24382D-03
0.66687D-04
~0.1042701-04
~-0.138468D-04
~-0.1151%
=~0.473200L-03
0.291150-03
~0.96354

IiF=

6l

5

50

5

47

27 41

T

~-2.3989
0.39184
1.7859
013670
0.79468
0.14509
2.4502
~3.4072
~1.5046
-0.82870

27 41 31 57 60

T

~2.2419
0.74278
1.7687
0.24853
0.57352
0.61719
244404
~-3.+5335
-1.0001
~0.493533
-1.0419
1.0750
-0.84382



Table 4.18

Cirrhosis
CI170 6 —~— 61 10 11 21 24 54 25 27 41
VAR b3

X61-D10OCH 0.519230-04
X10-NONW Q.22721
X11-MAGE 0+.173230~-01
X21-NENS 241612
X24-COL.D 052436003
X54-C168 0.6178401~03
X25-XFRO 0.7398211-04
X27-XCAR =Q«774370-05
X41-68FT ~0+111970~04
CONSTANT ~2.3252

R-SQUARE= (0.6258

SOR= 0.2479 DF= &0

CI70 & - 61 10 11 21 24 34 25 27 41
VAR B

X61-N0CH 0.318180-03
X10-NONW 0.18469
X11-MAGE 0.160770-01
X21-NENS 1.981%
X24-COLD 0.493400-03
X54-C168 0.39600D-03
X25~-XFRO Q0.631220-04
X27~XCAR -0, 67206005
X41~6SFT -0.197340~-04
X31-NO&9 0.24209
XS57-5070 0.518830~-03
X&60-FA70 0.6923110-04
CONSTANT -~1.94464

R~SQUARE= 0.6399%

SSR= 0.2387 IIF= 47

62

T

0.658730-01

2.8943
4,5831
2+3497
1.6070
1.2293
2.0347
”L00303
-0.69726

-1,.5559

31 57 60
T

0.37741
2.1558
4.0543
2.1080
1.4315

0.72987
1.7351

~1.6755

~-1.0362

0,75825

0.83173

0.18632

~-1.239%9



Table 4.19

Kidney Disease

NEZ0 7 -— 61 10 11 21 24 354 25
VAR B
X61-N0OCH ~0+673020~03
X10--NONW 0.2066110~01
A1l1-MAGE 0.341100-02
X21~TIENS 0.73879
X24-COLD 0.732891-04
X54-CI48 0.101320-03
X25-XFPRO 0.15723N-04
X27~-XCAR 0.473490~07
X41-68FT 0.637240-05
CONSTANT ~Q. 72766
R-SQUARE= 0.3419
585R= 0,20310-01 nF= 50
NE7O 7 -~ 61 10 11 21 24 54 25
VaR E
Xé61-00CH -0, 35265003
X1O0~NONW 0.728290~-01
X11-MAGE 0.308310-02
XZ21-DENS 0.71889
X24-COLD 0.290730-04
X54-CI68 0.802860~04
X25-XFRO 012995004
X27-XCAR ~0+207210-06
X41-45FT 0.121120-05
X31-NO69 ~0.666090-01
Xa7-8070 0., 269560-03
X60-FAZ0 0.976470-04
CONSTANT ~0.31302

R-SQUARE= 0.,5743
0.18871-01

SSR=

DF=

63

47

3

27

T

-2.9834
4.0353
3.1531
2.8825

0.78479

070439
1.5110

0.433760-01
1.3846

-1+7013

41 31 57 60

T

~2+3310
3.3134
2.7665
2.7189
0.29997
0.52619
1.2312
-0.,18181
0.22615
~0.741886
1.53646
0.93342
~1.1677



Congenital Birth Defects
C\EBZ 8 - &1 10 11 21 24 54 25
VAR kE
X&1-N0CH ~0,110090~-02
X10—-NONY -0.10484
X11~-MAGE 0.202120-02
X21-NENG 0.51667
X24-COLD 0.41358N0-03
X54-C1468 0.114150-02
X25-XFRO 0,322740-04
X27-XCAR ~0,1501460-06
X41-65FT 0.154050-04
CONSTANT ~1+33%90
R-SQUARE= 0.1847
SSR= 0.3277 F= 30
C\RX g —— &1 10 11 21 24 54 25
VAR B
X&61~-D0CH -0, 108046002
X10-NONW -3+ 624170-01
X11-MAGE 0.26362002
X21-DENS 0.48174
X24-COLID 0.292080-03
X54-C168 0.15099D-02
X25-XFRO 0.361360-04
X27~-XCAR ~-0,252840-05
X41-48FT 0.168330-04
X31-NO67 ~Q0.47663
X57-8070 ~0, 4494661103
X&0-FA70 0. 468200-03
CONSTANT ~-1.3072
R-SQUARE= (.2205
S88R= 0.5058 LF= 47

o
B~

27 41

27 41

T

-0 95740
-0.91545

1.6360
0, 38505
0.86881

1.5%569
0.60844

-0.269870-01

0.65758
~0.61416

31 857 60
T

-0,88051
-0.50047
1.6693
0.49810
0.592609
1.9116
0.66141
-0.42836
0.60717
-1.0235
~0.493518
0.8B64461
-~0.57256



Table 4.21

Early Infant Diseases

INBX ¢ —-— 461 10 11 21 24 54 25 27 41
VAR k T
X61-N0CH T 0.391590-03 0.,1333%
X10~NONW 0.89283 3.0537
X11-MAGE ~Q.447480~02 -0.31786
X21-DENS H.8110 1.6%964
X24-CoOLD 0.357580-03 0.29424
X54~-CIé68 ~0,133120~02 ~0+71117
X2&5~XFRO ~0.104270-03 ~0.76%995
X27-XCAR 0:176410-04 1.2419
X41-68FT 0.153670-03 2.5695
CONSTANT 0.68864 0.12373
R-SQUARE= 0.4741
SHR= 3.439 nFE= 350
INRZ 9 -~ 61 10 11 21 24 34 25 27 41 31 57 60
VAR B T
X61-00CH 0.218250-02 0.73588
X10-NONW Q77575 - 2.873¢9
X11-MAGE ~Q.79126D~-02 . =0 56722
X21-DENS G+4464 1.6467
X24-COLD ~0.47371101~03 ~0.390469
X54-CI48 ~0.121460~02 . ~0.63634
X25-XFRO ~0.1374701~03 ~1.0412
X27-XCAR 0.989320-05 0.69390
X41-68FT 0.67486D~04 1.0073
X31-NO&9 -2.0458 . ~1.821%5
X57-5070 0.438410~02 1.9978
X60-FA70 0.,177310~-02 1.3549
CONSTANT 4.1264 0.74792
R-SQUARE= 0.5484
SER= 2.954 LF= 47
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CA70 53 —- 61 10 11 21 24 54 25
vaR B

X61-00CH -0.71271D-02
X10~NONW 0.63382
X11-MAGE 0.13235
X21-DENS 32,9772
X24-COLD 0.178590-02
X54-C168 0.5003201-02
X25-XFRO 0.21038D-03
X27-XCAR ~0.131660-04
X41-6SFT 0.,516830-04
CONSTANT -9.,5112

R-SQUARE= 0.8556

SSR= 1.378 DF= 50

CA70 53 -- 61 10 11 21 24 54 25
VAR B

X61~DI0CH ~0.707630-02
X10-NONW 0.64712
X11-MAGE 0.13242
X21~DENS 4,0247
X24-COLD 0.172980-02
X54-CI68 0.51394D-02
X25-XFRO 0.21071D-03
X27-XCAR -0.14074D-04
X41-6SFT 0.514470-04
 X31-N069 ~0.16472
X57~6070 -0.161430-03
X60~FA70 0.234940-03
CONSTANT -9 ,4472

R-SQUARE= 0.8560

S8R= 1,374 IF =

Table 4.22

Cancer
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T

~-3.8356
3.4249
14.854
1.8342
2.3216
4,2228
2.4545
~1.,4643
1.3652
—2.6997

41 31 57 60

T

~3.4976
3.1475
13.915
1.7837
2.0913
3.9471
2.3394
~-1.4471
1.1257
-0.21498
-0.10784
0.26317
"':..05101



However, differences between our estinmated air pollution effects as opposed
to the Lave and Seskin (1977) work are profound. Lave and Seskin (1977)
did not find a significant association between particul ates and pneunoni a.
More inportantly, Lave and Seskin (1977) found positive associations
between air quality (specifically sulfate) and a cardi ovascul ar di sease
nortality variable and between air quality and cancer nortality. Whether

we use 802 or the highly collinear sulfate neasure, we cannot accept the

hypot heses that air pollution has any association with heart and vascul ar
di sease or with cancer nortality. Further, our estimated total effects of
air pollution on human nortality are about one order of nagnitude snaller
than those shown by Lave and Seskin (1977).

We can summmarize the results of our analysis as follows. Wen we
increase each of the. following significant variables by one percent over
their nean values in our sanple, fromthe estinmated total nortality equation
the followi ng percentage change in mean total nortality rate results: (1)
for doctors per capita a 0.76 percent decline in nortality rate; (2) for
per capita cigarette consunption a 0.32 percent increase in nortality rate;
and (3) for per capita protein consunption a 6.7 percent increase in nor-
tality rate. These results suggest several observations. First, nmedica
care, smoking, and diet appear to be enornpusly inportant factors in hunmnan
heal t h. Second, if one |ooks to a 100% decrease from nmean |evels for these
variables, i.e., the inpact on average total nortality of setting these
variables to zero, one obtains a 76% increase in nortality for a zero |evel
of doctors per capita, a 3.2% decrease in nortality for no snmoking and a
670% decrease in nortality for no protein in diet. Obviously, the last of
these effects is inpossible and suggests that we nay only have |inear
approxi mati ons of highly non-linear effects. Further, sonme protein is
required to sustain life. Thus, the estimtes of nortality effects are
likely to be valid only for relatively small changes in explanatory variables.
Finally, the air pollution variables are insignificant in the total nor-
tality equation -- as one mght suspect if air pollution has only a snall
effect. on nortality rates. This is verified by the fact that the signi-
ficant estimated effects of particulates on pneunpnia and influenze, and of
80, on infant diseases are very small in terms of total nortality as com
pared to the effects of doctors, snoking, and diet.

G ven these results, it is inportant to test the sensitivity of the
nodel to changes in specification of included variables and structure. Two
alternative formul ati ons have been specified and tested. First, a version
of the nodel which: (1) uses lagged diet (1955 dietary variable) as op-
posed to 1965 diet); (2) enploys a two-stage doctors per capita variable
which includes air pollution in the reduced form equation; and (3) adds
| ead and sulfate to the air pollution variables, produces essentially iden-
tical results both for the inpact of nedical care and, air pollution on
nortality. Sulfate air pollution is statistically insignificant across al
di seases. The second alternative fornmulation is identical to the one
presented in detail above but the air pollution variables are again included
in the reduced formequation for doctors per capita. The results are con-
sistent for the effect of nedical care and for the positive associations
bet ween sul fur oxides and infant di seases and for particul ates and pneunoni a.
More interesting, however, is a significant negative association which
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appears between doctors per capita and air pollution in the reduced form
equati on. I't appears that doctors may choose not to live in polluted
cities (perhaps for aesthetic reasons). If this is the case, one can easily
explain fal se positive associations between air pollution and nortality
where medical care is excluded as an expl anatory vari abl e. If doctors

avoid polluted cities, and if doctors do reduce nortality rates, then

pol lution could well be associated with higher nortality rates; but not_
because of any direct health effect of air pollution on nortality. Rather,
failure to account for the l|ocational decisions of doctors (supply and de-
mand for nedical care) may well bias estimated epideniol ogical relationships.
In fact, the negative association between doctors per-capita and pollution
is so strong, that when pollution is included in the reduced form equation
for doctors, the estimted doctors variable used in the two-stage procedure
becones collinear with the pollution variables. This collinearity in some
cases produced negative coefficients on the pollution variables in estimted
dose-response rel ationships for sone disease categories where pollution is
used in the reduced form equation for docotrs per capita. Thus, it is
important that, in spite of this collinearity, stable positive associations
are retained between pneunonia and influenza and particul ates and between
infant diseases and sulfur oxides. The inclusion or exclusion of air quality
fromthe reduced formequation has little inpact on the conclusions of this

st udy. In part, this occurs because air pollution is collinear with diet.
In fact, saturated fats and sulfur oxi des are reasonable proxy variables for
each other. It has been shown by MCarthy (1971) that the exogenous

vari abl es which are collinear with included exogenous variabl es may be
excluded from estimated reduced fornms with little loss in consistency in a
two-stage |east squares procedure

Anot her inportant question for analysis is the possibility that hetero-
skedasticity is present. At this point, we have only examnmi ned one disease
category -- cancer nortality -- for this problem An exam nation of the
residual s plotted agai nst several inportant explanatory variables (age, for
exanpl e) showed no evi dence of heteroskedasticity.

Finally, in interpreting the results, it should be observed that the
associ ati ons we have found between nortality and air pollution are princi-
pally for diesases of the very young and very old -- particularly susceptible

groups within the population. Further, these effects are those which one
woul d perhaps associate with short-term as opposed to long-termair pol-

[ution exposures. It may well be that aggregate epidemni ol ogy nmay be in-
capabl e of revealing the | ong-term consequences of air pollution exposures.
Two problens are particularly significant here. First, |agged data or

data on air pollution histories is not available for such studies. Second,
it is nearly inpossible to control for population nmobility in such studies.
Thus, even if one accepts the hypothesis that air pollution |levels show
enough persistence over tinme to reveal long-termeffects, population nobil -
ity will still distort and confound attenpts at estimating such effects.

A partial renedy for these problens is, of course, to use data on individ-
ual s as opposed to aggregate data. The next chapter provides a prelininary
expl oration of just such a data set.

We now turn to an econonic evaluation of the value of air pollution
control in reducing nortality based on the value of safety approach described



Tabl e 4. 23

Met hodol ogy for Health Benefits Assessnent

Benefits = (Population at Risk) x (Value of Safety) x
(Reduction in Health Risk)

Val ue of Safety Based on Consuner's WIIlingness to Pay

Low estimate: $340, 000
Sour ce: Thal er & Rosen (1975)
H gh Estimate: $1,000, 000

Sour ce: Robert Smith (1974)
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above.

4.6 A Tentative Estimate of The Value of Safety from Air Pollution Contro

Gven all of the caveats discussed above concerning the validity of
the estimated effects of air pollution on nortality, it is possible to con-
struct benefit neasures using the methodol ogy outlined in Section 4.2
above. The nethodology is briefly sumarized in Table 4. 23.

First, to obtain national estimtes, we must know the popul ation at
risk. Since our sixty-city sanple is entirely urban, and since air pol-
lution is principally an urban problemwe will use a population risk for
1970 of 150 million urban dwellers. As a range for the value of safety,
we will enploy Thaler and Rosen's (1975) estimte of $340,000 (in 1978
dollars) as a | ower bound and Smth's (1974) estimte of $1,000,000 (in
1978 dollars) as an upper bound. Finally, to provide an estimate of re-
duced risk fromair pollution control, we wll assume an average 60% reduc-
tion in ambient urban concentrations both for so, and particulates. Then,
using the nean concentration of these pollutants®in our sixty-city sanple
as a basis for calculation, we can derive the average reduction in risk of
pneunoni a mortality for a 60% reduction in particulates and the average
reduction in risk of infant diseases for a 60% reduction in SO from our
estimated dose response functions for these diseases.

Mil tiplying the population at risk by the assuned val ue of safety, and
then by the average reduction in risk, gives a crude approxi mation of the
benefits for a 60% reduction in national urban anbient concentrations of
particul ates and so,, respectively. National urban totals and the val ue of
t he average i ndi vird@al risk reduction are shown in Table 4.24.

The val ue estimtes as shown in Table 4.24 agree surprisingly well with
t hose devel oped by Lave and Seskin (1977) for national air pollution danages.
However, the dollar value is simlar only because we use a range for the
val ue of safety (derived from observed market behavior of consuners) which
is about an order of magnitude |arger than the “value of |ife" figure based
on | ost earnings which is enployed by Lave and Seskin (1977). W, of course,
reject the value of life notion, instead focusing on the measurabl e concept
of value of safety. Since there is no evidence to suggest that society
puts less value on safety for children, the aged or wonmen than on enpl oyed
heads of househol ds, we feel that the best neasures available now for the
val ue of safety should be enployed for all individuals. Eventually, nore
refined nmeasures of the value that different individuals place on safety
may beconme available. However, for the tine being, these are the best
val uations of the social worth of safety we can enploy.
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Table 4.24

Urban Benefits from Reduced Mrtality: val ue
of Safety for 60% Air Pollution Control

Average | ndi vi dual
Safety Benefit

Nat i onal
U ban Benefits

Di sease Pol | ut ant (1978 Dol lars/ Year) | (1978 Billion Dollars/ Year)
Pneunoni a Particul ates 29 - 92 4.4 - 13.7
Early Infant

Di sease SO2 5- 14 .7 - 2.2
Tot al 34 - 106 51 - 15.9
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CHARTER V
THE M CH GAN SURVEY EXPERI MENT

5.1 (Obj ectives of the Experinment

The data set enployed in this chapter refers to the health status and
the time and budget allocations of each of several thousand househol d heads
over a nine-year period. Its highly disaggregated formtherefore avoids
many of the estination problens associated with the aggregate data used in
Chapter IV. This avoidance is not our only purpose, however. The richness
of detail in the data set allows us to extend the range of phenonena that
we study. Mdst inportant, we are able to investigate the norbidity effects
of air pollution, considering acute effects and chronic effects separately.
The detail of the data set allows us to identify much nore readily those
variables that are not current determinants of health status, thus providing
a neans of avoiding the simultaneity problens that plagued the aggregate
dose-response functions of the previous chapter. It is inportant to note
that the results reported here reflect a prelininary attenpt to evaluate the
useful ness of Mchigan Survey Data in estimating norbidity (sickness) effects
of air pollution and consequent econonic |osses. As a result of the
prelimnary nature of the research, many highly desirable transformations of
the variables as defined in the Mchigan Survey Data set have not yet been
made. However, in spite of the prelimnary nature of the results they
do represent the first attenpt to qualify the econonmic |osses due to norbidity
as opposed to nortality resulting from air pollution.

Wth the richness of the data available to us, we need not term nate
our efforts after having estinmated a set of dose-response expressions for
the norbidity effects of air pollution. W are able to ascertain the |abor
productivity effects and the inpact on willingness to pay to avoid chronic
and/or acute illness as well. Both of these additional efforts are under-
taken in this chapter.

5.2 The Sanple and the Variables

Qur analysis is based on yearly interviews conducted by the University
of Mchigan's Survey Research Center with a nationwi de random sanpl e of
4,802 to 5,862 families from 1968 through 1976. No famlies with living
nenbers were ever intentionally deleted fromthe sanple, and, as fanmilies
broke apart, the adult conponents were added to the sanple as distinct
famlies. The cunulative interview response rate over the nine-year period
declined from 76 percent in the 1968 and first interview year to 55 percent
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in the 1976 interview year, inplying an average yearly reinterview response
rate of nearly 95 percent. From 1970 through 1976, this yearly response
rate averaged 97 percent. O special interest to us is that, in addition
to substantial detail on household head tinme and budget allocations, the
sanpl e contains generalized measures of the head's health states as well

as information on lifestyle and biological and social endowrent variables
that mght plausibly contribute to the health states.

Information fromthe interview has been conbined with data on a limted
set of environnental variables, particularly information on air pollution
concentrations, to establish inperfect neasures of the environment in which
each famly head has lived during the nine-year period. To the best of our
know edge, the Survey Research Center data set is the only one currently
avail abl e that combines, for the same set of individuals over a substantia
nunber of years, information on places of residence, states-of-health, and
time and budget allocations. The sanple thus raises the prospect of our
being able to value, through enpirical applications of the econonic theory
of consunmer behavior, the contributions of environnental pollution exposures
to states-of-health.

The maj or characteristics of our sanple and the variables we employ in
our enmpirical efforts are presented in Tables 5.1 and 5.2. Al variables
refer to household heads. Table 5.1 gives conplete definitions of variables,
their scalings, and their assigned acronyns; Table 5.2 provides representa-
tive arithmetic nmeans and standard deviations of variables used. Because
we enploy various partitions of the sanple throughout the chapter, we do not
use the Survey Research Center sample weights. Cur sanples are therefore
not entirely representative of the national population

In Table 5.2a, so as not to nake worse the already considerable and
cunbersone length of the listing, only the two health variables, LDSA and
ACUT are listed as dependent variables. The geonetric neans of the air
pol [ ution variables have their neans and standard deviations entered for
the various sanple partitionings indicated at the bottomof the table.

The neans and standard deviations for the other variables are listed in
Table 5.2b. This latter table refers only to the sanples used for the
chronic illness expressions, while the former refers to the acute illness
expressions. \Wether reference is to the partitioned or unpartitioned
sanpl es, the means and standard deviations represent only those sanples
used to estimate dose-response functions involving geonetric nean neasures
of the air pollution variables. Al estimtes enploying different conbina-
tions of variables, whatever the conbination mght be, were established
using a randomdrawing fromthe entire Survey Research Center popul ation
sample for a particular year. Therefore, the neans and standard devi ations
listed in Table 5.2, although extrenely representative, are not the exact
val ues for each of the sanples used in the estimation effort.

The definition and neasurenent of nmost of the variables listed in
Tables 5.1 and 5.2 is standard, and we shall conmment here only on those that
pose definitional and nmeasurenent problenms for the major focus of this
report. This criterion imrediately directs attention to the air pollution
vari abl es.
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Table 5.1
Conpl ete Variable Definitions
Health State Variables

Acute illness (ACUT) -- workdays ill tinmes 16 for the first 8 weeks
and tines 12 thereafter. Only individuals who are currently
enpl oyed or unenpl oyed and | ooking for work coul d have positive
values for this variable.

Degree of disability (DSAB) -- conplete limtation on work = 1;
severe limtation on work = 2; sone [imtation on work = 3;
otherwise = 0.

Length of disability (LDSA) -- < 2 years =1, 2 - 4 years = 2,

5- 7 years = 3; > 8 years = 4; otherwise = 0. This is a
foll owup question to inquiries about whether the respondent
has any physical or nervous condition that limts the amount
or kind of work or housework he can do.

Bi ol ogi cal and Soci al Endowrent Vari abl es

Age of famly head in years (AGEH

Gewup incity (ATY) = 1; otherwise = 0. This variable, as
transformed, is binary.

Education attainment (EDUC) -- 6 - 8 grades = 2; 9 - 11 grades = 3;
12 grades = 4; 12 grades plus non-academc training = 5; college,
no degree = 6; college degree = 7; advanced or professional
degree = 8; otherwise = 1.

Father's educational attainment (FEDU) -- same scaling as for EDUC

Fam |y size in nunber of persons in housing unit (FMSZ).

Length of present enployment (LOCC) -- < 1 year = 1; 12 - 19 nonths
=2, 1-1/2 - 3-1/2 years = 3; 3-1/2 - 9-1/2 years = 4;

9-1/2 - 19-1/2 years = 5; >19-1/2 years = 6; otherwise = 0.

Marital status (MARR) -- married = 1; otherwise = 0. This variable, as
transformed, is binary.

Income |evel of parents (POOR) -- poor = 1; otherwise = 0. This
question asked whether the respondent's parents were " . . . poor

when you were growing up, pretty well off, or what?" The
variable, as transforned, is binary.

Race of famly head (RACE) -- white = 1; otherw se
as transforned, is binary.

Sex of famly head (SEXH) -- male = 1; otherwise = 0. This variable,
as transforned, is binary.

Member of a labor union (UON) -- Yes = 1; otherwise = 0. This
variable, as transforned, is binary.

0. This variable,

Life Style Variables

Practices absenteeismfromwork (ABSN) -- absent once or nore a week
fromwork = 1; otherwise = 0. This refers to a question in which
the respondent is asked if there are tines when he doesn't go
to work at all, even if he isn't sick. The variable, as
transformed, is binary.
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Table 5.1
(continued)

Frequency of church attendance (CHCH) -- once a week or nore =1
otherwise = 0. This variable, as transformed, is binary.

Annual famly expenditures on cigarettes in dollars (CIGE) -- this
variable is not indexed for differences in prices anong | ocal es.

Participates in energetic activities (EXER) -- first nention = 1;

otherwise = 0. This question asks the fam |y head what he
usual ly does in his spare time. Energetic activities include
fishing, bowing, tennis, canping, travel, hunting, dancing,
mot orcycling, etc.

Fam |y food consunption relative to food needs standard in percent
(FOOD) -- famly food consunption refers to food expenditures in
dol lars and includes amunts spent in the hone, school, work,
and restaurants, as well as the anmount saved in dollars by
eating at work or school, raising, canning or freezing food
using food stanps, and receiving free food. The food needs
standard is in dollars and is based on USDA Low Cost Plan
estimates of weekly food costs as published in the March 1967
issue of the Fam |y Econom cs Review. The standard itself is
calculated by nmultiplying the aforementioned weekly food needs
by 52 and nmaking a series of adjustnents according to the size
of the famly

Is often late to work (LTWK) -- late once or nore a week to work = 1;
otherwise = 0. This question asks the respondent if. there are
times when he is late getting to work. The variable, as
transformed, is binary.

Daily nunber of cigarettes snoked per adult famly nenber (NCIG --
<3=1;, 3-17=2; 18 - 22 =3; 23 - 35 =4; 2 - 3 packs = 5;
> 4 packs = 6; otherwise = 0.

Fundamental i st religious preference (RELG -- Mrnon, United Church
of Christ, Disciples of Christ, Quaker, etc. = 1; otherwise = 0.
This variable, as transfornmed, is binary.

Degree of risk aversion (RISK) -- a weighted index devised by the
survey teamin which the individual's degree of risk aversion
increases if he drives the newest car in good condition, does
not own a car, has all cars insured, uses seat belts, has
medi cal insurance, snokes |ess than a pack a day, has sone |iquid
savings, and has more than two month's income saved. Nne is the
greatest degree of risk aversion that can be exhibited.

Head' s annual hours working for money (WORK).

Precuniary Vari abl es

Cost-of-living in 1970 country of residence (BDALO -- an index of
conparative costs for a four-person famly living in various
areas as published by the U S. Bureau of Labor Statistics in the
Spring 1967 issue of Three Standards of Living for an U ban
Fanmily of Four Persons. The Towest Tiving standard was enpl oyed
This index is published for the thirty-nine |argest SMSA's and by
region for the nonnetropolitan areas. For the remaining SVBA's,
the regional average of the netropolitan indices was used.
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Table 5.1
(conti nued)

Has hospital or nedical insurance (INSR) -- Yes = 1, otherwi se = 0.
This variable, as transformed, is binary.
Fam |y incone in dollars not due to current work effort (ICTR) -- this

variabl e includes assorted wel fare paynents, pensions, and
annuities, as well as earnings from assets.

Fam |y net real income in dollars (RINC) -- this variable is the sum of
money income plus value of goods and services received at |ess
than market prices |ess the cost of earning incone.

Savings in dollars equal or greater than two nonth's incone (SVGS) --
Yes = 1; otherwise = 0.

Head's marginal hourly earnings rate in cents (WAGE) -- in circunmstances
where the head neither has a second job nor commands overtime pay,
this variable is sinply total annual earnings from|abor divided
by annual hours worked for noney. \Were he has two or nore jobs
it is his hourly earnings in the last job he nanes. If he has
only one job, can and does work overtine if he wishes, and
receives overtinme pay, the variable is his average overtine
hourly earnings.

Envi ronnent al Vari abl es

Wrks in chenmicals or metals manufacturing industries (CHEM -- Yes =
1; otherwise = 0. The chemicals industry includes chenicals
and allied products, petroleum and coal products, and rubber and
m scel | aneous plastic products. The netals industry includes
steel, aluminum foundaries, etc.

Nurmber of days in 1972 when tenperatures were bel ow freezing at sone
time during the day (COLD). This data was obtained from USNOAA,
Cimtological Data, National Sunmary 1972.

Nurmber of persons per roomin famly dwelling (DENS).

Di stance from nearest city of 50,000 or nore people (MLE) -- < 5 niles
or outside continental United States = 1; 5 - 15 mles = 2;

15 - 30 nmiles =3; 30 - 50 mles =4; > 50 nmles = 5.

Nitrogen dioxide: annual 24-hour geonetric mean (M, ninetieth
percentile (N), and 30th percentile (T) in mcrogranms per
cubic meter as neasured by the Gas Bubbler TGS Method-Frit
before 1974 and the Saltzman nethod for 1974 and after (NOX).
This data was obtained fromthe annual USEPA publication,

Air Quality Data -- Annual Statistics.

Sul fur dioxide: annual 24-hour geometric mean (M, 90th percentile
. and 30th percentile (T) in mcrograns per cubic neter as

measured by the Gas Bubbl er Pararosaniline-Sulfanic Acid Method
(SU). This data was obtained fromthe annual USEPA publicati on,
Air Quality Data - Annual Statistics.

Total suspended particulates: annual 24-hour geonetric nean (M,
90th percentile (N), and 30th. percentile (T), in mcrograns per
cubic meter as neasured by the H-Vol Gavinmetric nmethod (TSP)
This data was obtained fromthe annual USEPA publication,
Air Quality Data -- Annual Statistics.
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Table 5.1
(conti nued)

Utraviolet radiation in mcrowatts per square centineter (ULTV).
This data was taken from Pazand, R, Environnental Carcinogenesis
- An Economi c Analysis of R sk, unpublished Ph.D. dissertation.
University of New Mexico (June 1976).

Expl anati on of Table

Unl ess otherwi se stated, all data is taken fromtapes described in
Survey Research Center, A Panel Study of Income Dynam cs, Ann Arbor:
Institute for Social Research, University of Mchigan (1972, 1973, 1974

1975, 1976).

Al'l variables referring to an individual person refer only to the
fam |y head.

On occasion, definitions for the same phenonenon will differ from

year to year. If this occurs, a single integer indicating the year to
which reference is nade is attached to the end of the variable acronym
Thus 1967 = 7; 1968 = 8; . . .; 1976 = 6.
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Table 5.2a

Representative Means and Standard Deviations of Health and Air Pollution
Variables for Samples Involving Famly Heads Currently Enployed or
Actively Looking for Work*

Year
Vari abl e

Acronym 1967 1968 1969 1970 1971 1972 1973 1974°

Heal th States

ACUT 100.414  120.486  133.657 113.750 113.323  149.845  112.530
(183.594) (214.759) (332.171) (277.022) (266.274) (427.983) (259.120)

LDSAa 0. 953 0. 645 0. 337 0.363 0. 268 0.290 0. 260 0. 348
(1.720) (1.326) (0.979) (0.971) (0.888) (0.921) (0.874)  (0.952)
Envi r onnent al
NOXM 157. 043 118. 045
(51.070) (72.230)
SULM 24. 475 25.113 27.220 16. 286 17. 657 2.051 7.435
(19.098) (18.714) (25.013) (12.150) ( 9.449) (4.188) (11.728)
TSPM 100. 403 99. 917 98. 713 95.534 87. 213 99. 157 35. 310 71.1.08

(35.469) (30.628) (29.609) (18.943) (27.920) (30.941) (42.183) (36.085)

& Except for 1970, all sanples refer to famly heads who have never lived in nore than
than one state. In 1971, the reference is to famly heads who currently live within
wal ki ng distance of relatives.

b [ ncl udes housewi ves, retirees, and students.

*Standard deviations are enclosed in parentheses.
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Table 5.2b
Representative Means and Standard Deviations of Al

Cther Vari abl es®

Vari abl e
Acronym 1967 1968 1969 1970 1971 1972 1973 1974 1975
Health State
DSAB 0. 493 0.111 0.426 0. 488 0. 470 0. 304 0. 800 0.624
(1.291) (0.315) (1.634) (1.011) (0.949) (0.754) (2.159) (1.854)
Bi ol ogi cal and Social Endownrent
AGEH 43. 558 40. 323 43. 745 44,218 44, 305 45, 155 37.322 37.925
(12.337) (11.841)  (13.451) (13.649) (15.276) (16.158)  (15.421) 14.749
aTy 0. 646 0.451 0.678 0.678 0.632 0. 655 -
(0.481) (0.498) (0. 468) (0. 468) (0.459) (0.476) -
EDUC 3.680 3.683 3.878 3.923 7.705 3.720 3.912 3.659
(1.696) (1.747) (1.862) (1.866) (1.851) (1.844) (1.672) (1.685)
FEDU 2.391 2.300 2.313 2. 360 2.458 2.395 - -
(2.254) (2.036) (1.442) (1.473) (1.609) (1.451) - -
FMBZ 3.812 4. 586 3.993 3.930 3.508 3.233 - -
(2.401) (2.542) (2.376) (2.412) (2.202) (2.126) - -
LOCC 2. 257 3.271 - - 2.283 2.168 - -
(2.234) (1.869) - - (2.168) (2.188) - -
MARR 0.617 0.617 - - 0.525 0. 468 0. 540
(0.489) (0.487) - - (0.500) (0.500) (0.500)
POCR 0.578 0.543 - 0.520 0.490 0.520 0.551 0.615
(0.496) (0.499) - 0.500 (0.501) (0.500) (0.499) (0.488)

(cont 1 nued)
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Table 5.2b
(conti nued)

Vari abl e
Acronym 1967 1968 1969 1970 1971 1972 1973 1974 1975
RACE 0. 469 0.917 0. 410 0.500 0. 443 0. 475 - 0. 346
(0.501). (0.276) (0.099) (.0.501) (0.497) (0.500) - (0.477)
SEXH 0.629 0.677 0.635 0.635 0.573 0.603 0. 640 0.631
(0.468) (0. 496) (0.482) (0.482) (0.495) (0.490) (0.382) (0.417)
U ON - 0.354 0.233 0.198 - 0.198 -
- (0.479) (0.423) (0.399) - (0.399) -
Lifestyle
ABSN -~ - 0.108 - - - -
- - (0.310) - - - -
CHCH - 0. 440 - - - - - -
- (0.448) - - - - - -
Cl GE - 03. 146 - - - - -
(124.022) - - - - -
EXER 0. 144 0.189 0.225 0.198 - - - -
(0.352) (0.392) (0.418) (0.399) - - - -
FOCD 505. 830 757.669  822.500 840. 990 1030. 976 1145. 150
(380.977) (372.594) (716.450) (716.100) (574.163)  (707.099)
LTWK - - 0.070 0. 209 -

- (0.255) (0. 407)




Table 5.2b
(conti nued)

Vari abl e
Acronym 1967 1968 1969 1970 1971 1972 1973 1974 1975
NCl G 1. 851 - - - - - - -
(1.912) - - - - - - -
RELG 0.018 - - - - 0. 054 0. 062
(0.136) - - - - - 0.226) (0.242)
RI SK 4. 489 4.503 4. 658 4.673 - -
(1.605) (1.452) (1.545) (1.540) -
WORK 1245. 875 1989. 649 1560. 895 1527.732 1333. 540 1354. 137 - -
o (1059. 780) (674.723)  (1001. 253) (982.381) (1030.346) (1056.153) ~ -
fosd
Pecuni ary
BDALO 99. 638 99. 220 100. 413 100. 266 100. 618 100. 736 - -
(4.720) (4.297) (4,625) (4.788) (4.925) (4.819) - -
| NSR 0. 889 0.794 0.708 0.695 - -
(0.316) (0.404) (0.455) (0. 461) - -
| CTR 1096. 22 508. 249 1238. 392 1013. 846 1342. 585 1366. 702
(1314. 401) (1124. 259) (1198.698) (1721.377) (1874.235) (1993.720) - -
RI NC 9148. 605 8902. 377 10852. 230 10875. 650 9556. 803 11077. 950 - -
6511. 900 (6100. 167) (7833.473) (7439.632) (7274.871) (8337.711) - -

(conti nued)



Table 5.2b

(conti nued)

Variabl e
Acronym 1967 1968 1969 1970 1971 1972 1973 1974 1975
SVGS 0. 342 0.289 0. 333 0.371 - - - -
(0.475) (0.454) (0.472) (0.484) - - - -
WAGE 292. 119 314. 440 322.500 358. 258 298. 230 336.525 -
(405. 985) (221. 346) (316. 450) (331.738) (319. 890) (337.425) -
Envi r onnent al
CHEM 0.022 0. 008 - - 0.003 0. 049 0. 045
(0.147) (0.086) - - (0. 050) (0. 216) (0.206)
o CAaLD 81.502 - - - - - - -
] (52.684) - - - - - - -
DENS - 3.420 - - 0.870 0.725 - -
- (1.797) - - (1.198) (0.414) - -
NOXN - - 246. 573 104. 860 97. 429 90. 717
- 79. 826 (75.994) (44.564) (22.716)
NOXT - - 132. 045 31.536 32.931 48. 597
- (37.087) (23.964) (31.761) (13.911)
SULN 107. 687 - 74.663 61. 768 42.625 34.566 25. 650
(134.484) - 66. 016 (38.495) (31.115) (42.841) (41.603)

(conti nued)



Table 5.2b
(conti nued)

£8

Variabl e
Acronym 1967 1968 1969 1970 1971 1972 1973 1974 1975
SULT 26. 041 10. 798 11.190 - 9.551 5.006 7.836
(37.369) (10. 663) (5.875) - (9. 305) (9. 955) 8.233
TSPN 176. 986 248. 965 156. 185 170.768  147.960 126. 702 120. 580
(78.097) (339. 668) (63.787) (58.121) (39.684) (43.086) (56.438)
TSPT 77. 605 74,837 74.088 82. 995 56. 232 67.122 62. 779
(23.661) (43.932) (20.772) (26.627) (9.650) (22.200) (27.046)
ULTV 1494.75 - - -
(634.638) - -
® NI sanples include housew ves, retirees, and students

*Standard deviations are in parentheses.



If one has detailed and real-tine information on changes in health
states, ideally one would like to have real-tine records of all air
pol lution exposures. The coarse yearly indicators of acute and chronic
il1lness in the Survey Research Center (SRC henceforth) data coul d not

support such detail. W therefore chose to collect outdoor air pollution
data averaged over a time period corresponding to the time interva
enployed in the SRC data. In addition, we wi shed to ascertain whether

representations of nonents of the outdoor air pollution frequency
distribution other than measures of central tendency mght contribute to
ill-health. The result of these deliberations was a decision to acquire
data on the geonetric nean (because outdoor air pollution tends to be

| og-normal Iy distributed over time), 30th percentile, and 90th percentile
of the annual concentrations of five pollutants: nitrogen dioxide;, ozone
total oxidants; total suspended particul ates; and sul fur dioxide.

Al though the ozone and total oxidant data has been conbined with the SRC
data, the nunber of nonitoring |locations and the nonitoring time intervals
were inadequate to allow other than mnor variations in the exposures of
the sanple individuals. Thus the enpirical results to be reported

negl ect these two possibly inportant pollutants.

Mat ching the thousands of outdoor air pollution monitoring stations
inthe United States to the hundreds of counties where the SRC sanple
fam | ies resided could be a conplex conbinatorial problem The matching
was achieved for each of the nine years at the cost of not having outdoor
air pollution information for some SRC sanple famlies during sone years
and of assigning sonewhat inappropriate air pollution exposures to sone
sanple individuals. The full extent of this information loss is presently
unknown.

The matching process started by listing all the counties in the
United States where one or nore SRC sanple famlies had resided during the
nine year interval. Separately for each of the five previously mentioned
air pollutants, a yearly listing of the counties having outdoor air
pol lution data for one or nore of the three frequency distribution
measures being considered was constructed. O the 301 counties in 50
states where sanple famlies resided during the nine year interval
outdoor air pollution monitoring data for one or nore of the neasures of
one or nore of the five air pollutants existed at |east for one year in

118 of the counties in 50 states. No attenpts were made to extrapolate air
pol lution data from one county to another, nor were any switches between
nmonitoring stations in a single county ever made. |n counties where

mul tipl e outdoor nmonitoring stations were present, the data fromthe single
station that had operated for the greatest portion of the nine years was
used. If two or nore stations in a county had operated for equa

portions of the nine years, the station having the most conplete (in

terms of nunbers of pollutants and pollutant neasures) was enpl oyed.

Wien air pollution data were available in a famly's residence county for

a particular year, these criteria served to assign outdoor air pollution
exposures to all sanple famlies. For nost years, somewhat nore than

3,000 famlies had some sort of outdoor air pollution data assigned them
Because of our reluctance to adopt a new nonitoring station location in a

county whenever the activities of a station we had previously used were
term nated, we undoubtedly mssed a few opportunities to assign air
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Bol!ution data to a few sanple famlies. This issue pales, however
eside the issue of the extent to which the assigned data represent
actual outdoor air pollution exposures.

The SRC fam |y data sanple provides only the famly's county and
state of residence: it does not give the hone town or city. Thus, for
| arge urban counties such as Cook County, Illinois, or Los Angeles County,
California, or occasional rural counties such as San Bernardino County,
California, where there exist major locational differences in potentia
air pollution exposures within the county, substantial error could exist
in the air pollution assignations. This inportant source of measurenent
error coul d perhaps be substantially reduced if all counties having this
property were identified and if all famlies residing in the identified
counties were f7cised fromthe sanple. W have made no attenpt to perform
this excision.=

This criteria enployed to select pollution nmonitoring stations probably
result in the assignment of downtown urban |ocations, where pollution
concentrations have historically tended to be greatest and where the nost
extensive monitoring has been done. Since relatively few of the SRC
sanple famlies actually live in downtown areas, the constructed data
set generally exaggerates fam |y outdoor air pollution exposures, inplying
that the health effects, if any, of air pollution will tend to be under-
esti mated. 2/

Qut door air pollution at the place of residence is not the only
pl ausi bl e environnental source of deleterious health effects. Indoor
air pollution at home and in the work place, outdoor air pollution at
other locations, contamnants in diet, and water pollution are additiona
wi dely acknow edged possible sources. W introduce neasures (albeit
inperfect) of some of these plausible alternative sources in our enpirica
efforts and fail to give any attention to others such as water pollution.
| f these excluded types of pollution have health effects of their own, and
If their extent tends to be positively correlated with the extent of
outdoor air pollution, then the included air pollution variables wll
capture some of their contributions to ill-health, causing the measured
contribution of the outdoor air pollution variables to be exaggerated.
The extent of this upward bias will vary directly with the degree of
correlation between the included and the excluded variables and the extent
to which the excluded variable actually contributes to the effect of
interest. For this study, of the previously nentioned alternative
environmental pollution sources of health effects, the utter exclusion of
any measures of water pollution is perhaps the nost serious, At various
points in the enpirical effort, rather crude measures of indoor hone air
pol lution (famly smoking habits), diet (a dietary adequacy index?, and
Indoor air pollution at the work place (engloynent in the chemcals or
metal s manufacturing sector) are i ncl uded. 2/

The issue of excluding possibly relevant variables fromthe analysis
included outdoor air pollution as well. xidants and ozone, Because of
insufficient variation in apparent exposures among sanple famlies, have
been disregarded, even though exposure values are present in the
constructed data set. Qher inportant air pollutants, for which data were
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avai |l abl e such as carbon nonoxi de, were not even considered because of the
|arge variations in their instantaneous concentrations within a few
hundreds of feet. Some pollutants that have attracted recent regul atory
and public concern, such as acid sulfates, had no data readily available
Finally, of the pollutants that were included in the constructed data

set and exploited in the enpirical effort, the tinme series for all except
total suspended particulates were inconplete. Thus, for exanple, no
information was available on sul fur dioxide concentrations in 1972

Measurement error is not only an issue in the outdoor air pollution
variables. \Wat sonme might choose to interpret as measurement error is a
prinme feature of the two dependent variables, nunber of days annually
ill and length of time disabled. 4 Al'though we have no basis other than
seemngly sensible intuitive interpretations of the formof the questions
asked the respondents (see the explanations for ACUT and LDSA in Table 5.1),
we choose to interpret the former as acute illness and the latter as
chronic illness. Definitional problens of the distinction between acute
and chronic illness aside, it must be renenbered that what is an illness

to one individual is not an illness to another individual. Even the sane
individual may differ over time in what he considers to be a state of
illness. Illness is, in part, an idiosyncratic and subjective phenomenon

only partly susceptible to consensus standards of definition. Therefore, if
one prefers a reductionist perspective and w shes to have all phenonena

col lapse to, say, a chemical neasurenent, then the values of the variables
we ate trving to explain in this study indeed |eave a great deal to be
desired-éj Economi ¢ anal ysis, however, presumes that illness and its

costs lie in the eye of the beholder. No |aws whatsoever governing choices
are innate in the material objects of ordinary cognition. As has been
enphasi zed in the introduction to this section of the report, the degree

of illness that afflicts an individual is, in part, often a matter of

pur posive choice. Economic principles relate to the subjective desires
motivating individuals to becone aware of and perhaps to alter their
environnents.  Thus no object or status becones relevant in economc
analysis until humans perceive it can be used for or defeats sone

subj ective purpose. Illness that is defined in clinical terms but which is
never subjectively realized by the individual who is said to be clinically
il is of little interest except to clinicians. It is certainly arguable

whet her their standards of what constitutes illness should prevail over those
of the individual who professes illness. For this study, we are forced by
circunstances to adopt the latter's perspective. Fortunately, it fits
readily into economc analysis.

In spite of the preceding argument a type of measurement error does
persist in the two dependent health variables. This type of error is
I nherent in the use of any fairly enconpassing neasure of health status.
Kinds of debilitating acute illness for an individual may range, for exanple,
from headaches to heel blisters. Chronic illnesses may show simlar
variations over body sites and inplied debilitating effects for the sane
individuals. In effect, therefore, an individual's response to a question
about the nunber of days he has been ill or the length of tine he has been
di sabl ed involves an aggregation of several attributes perhaps sanpled from
some |arger population of attributes. The weights the respondent enploys
to conbine these attributes to obtain the enconpassing heal th neasures
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may differ anong individuals. Furthernore, they may not be those weights
that correspond to the contribution of the attribute to sone other
paraneter of interest, such as hours of work or noney wages. Recognition
of the possibility that individuals may enploy different weights to
aggregate to the enconpassing health nmeasure serves perhaps to deepen

the reader's perception of the subjectivity of our neasures of ill-health,
It says only that there nmay be as many uni que measures of ill-health

enpl oyed as there are respondents in the sanple. The inport for our
enpirical efforts of discrepancies between the contributions of attributes
toill-health and to other parameters of interest is greater, since we
shall try to ascertain the inpact of air pollution-induced ill-health upon
| abor supply and productivity. In particular, the use of the enconpassing
measures of ill-health rather than the specific attributes nmay attenuate
cur estimate of the effect of air pollution-induced health effects upon

| abor supply and productivity.

As Table 5.1 indicates, all SRC sanple individuals not currently
enpl oyed or seriously |ooking for current enployment had no infornation
recorded about the number of days they professed to be acutely ill.
Furthernore, those individuals for whominformation on ACUT was recorded
were never sick on weekends: their accute illneses occurred, according to
the data, only on workdays. The ACUT variable may thus be confounded by the
wi sh of some respondents to legitimtize for the sake of social appearance

or internal self-respect their failure to go to work. In the enpirica
efforts regarding ACUT therefore, an actual choice of |eisure over |abor
could thus be falsely attributed to ill health. Marquis (1978), however

has been unable to discover any basis for this source of bias.

The rather long list of other variables considered can be divided,
sonmewhat inperfectly, into health state, biological and social endownent
lifestyle, pecuniary, and environmental variables. For the nonent, we wll
limt our discussion of the variables not already discussed to the parts
they are expected to play in dose-response functions, reserving the
di scussion of |abor supply and productivity inpacts to a |ater section.
Only those variables actually used in the estimated dose-response functions
are therefore discussed in this section. A summary table of expected
signs is presented in Table 5.3

DSAB, the degree of disability is the only included health state
variable not enployed as a dependent variable. Since it is ordinally
scaled, its neaning when used as a dependent variable is arbitary. Any
four or five monotonically increasing nunbers woul d have no nore and no
| ess meaning. Wien entered as an explanatory variable in the chronic
illness production function, its expected sign is unclear. [|f the individual
continues to live in spite of having a chronic disability, one woul d expect
the period of recovery, if any, to be lengthier the nore severe the
disability. However, in the general population, severe disabilities
perhaps are nore likely to lead to earlier death. Thus, those sanple
i ndi vidual s who are severely disabled mght be expected to have been
disabled only for a relatively short time span. This would |ead one to
expect a negative association between DSAB and LDSA. Wich effect woul d
domi nate in any particular sanple nust be conjectural. In contrast, since
disabilities, both in terms of Iength and severity, probably cause the
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Table 5.3

Expected Signs for Explanatory Variables
in Estimated Dose-Response Functions

Acute |11l ness Chronic Il1lness
Heal th States
DSAB + ?
LDSA + X
Bi ol ogi cal and Soci al Endownents
AGEH + +
CITY ? ?
EDUC ? ?
FEDU - -
FMSZ - ?
MARR - ?
POOR + +
RACE - -
SEXH ? ?
Li festyles
CHCH - -
EXER - X
FOOD - -
NCl G + +
RELG - -
RI SK - -
Precuni ary
| NSR - -
Envi ronment al
CHEM + +
COLD ? ?
DENS + +
Al NOX + +
Al SUL + +
Al TSP + +
ULTV ? ?
? = unknown
X =irrel evant
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i ndividual to be nore susceptible to conmon tenporary illness, we expect
LDSA and DSAB to contribute positively to ACUT. However, because the
val ues for DSAB are not nonotonically ordered, the magnitudes of the
coefficients for DSAB in both the LDSA or the ACUT expressions shoul d be
di sregar ded.

No one holds that health states inprove with adult age. The adult
human organism suffers natural decay, making the investnment necessary to
maintain a given health state progressively nore costly. The inclusion of
two additional irrevocable biological attributes, race and sex, can be
justified on at least two grounds. First, susceptibilities to some
diseases differ by race or sex. Men, for exanple, don't have breast
surgery and whites don't contact sickle cell anemia. The inplications of
this for the signs of RACE and SEXH are unclear, however. Second, and
probably nost inportant with respect to race, mnorities have frequently
had | ess preventive and ameliorative medical care available to them and have
per haps had | ess opportunity to learn how to use what is available w sely.
The RACE variable mght therefore capture sone fair portion of past and
present differences in the availability of nedical services to individuals.
If this speculation is correct, RACE, which has a value of 1 if the individ-
ual is white and 0 otherw se, should have a negative sign attached for
both illness types.

CTY, FEDU, and POCR are intended to represent differences anong
individuals in their childhood environments. If one grew up in a city,
he probably had better access to nedical care. On the other hand, he was
probably exposed to nore toxics in his everyday environnent. The sign to
be expected for CITY is therefore ambiguous. In contrast, the proper
signs to expect for FEDU and POOR are relatively unanbi guous. Educat ed
parents, in addition to their other know edge about worldly affairs, wll
perhaps be nore sensitive to the inplications of childhood health

practices for future adult health status of the child. In addition, they
mght tend to be better at interpreting signals of health distress and
choosing the nedically nost effective course of action. If adult health

states are positively influenced by childhood health practices, then the
sign attached to the FEDU coefficients in either acute or chronic illness
dose-response functions should be negative. For simlar reasons, the
POOR coefficients are expected to have positive signs

Wth one anbi guous exception, EDUC, FM5Z, and MARR contribute to good
health. Many recent studies indicate that anong soci oeconom ¢ vari abl es
years of formal schooling conpleted is frequently the nost inportant
predi ctor of good health. Gossman (1975) has found enpirical evidence of
a causal relationship running from past schooling to current health. The
i ndi vidual who is married has his wife's tine available, as well as his own,
for the protection of his health. At least for acute illness, increasing
famly size also inplies that certain individuals within the famly can
specialize in the production and the protection of other famly menbers
health. This inplies that over sone interval there exist increasing returns
to health production specialization within the famly, a proposition that
accords neatly with casual observation but for which no strong enpirica
evi dence appears to exist.
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The expected sign for FMSZ in a chronic illness dose-response function
I s anbi guous because the number of children a famly has is, in part, an
i nvestment decision.® Qder children provide more opportunities for
fam |y nenbers to specialize in health production and protection; however,
if a state of chronic disability was suffered by the famly head before the
accumul ation of a large famly, it would seemthat the investment process
in children would be made nore costly. The latter statement inplies that
fewer children and chronic disability are positively associated, while the
former says that children, once they are able to assume some responsibilities
for famly production, contribute to good health. Put in terns of our
concerns in the introduction to this portion of the report, an observed
associ ation between an individual's state-of-health and his famly size
could reflect causality running both fromfamly size to health and from
health to famly size. This issue could, of course, be resolved by
buil ding an anal ytical structure in which famly size is made a decision
variable. To do so would take us beyond the inmediate scope of this
research effort. W have therefore enployed famly size as an explanatory
variable in our estimated chronic illness dose-response functions w thout
I nposi ng any sign expectations upon it and recognizing that its presence
could bias the air pollution coefficients

Al of the lifestyle explanatory variables are standard entries in
epi dem ol ogi cal studies of air pollution. There are, however sone specia
features worthy of note for each variable. NCIG for exanple, is not the
number of cigarettes smoked by the individuals but rather the nunber
snoked per adult famly menber. It is assuned this serves as a reasonable
proxy for the snoking habits of the individual head. For the cigarette
variable therefore, its estimated coefficient is best considered as an
indicator of the health effects of smoking or not snoking. Little, if any,
credence shoul d be assigned these coefficients as indicators, in the
nei ghbor hood of the average snoking habits of the respondent sanple, of
the increnental health effects of smoking an additional cigarette; that is,
the sign of the coefficient rather than its magnitude is the result to
I nspect.

Bi onedi cal wi sdom says that continuing participation in energetic
activities and an adequate diet contribute to good health. Since the SRC
data set contained no information on the respondent's exercise habits
before he becane disabled, we have not included EXER in the chronic
il ness dose-response function. O herw se one nust face the two-way
causality problem w th inadequate data resources to handle it. In
negl ecting this variable, however, which proves to be consistently
statistically significant in the acute illness dose-response function
we raise the spectre of biasing the air pollution coefficients in the
estimated chronic illness dose-response functions. Since, a priori
energetic activities are expected to reduce the incidence of chronic
i lIness, the absol ute magnitudes of the air pollution coefficients wll
be biased downward, causing the effect of air pollution on chronic illness
to be underestimated. However, for those years in which EXER is available
in the SRC data set, the absolute value of the sinple correlation between
it and the air pollution variables is generally less than (0.15. The bias
its exclusion introduces is probably therefore mnor unless it intrinsically
has a very strong influence on the nagni tude of the chronic illness

90



vari abl e.

So as to enhance the creditability of the dietary habits variable, FOOD
we quote from Survey Research Center (1972a, p.75):

"Since expenditure on food is a relatively easy to measure proxy
for adequate nutrition and is one of the study's nore inportant
variables, nuch care has been taken to inprove the technique of asking
t hese questions; several refinenents, but no added objectives, have
resulted in a few changes to these questions over the five waves of
the survey."

Accepting the assertion that the anount of food expenditures was one of
the nmost carefully treated questions in the entire SRC survey effort, the
i ssue remains as to whether these expenditures, even when stated relative
to food "needs,” are capable of providing useful information on the etiol ogy
of illness. Certainly they can provide no information on dietary contribu-
tions to particular diseases unless expenditures on particular food groups
are known. But then we are dealing in any case only with generalized
measures of self-reported health status. As for the use of expenditures on
food rather than actual food consunption, one's conprehension of this
neasure is aided if it is viewed as a proxy for a stock variable relating
to the history of the individual's investnents in diet. Real capital in
the hospital industry is not measured in terns of gadgets and buil di ngs but
rather as the discounted value of the accumul ated investments. Simlarly,
di etary adequacy may be measured as the discounted value of the individual's
accumul ated expenditures on food. FOOD, which is sinmply current expenditures
on food relative to a "needs" standard, will generally tend to be positively
related to this discounted value

The intent of including the CHCH RISK and RELG variables is to capture
acqui red behavioral traits consistent with an out-of-the-ordinary
aversion to heal th-endangering activities. W hope at |east some of those
forms of healt h-enhancing everyday behavi or not otherw se available in the
data set collapse into these variables. Anong these forns would be
regulatory getting six to eight hours sleep, a tightly-knit and enotionally
supportive famly life, a healthy mx of foods consunmed, and the nany ot her
lifestyle factors to which assorted medical commentators variously
attribute the production and protection of good health.

INSR, a dummy variable referring to whether or not the individual is
covered by nedical insurance, should be correlated with the individual's
consunption of nedical care. The variable should be negatively rel ated
to the price of medical care that the individual faces and therefore
positively related to the quality of medical care he has consumed. If
nmedi cal care inproves health or maintains good health, then the nedica
i nsurance variabl e should have a negative coefficient in both the acute
and the chronic illness dose-response functions. Qur use of this variable
in a dose-response function might be criticized on grounds that it is
serving as a proxy for the quantity of medical care consumed, where this
quantity and the proxy are the consequence of current period decisions. W
admt the possible validity of this view but neverthel ess chose to retain
INSR as our only available proxy likely to be strongly associated with the
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individual's adult history of medical service consunption. In short, we
assune that the benefits to estimation fromincluding a plausibly

rel evant variable (a history of the individual's adult consunption of

medi cal services) outweigh the |osses to estimation incurred by enploying
a current period decision variable as an explanatory variable in a single
equation structure.

Among the environnental variables, all the air pollution variables, as
wel | as DENS and CHEM are expected to have positive signs for both acute
and chronic illnesses. People who live in crowded conditions are in
closer contact with other individuals, nmaking personal sanitation nore
difficult, and increasing the probabilities of contracting whatever
communi cabl e illnesses plague others. The contacts of workers in the
chem cal s and netal s manufacturing sectors are not so much with carriers
of conmmunicable illnesses, but rather with exposures to toxic substances
in the work place. These exposures are thought to exceed those of the
rest of the popul ation.

H ppocrates, 460-337 B.C. (1939) and the witers of a large literature
descending fromthose ancient times have asserted a sort of climtic
deternminismwith respect to health.Z e briefly acknow edge this
literature by considering two clinmatic variables, COLD, to represent the
extent of freezing weather, and ULTV, to indicate the amount of sunshine
Al'though the literature in this area says that climate has an influence on
health, any advice it gives as to whether these climatic paraneters are
harnful or beneficial is unsettled. W therefore prefer not to make
assertions about the signs to be expected for the coefficients of these
vari abl es.

A great nmany nore variables for each of our variable classes is
avail able on the SRC survey tapes. In addition, since the county of
residence is known for each individual respondent for each year of the
survey, additional environmental and general area information could be
conbined with the SRC tapes. Many nore variables could be constructed from
the basic SRC information. W did initially consider sone other
definitions and versions of the variables in Table 5.3, but this |ist
shoul d provide a reaonabl e description of the data we had avail abl e.

Bef ore proceeding to the presentation and di scussion of the dose-
response functions, there are several salient characteristics of the
constructed data set that do not necessarily have clear inplications for
the results but which neverthel ess provide formand a setting for them
Tables 5.2 and 5.4 are thus worthy of sone attention. The reader is
rem nded, however, that these tables are inconmplete: they are only
representative of the sanples used to estimte the dose-response functions.

Note that three of the characteristics of Table 5.4 are consistent with
a high proportion of the individuals in the sanple having lived for |ong
periods in one locale. People who live within walking distance of
relatives, have always lived in one state, and have never noved to take
a job el sewhere have likely had a long history of exposures to the outside
air pollution of one nunicipality. In short, the SRC data allow one to
conpensate sonewhat for the lack of a long data series on the pollution
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Table 5.4

Proportions of Entire Survey Research Center Sanple Processing
a Particular Characteristic During 1971

Characteristic Per cent
Asset income < $500 81.1
Children < 25 years in famly unit 51.3
Has relatives living within walking distance 42.6
Enpl oyed head 72.7
Unenpl oyed head 2.2
Retired head 16.6
Housewi f e head 6.7
Student head 1.6
Working wfe 33.3
Di sabl ed person in famly other than head 3.8
Nei ghbor hood of detached single-famly hones or |esser density 65. 9
Rents dwelling unit 37.8
Always lived in one state (1970 data)* 40. 4
Never noved froma comunity for a job change (1970 data)* 57.9
Di sabl ed head 21.8

*These proportions are not indicated in the code book describing the
1971 data. It is highly unlikely that they differ significantly fromthe
1971 proportion.
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exposures of sanple individuals. |f one is willing to assune that
relative pollution concentrations anmong | ocations have been reasonably
constant over time, then he can at |east |oosely grasp the effects of
cunul ative exposures on differences in health states. These cumul ative
exposures mght not be terribly relevant with respect to acute illness,
but they can be highly inmportant with respect to chronic illness,
Therefore in all our enpirical efforts dealing with chronic illness, we
deal only with sanple individuals who have always lived in one state or
who have never moved for a job change. Even though this partitioning by
no neans guarantees that we fully capture the cunulative air pollution
exposures of the sanple individuals, we believe that it does so to a
substantially greater degree than do nost air pollution epiden ol ogy data
sets

The proportion of sanple individuals who profess disabilities
consi stently approxi mates one out of every five. COver the nine year
interval of the data set, it ranges froma low 18.2 percent in 1974 to a
high of 23.6 percent in 1969. |In fact, only for the 1974 and 1975 entire
SRC popul ation sanpl es was the proportion disabled bel ow 20 percent (in
1975, the proportion was 18.4 percent). These |lower proportions for 1974
and 1975 are probably due to the rather drastic drop in the nean age of
the sanpl e popul ation occurring between 1973 and 1974, which is reflected
in the mean values for the AGEH variable in Table 5.2. The drop causes
the proportion of the SRC sanple that reports being disabled to better
approxi mate the proportion disabled in simlar area probability sanples
of the U S. civilian non-institutionalized population. These other
sanpl es generally tend to have ten to fifteen percent of their individuals
suffering from self-reported disabilities.

A glance at Table 5.2 shows that the nunber of individuals enployed in
the chem cals and netal s manufacturing sector is usually too snall, given
sanpl e sizes of about 400, to estimate reliably the extent to which the
exposures associated with this enployment generate illness. As earlier
noted, the 1973 SRC data include information on three-digit occupationa
codes by three-digit industry for the sanple individuals. |f, after
having careful |y perused the data to ascertain exactly which occupations in
whi ch industries involve substantial exposures to toxics, the entire SRC
popul ation sanple were to be used to estinmate an acute or chronic illness
dose-response function, one mght have sufficient degrees of freedom
available to obtain reliable coefficients for these manufacturing sectors.
At best, one or two of the sanples we enploy here have enough sanple
i ndi vidual s enployed in these sectors to be slightly suggestive about an
associ ation between exposures in themand acute or chronic illnesses.

Finally, when evaluating the enpirical results reported in this study,
one must face the question of the accuracy of respondent recall. Since
there exists no data base referring to contenporaneously observed sanple
i ndi vidual behavior and status, one's judgnents about accuracy nust
necessarily be nore-or-less personal and introspective. The follow ng pair
of facts can aid in the formation of this judgnent. First, all respondent
interviews were conducted within 12 nmonths of the year for which respondent
behavior and status was to be reported. Thus the longest interval that
coul d pass between some respondent event and his reporting of that event
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was 23 months. In all years, however, the great bulk of the interview ng
was conpl eted by June of the year follow ng the year that was to be

reported. For these respondents, the greatest time lag that occurred
between an event and its reporting was 17 nonths. The snallest |ag that
could occur, since interviewing started in early March of the year follow ng
the year to be reported, was two nonths. ©

Perhaps nore relevant to the recall issue than the question of lags is
the incentive respondents had to make nental or witten note of their
behavi or and status to ensure accurate answers when the appointed tine for
their interviews arrived. Several points relevant to this incentive
Issue can be made. First, as reinterview ng "waves" (this is the SRC s
tern) passed, those original respondents who were hostile to the interview ng
process and purpose probably renoved thenselves fromthe sanple. W
specul ate that those who voluntarily stayed in the sanple possessed a
substantial incentive for accurate recall. This inplies that data from
| ater years is perhaps nore reliable than data fromearlier years. Second
those famlies that did remain in the sample becane nore famliar with
what woul d be asked themwi th each reinterview ng wave and woul d therefore
take more care to nmake mental or witten note of events so that they could
be accurately reported. This too inplies that data fromlater years
tends to be nmore reliable. Third, the respondents were paid a small sum
($5.00 - $7.00) for participating in the interview Finally, after
having conpleted an interview, the respondent was |eft a postcard that
he was asked to send to the SRCin early January of the follow ng year
This card inforned the SRC of the respondent's current address. Those who
did and did not return the cards were sent a rem nder and a postcard in
January, along with a summary expl anation of enpirical results fromthe
interviewing of the preceding year. Al who returned the postcards
whet her or not rem nded, were rewarded with an additional paynent of
$5.00 The SRC does not report the proportion of those who returned
postcards, but, given the reinterview rate one can reasonably conclude
that the return rate nust have been fairly high. W judge fromthis that
respondent interest in the survey nmust have been substantial, resulting
in an incentive to keep rather careful track of behavior and status.

Aside fromthe detail of its information, the SRC sanple and its
conbination with the air pollution data contain little that is remarkable
relative to other data sets that have been used in air pollution epidem ol ogy.
Judging fromthe general sociodenographic attributes depicted in Tables
5.2 and 5.4, the sanmple in spite of our disregard of the SRC sanple
wei ghts, appears to be close to a random sanple of the U S civilian
non-institutionalized population. The high proportion of non-whites
does, however, raise sone doubt about its exact representativeness.Y
The increasingly better control of sulfur dioxide emssions is clearly
registered in Table 5.2, although control of particulates and nitrogen
di oxi de appears not to have exhibited much inprovement over the nine-year
interval. Table 5.2, by its failure to show data for variables in some
years that appear in other years, exhibits both changes in the SRC
Interview formats as well as our deletion of variables in expressions
estimated for sone years when they were not statistically significant
in expressions estimated for sanmples drawn from other vyears.
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5.3 Estinmates of Dose- Response Rates for Acute and Chronic |l ness

To place any credence in the estimates presented in this section,
one nmust believe that stochastic factors play a role in dose-response
functions. Stochastic disturbances may have a greater or a |esser part to
play than systematic biol ogical, physical, economc, or social influences,
but they nevertheless have a part. If all influences were entirely
determnistic, the statistical procedures enployed here (as well as all of
epi dem ol ogy) woul d be unnecessary and redundant: all one would have to
do to ascertain the values of the influences is go to the laboratory
and perform the relevant neasures. In fact, single observations on the
phenomena of interest would suffice: if the observations conformed to
the proposition, one would accept the proposition for now  Qherw se
it would be rejected, Bionedical research enploys both |aboratory and
human popul ation studies (and several different variants wthin each
of these general classifications) to come to grips, nost often with |ess
then iron firmess, wth dose-response functions. The use of these
approaches and their variants is an admission that the functions involve
significant stochastic elenents.

Reference is made to rates rather than functions in the subtitle of
this section because the enpirical results reported apply only to
changes in measured illness for one-unit changes in the explanatory
variables of interest at the nean val ues of these dependent and expl anatory
variables. These changes could properly describe an entire dose-response
function if and only if that function were linear in the origina
variables.  Throughout the estimation procedure, we have enpl oyed |inear
functions for an assortnent of reasons, not the |east of which is that
there appears to be no strong anal ytical or enpirical precedence for
doing otherwise with the generalized measures of ill-health we are using.
W don't know whether the air pollution dose-health response function is
supposed to be increasing at an increasing or a decreasing rate over a
given interval. A linear function is the best available conpronise between
these two possibilities. The linear formis easily interpreted at a
glance and, furthernore, relative to other readily estimted forms such
as the multiplicative, it does not attenuate the potential influence of
observations having extreme values. In the absence of know edge about the
functional formof the relationship one is estinmating, the use of nultiplica-
tive and simlar forms effectively reduces the variation of the sanple
and thus will often allow one to explain a larger proportion of the
variation in the (rescaled sanple. For purposes of the present study,
since we lack prior know edge of the formof the dose-response functions,
we wish to provide the extrenes of good and ill health, and pristine and
filthy air, full rein. This reluctance to reduce the influence of
outliers, when combined with our use of data on individual human being
rather than group averages, neans that we reduce, if not conpletely
deny, our chances of explaining large proportions of the variation
anong our basic observational units in acute and chronic illness.

Tabl es 5.6a and 5.6b present estimates for househol d heads of dose-
response relations for acute illness and Tables 5.7a and 5.7b do the sane
for chronic illness. So as to reduce the extent to which cunul ative
exposures to outdoor air pollutants are unaccounted for, all the estinated
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chronic illness expressions enploy as basic units of observation only
househol d heads who have always resided in one state. This restriction is
i nposed for all chronic illness estimtes throughout the chapter

Substantial care has been taken to assure that all explanatory
vari abl es have either always been outside the household head' s domain
of control or have been established by his actions prior to the period
being considered. Thus, variables such as the head's age, where he
grew up, his father's education, and past financial status, his sex and
race, and the cold, air pollution, and the ultraviolet radiation to which
he is exposed at a particular location are matters over which he never
has and never will exercise anything but the nost trivial influence. They
are inalterable. Qher variables such as the severity of any disabilities
he has, and his education, marital status, and famly size were certainly
influenced by his decisions. However, the inpact of past decisions on
the current values of these variables will, for nearly all adults,
overwhel m any potential inpact of decisions nade within any current 12
month period. The economic sector within which one is enployed and the
roons per famly menbers in one's housing are perhaps subject to nore
i medi ate control but, for the great bulk of people, are not very quickly
or readily adjusted. Assertions of predetermination are clearly in-
accurate for nmost of the life-style variables. One's current cigarette
consunption, exercise, and dietary habits, etc., are quickly adapted to
changing circunstances. Yet one might also reasonably argue that even
these current adaptations are isonorphic to acquired habits, and can
thus be enmployed as proxies for these predilections. In fact, for
itens such as medical insurance, food and cigarettes, there is abundant
evidence in the enpirical consumer demand literature that the quantities
i ndi viduals consunme are quite insensitive to price changes, at |east
for the range of price changes likely to occur in a year. Simlarly,
these habits tend to persist for some tine in the face of substantia
yearly income changes. Finally, introspection says that one's religious
and risk aversion attitudes are the result of the accunul ated experiences
and learning of a lifetime rather than a nmomentary diversion that will
serve only until a new fad comes to one's attention.

A rather large data set like the SRC survey, when joined with a
quite sparse set of a priori propositions with which to restrict the
expressions to be estimated, leads one into tenptation. In particular,
usi ng an unchangi ng set of sanple observations, one is tenpted to
add and del ete variables and try assorted functional fornms until a result
is obtained that, on statistical grounds alone, |ooks good; that is, the
coefficients attached to the explanatory variables all have common sense
or a priori acceptable signs and are generally statistically significant
at high levels. Mreover, sunmary statistics such as the coefficient
of determination are high and standard errors of estimate are | ow
Quite frequently, the results of this "data-grubbing" are reported w thout
any description of the manipulations |ying behind them As is well-

known, this practice can introduce substantial biases into estimted
coefficients. In the words of Selvin and Stuart (1966, p. 21):

any prelimnary search of data for a nodel, even when the
alternatives are predesigned, affects the probability levels of
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al| subsequent tests based on that nodel on the sane data, and
in no very sinple way, and also affects the characteristics of
subsequent estimation procedures. The only valid course is to
use different data for testing the nodel dredged fromthe first
set of data."

& have not conformed absolutely to this dictum but have neverthel ess
followed it rather closely.10/

In Tables 5.6a, 5.6b, 5.7b, each estinated expression is nunbered,
with each nunber in each table corresponding to an entirely new sanple
drawn at random fromthe entire SRC popul ation sanple or that portion of the
SRC sample neeting certain inposed conditions. Thus, for exanple, in
Table 5.6a expressions (1A), (1B), and (1C), are estimated fromthe same
set of observations but the expressions (1) and the expressions (2)
are estimated fromentirely different sanples. Since the availability
of variables in the SRC data set can differ greatly fromyear-to-year
and the definitions of variables can differ slightly, it is not possible to
exploit formal statistical tests for replication. Nevertheless, if the
different sanples do yield simlar results for a particular set of
variables, a dimension is added to the estimation procedure that undeniably
adds information and confidence in the results.

Even though a nodi cum of sonething resenbling data-grubbing is
present in the estimation of expressions like (1A), (1B), and (1C) in
Table 5.6a, it does not involve anything nore than using the sane data
set to reestimte expressions in which nothing other than the air
pol lution variables has been changed. Thus, though (1) in Table 5.6a
invol ves three expressions, only three "runs,” with one run for each
conbi nation of air pollution variables, was perforned.

Table 5.5 is a table of sinple correlation coefficients for a
representative sanple. These coefficients, of course, differed from one
sanpl e to another, but the table provides a good idea of the genera
patterns of intercorrelation anong the variables that were estimated
by the various sanmples. As a glance at the table shows, there is very
little linear association between the air pollution variables and any
single other variable used to explain acute and chronic illness. No
one of these other explanatory variables linearly accounts for nore than
23 percent of the variance of an air pollution variable, and, in nost
cases, the variance accounted for is considerably bel ow ten percent.
Simlarly, the intercorrelation anong variables other than the air
pol lution variables tends to be very low This, of course, does not
mean that strong nonlinear associations between single variables are
absent. Neither does it nean that close associations between the air
pol lution variables and linear or nonlinear conbinations of other
expl anatory variables are not present. Al though there exist sone
statistics that purport to test for these latter two possibilities,
we have not enployed themin this report. W thus proceed as if the
fact that |inear associations between single explanatory variables are
typically low inplies that multicollinearities among all explanatory
variabl es (except for the air pollution variables) are unlikely to
inflate the standard errors of coefficients, thereby causing certain
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RISK

AGEE

FHSZ
sEXm
IRSR

SVGS

SULT

LUSA

1.000

0.156
-0.164
~0.160

0.006

0.096

0.153

0.124
~-0.002
-0.006

0.002

£DUC
-0.139

1.000

~0.137
0.188
0.419
-0.013
~0.012
~0.058
-0.024
0.053
0.113

-0.021

~0.285

CIGE
-0.112

0.001

~0.124
0.137
0.306
0.023
-0.084
0.079
0.079
0.057
0.087
0.045

RACE
-0.130

0.326

Table 5.5

Representative Dose-Response Function Sample

EXER
-0.075
0.230

0.006

0.024
0.169
0.170
-0.080
-0.084
~0.1Q6
~0.119
-0.126
-0.229

-0.142

ACUT
-0.094

0,030

FOOD
~0,202

0.442

0.077

0.054

«~0.239
0.501
0.732
0.289
0.044
0.050
0.016
0.018
0.072

~0.009

TSPT

0.054

0.0494
~0.071

0.155

R1SK
-0.132

0.454
-0.268

0.134

0.454

-0.133
0.214
0.447

~0.053
0.042
0.136
0.066
0.069
0.136
0.058

TSPN

0.067
0.039
0.008
0.074

0.922

AGEH

0,201
~0.15%
-0.091
-0.106

0.157

-0.021

0.115
-0.176

0.180

0.026
-0.085
-0.097
-0.086
-0.031
-2.085
-0.044

TSPM

0.056
0.075
0.056
0.086
0.970
0.976

DSAB

0.700
~0.153
-0.06?
-0.059
-0.172
-0.200

0.231

0.137
-0.135
-0.136

0.155
-0.043

0.080

0.150

0.066

0.043

0.045

SULT
0.004
0.039
«0.012
0.119
0.441
0.652

0.622

29

FMSZ
a.037
-0.191
0.126
n.038
-0.369
0.173
-0.081
-0.035

0.108
-0.182
-0.235
-0.059

0.034

0.055

0.040

0.021

0.025

0.013

SULX
0.038
0.052
-0.082
0.122
0.242
0.837
0.861

0.808

SEXH
-0.117
0.217
0.303
0.167
0.311
0.427
0.03i8
~0.184
0.081

0.030
0.147
0.353
-0.071
0.110
0.093
0.133
0.155
0.097

0.169

SULM
0.005
0.065
~0.100
0.122
0.658
0.821
0.800
0.945

0.93%

INSR
~0.301
0.401
0.186
0.151

0.414

0.678

0.001
-0.325
-0.206

0.217

~0.060
0.177
0.413
0.046
0.066
C.084
0.047
~0.054
0.042
-0.031

SVGS
~0.175
0.354
0.018
-0.150
0.50)
0.043
0.284
~0.165
~0.188
0.215

0.418

~0.165
0.119
0.414
-0.024
0,155
0,431
0.172
0.108
0.217

0.119

a

Matrix of Simple Correlation Coefficients for a 1971

CHEM
0.029
0.201
-0.037
~0.024
0.059
-0.032
0.076
~0.024
~0.004
0.033
0.033
0.065

-0.052
~0.012
0.050
~0.018
0.091
v.100
0.088
0.015
6.073

0.031

cry
~0.008
0.057
0.303
~0.025
0.012
0.068
~0.094
~0.048
0.047
0.088
-0.027
~0.058
0.035
0.076
0.100
~0.017
~0.055
0.042
U.074
0.056
0.072
0.068
0.071
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Dose-Response Rates foxr ACUT:

Table 5.6a

Unpartitioned Samples

Year (1A) (1B) (ac) (2) (3)
Variable B 1967 s B 1967 s B 1967 S B 1968 s B 1969 s
DSAB 20.541 5.862 21.140% 5.947 21.52Q0%* 5.854

LDSA 47.04% 16.08 3.252 12.290
AGEH -2.486 1.650 ~2.068 1.246 ~1.895 1.637 ~-1.306 1.456 -1.208 1.097
EDUC 4,086 13.344 4.155 13.540Q 4,462 13.300

MARR -12.561 81.952 -8.362 81.660 ~21.280 80.500 16.610 35.560 0.065 29.11
POOR ~24.264 4Q0.419 ~24.,060 4Q.800 -26.120 40.180 -29.80 34.03 -52.320% 27.030
RACE -87.746* | 46.328 | -95.090% | 49.95 -109.900*% | 53.220

SEXH ~17.564 87.082 -7.666 86.450 ~20.37Q 85.480

EXER -66.732% 34.930
FOOD -0.062% 0.039 ~0.Q63% 0.033 -0.066% 0.037 -0.056%* 0.023 -0.071 0.175
NCIG 17.943 11.801 18.520 12.010 20.170% | 11.760 16.130% 9.844

RELG -12.561 81.958

RISK -9.392 16.670 | -11.17Q 17.190 -13.770 16.720 | -17.676% 12.330 | -25.960% 9.668
INSR 20.84 59.05 15.150 59.31 13.380 60.380 88.710%% 47.090 67.510%*% 37.420
CHEM

DENS 1.127 7.429
NOXT

NOXM

NOXN

SULT 1.857% 1.033

SULM 1.488% 0.733 1.518% 0.925 ~1.199 0.951
SULN 0.722% 0.372

TSPT -0.432 0. 681

TSPM -0.442 0.648 -0.963 0.606 1.122% 0.765
TSPN -0.120 0.261

(continued)
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Table 5.6a

(continued)

Year (14) (1B) (1¢) 2) (3)
Variable B 1967 s B 1967 s B 1967 s g 1968 s B 1969 s
Constant 410.960 322.546 320.309 447.874 283.201
R2 0.307 0.296 0.313 0.175 0.182
S.E. 164.745 166.030 164.108 317.210 264,023
F (13,80) = 4.731 (13,80) = 4.594 (13,80) = 4.800 (10,389) = 6.139 (10,389) = 5.473
Nox

. . . .32
nSUL 0.308 0.353 0.544 0.326
"rsp 0.474
(continued)
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Table 5.6a
(continued)

Year

Variable

(4)
g 1970

L]

B

1971 s

(6)
B 1972

S

B

(7)
1973

S

DSAB
LDSA
AGEH
EDUC
POOR
RACE
SEXH
CIGE
EXER
FOOD
NCIG
RELG
RISK
INSR
CHEM
DENS
NOXT
NOXM
NOXN
SULT
SULM
SULN
TSPT
TSPM
TSPN

76.490
0.485

-63,200%
18.490

-48.620

-37.120%*
9.885
-3.280

2,520%

13.920
1.153

27.360

31.070

30.260

9.872
36.780
55.020

1.104

47.990%*
2.542%
-15.800%
-49,260%
-85.170%
-30.150
-0.030

-21.796%
7.439

2.257

1.,453%

14.590
1.199
8.370

26.640

31.090

31.560
0.021

9.876
40.330

2.259

0.764

180.800%
1.411
128.100%*

4.435
20.740

-99.730
3.529%*

.972

1.782% ¢

26.
1.
41,

22
43,

110.

550

563

550

. 680

290

300

.597

. 684

.780

19.340
0.355
2.550

-14.190
~36.450%
~123,600%

54.410
0.056

0.223%

-0.361

-0.249

14

.740
.051
.818
28.
20.
29.

110
460
390

740
.075

.124

.305

.314

(continued)



Table 5.6a

(continued)

Year (4 (5) (6) (7
Variable B8 1970 s g 1971 s B 1972 s B 1973 s
Constant 305.260 172.464 -78.317 175.040
R2 0.123 0.123 0.169 0.095
S.E. 262.333 252.936 394,533 254.413
F (9,390) = 6.104 (11,388) = 4.926 (9,390) = 8.836 (11,388) = 4.435
TNox 0.618

0. .
nSUL 361 0.518
Nrsp 0.497

*Significant at the 0.05 level of the one-tailed t-test.

€01

#%Significant at the 0.05 level of the two~tailed t--test.
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Table 5.6b

Dose-Respongse Rates for ACUT:

Partitioned Samples

(1) @) 3) (%)
Year 1967 1969 1969 1970
‘Always lived in 1 atate RINGC = £ $7,500 I ZNCIG 5 6 1 2 psSaB £ 3
Variable [ 8 [4 8 g 8 8 s
DSAB 42,056% 6.538
LDSA 111,200% 37.590 17.960 13.810 -94,990% 34.430
AGEH 0.384*% 0.187 2,889 3.488 -2.383 1.435 1.215
EDUC 2.716 2,302
MARR -17.037 85.185 117.800 75.310 35.290 38.710 56.630 99.450
POOR 31.832 46.812  |-116.400 78.780 5.323 31.210 ~66.900 86.310
RACE -60.549 53.583
SEXH 13.327 9,005 ‘
FOOD ~0.061 0.057 ~1.648% 0.559 -0.084 0.218 -0.168 0.519
NCIG 5.643 3,239% 36.940% 22.710 34.030% | 18.620 '
RISK -4,047 17.600 32.950 27.840 -4.700 12.380 1.938 35.750
INSR ~75.286 70.361 80.820 86. 440 -71.390% | 42,490 ~54.560 117,000
SULM -0.992 7.631 5.135% 3.020 0.007 0.831 0.114 2,930
TSPM 1.765% 0.865 -4.031 3.020 -0.594 0.480 1.215 2.210
EXER 200, 600% 125,600
DENS ~31.710 21.700
Constant 121.290 566.723 165.600 482,897
r? 0.152 © 0,186 0.076 0.122
S.E. 352.420 443,738 243,090 449,633
F (14,306) = 6,621 (10,150) = 3,431 (10,268) = 2.191 (10,114) = 1,585
NSUL 0.565
NTSP 0.952
l

*Significant at the 0.05 level of:che one~tailed t-test.
**8ignificant at the 0.05 level of the two-tailed t-test,
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Dose~Response Rates for LDSA:

Table 5.7a

Unpartitioned Samplesa

| Year | @ @ (3a) (3b) (58)
Variable [ 1967 s 8 1968 s B 1970 s B 1970 s g 1971 s
DSAB 3.286% 0.227 0.554%% | 0.035 0.550%% 0.035 0.808%% 0.049
AGEH 0.003 0.007 -0.002 0.007 0.005 0.004 0.005 0.004 0.007* 0.004
CITY

EDUC 0.079 0.054 0.170 0.416 0.013 0.029 0.001 0.029 -0.057 0.030
FEDU -0. 044 0.037 -0.043 0.037 -0.044 0.035
MARR 0.204 0.284

POOR 0.188 0.157 0.135 0.163 -0.069 0.103 -0.065 0.103 0.086 0.096
RACE 0.344 0.200 0.072 0.488 0.088 0.487 -0.057 0.119
SEXH 0.410_, 0.297_, 0.139 . 0.114 0.132 0.113 0,233k 0.109_,
FOOD -0.7x10 0.26x10 0.002% 0.001 -0.902 0.975 -0.924 0.973 -0.13x10"3 | 0.81x10
NCIG 0.023 0.047 ~0.089% 0.041

RISK -0.009 0.006

INSR -0.152 0.245 -0.336% 0.218 -0.454% 0.129 -0.459% 0.129 -0.496% 0.125
CHEM ~1,645%% | 0.575 -0.097 0.575 -0.002 "> 0.916
NOXT

NOXM

NOXN

SULM 0.0036 0.0025 0.0067% 0.0035

SULN.

TSPM 0.0021 0.0037 -0.0036 0.0024 0.0028* | 0.0011 - 0.0019 0.0017
TSPN 0.0018* 0.66x10

Constant ~0.636 0.631 2.980 2.924 0.265

R 0.094 0.371 0.525 0.526 0.530

S.E. 0.835 0.736 0.964 0.963 0.904

F (12,134) = 2.158 (9,390) = 25,580 (11,388) = 38.920 (11,388) = 39.170 (11,388) = 39.800
Nox

nSUL 0.278 0.341 0.268

TITSP . . .

(continued)
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Table 5.7a

(continued)

(58)
1971 s

o]

8

(6A)
1972

o

(6B)
1972

0.809%%
0.007%

0.049
0.004

-0.058

0.030
0.035

0.088
-0.054
0.240%%

-0.13x10-3

0.097
0.119
0.109_

0.81x10

-0.499%
-0.016

0.125
0.917

3

0.59x10" 0.73x10

3

0.023*
~0.057
-0.081

0.007

0.104

-0.272

-0.156

-0..0007

0.0028

.0017

.0027

0.020%
-0.085
~-0.125%%*

0.048

0.116

-0.220Q
-Q0.182

0.14x10">

0.0030%*

.005
. 045
.043
.055

[oNeNoNol

.145
.154
142

oNeNe]

0.89x10">

0.0013

Constant

2
R

S.El
F

Nox
"syL
Npsp

0.181

0.529
0.905
(11,388) = 39.680

0.701

Q.119
1.347

(9,390) = 5.879

0.376

1.054

0.134
1.315

(9,390) = 6.706

0.630

(continued)
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Table 5.7a
(continued

)

Year

Variable

(74)
B 1973 8

(78)
B 1973

s

(84)
B 1974

s

(8B)
B 1974

s

DSAB
AGEH
CITY
EDUC
FEDU
MARR
POOR
RACE
SEXH
FOOD
NCIG
RELG
INSR
CHEM
NOXT
NOXM
NOXN
SULM
SULN
TSPM
TSPN

0.017%*
0.155
-0.122%
0.059

0.044
0.140
0.043
0.052

0.050
-0. 208
-0.207

0.143
0.154
0.141

0.0033 0.0037

0.0017 0.0015

0.017%*
G.180
-0.128%
0.057

0.029

-0.2Q02
-0.209

0.003

Q.0Q04

0.004
0.140
0.043
0.053

0-. 142

Q.155
0.141

0.002

Q.0017

0.017%* 0.
-0.118%% 0.

-0.291 0.
0.36a* 0.

-0.001
-Q.060

-0.459 0.
-0.161 Q.

0.0023 0
-0.0047 0.

0.0008 0

005

049

221
151

.230
.066

284

327

.0017

Q062

.0028

. 287
.305%

. 001
.067 | 0.

.0002 0

.017% 0.

L111%% 0.

[ )

<

457 0.

.131 0.

.0046% 0.

.0007 | o.

005

049

.221
.151

.230

067

284

325

0025

.0022

0019

Constant

RZ

S.E.
F

Nox
"suL
Npgp

0.309

0.106
1.303
(9,390) = 5.785

0.505

Q.109
1.303

(9,390) = 5.290

-0.687

0.118

0.966
(11,214) = 4.

0.363

591

-0.828

0.112

0.964
(11,214) = 4.

1.143

693

(continued)
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Table 5.7a
(conti nued)

*Significant at the 0.05 level of the one-tailed t-test.

**Significant at the 0.05 level of the two-tailed t-test.

@\l observations in this table are limted to individuals who have always lived in one state
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Dose~-Response Rates for LDSA:

Table 5.7b

Partitioned Samplesa

Year

Variable

1
1971
S0-cities
R 8

(2)
1969

(34)
1972
AGEH > 45
8 8

(3B)
1972
ACEH > 45
8 s

(4a)
1972
AGEH > 45 & MILE < 15
8 s

(4B)

1972
AGEH < 45 & KILE < 15
B 8

DSAB
AGER
CITY
EDUC
FEDU
MARR
POOR
RACE
SEXH
FOOD
NCIG
RELG
RISK
INSR
CHCH
CcoLD
NOXT
NOXM
NoXy
SULT
SULM
SULN
TS8T
TSPM
TSPX
ULTV

~0.158%%
0.025%
=0, 40L%%
«0.057
-0.048

0.068
0.006
0.190
0.047
0. 040

0.015
0.064
0.050

0.019
0.045
0.679

0.001 0.002

0.0047% 0.0023

=-0.0018 0.0032

0.0078% 0.0038

5 3

-0.51 x 1071 0.16 x 10

2.562% 0.108

.

0.163* 0.067

0.12 x 1073 | 0.48 x 2077

0.025
0.087
0.067

0.028
~0.012
-0.005

0.0025% 0.0013

3

0.85 % 107 | 0.20 x 10

0.028%
~0.007
-0.080

0.001

0.008
0.055
0.048
0.060

0.181
-0.268
~0.178

0.155
0.166
0.153

0.0021%} 0.0013

~0.0008 | 0.0035

0.029%
0.031
=0, 124%%

~-0.062

0.008
0.059
0.045
0.060

0.112
~-0.028
-0.217

0.151
0.169
0.156

0.0017 | 0.0012

0.904%%
0.020%
=0.115%%*
~0.055
-0.035

0.054
0.006
0.046
0.035
0.046

0.161
0.078
~0.119

0.155
0.130
0.119

0.0021+% 0.0012

0.897%%

0.021%
0,022
-0.045

0.020

0.057
0.006
0.043
0.037
0.047

0.078
~0.272%
~-0.111

0.121
0.129
0.120

0.0013% 0.0007

~0.0009 0.0011

Constant

2
R

S.E.
F

"wox

TsuL,

rsp

~1.018

0.210

1.563
(14,304) = 5.762
0.470

0.005

0.624

.263
(9.360} = 62.58
0.608

0.514

-0.378
U.078

1.435
(9,3%Q) = 5.899
0.258

0.083

1.438
(9,390) = 5.899

0.301

~0.285
0.464

1.101
(10,389) = 33.630
0.369

0.005
0.439

1.120
(10,389) = 30.490
0.327

#Significant at the 0.05 level of the one-tailed t-tast.

#**gigaificant at the 0.05 level of the two~tailed t-teat.

a
All observations in this table are limited to individuals who bhave a
These are limited to individuals who currently live

. b
The air pollution varisbles for this expression refer to arithmetic mean 1969-71
raferenced 5Q citles ave 30 of the 60 cities used in the aggregate mortalicy

lways lived in one state,
wicthin walking diastance of relatives.

ric mean

except for the observations in (2).

trations in nzl-’. The

study that form a part of this report.



coefficients to appear statistically non-significant when they are
properly viewed as significant.

There are, however, two very inportant exceptions to the supposed
absence of a nulticollinearity problem the types of air pollution tend
to be very highly correlated and different monents of the sane poll utant
also are closely associated. As Table 5.5 shows, total suspended par-
ticulates and sul fur dioxide appear to have a very high linear association
as do all the nonents of a particular air pollutant. If one were to
introduce nitrogen dioxide in Table 5.5 the linear association between
this pollutant and total suspended particulates and/or sulfur dioxide
woul d al so be large, though sonewhat smaller than that between the
latter two pollutants. For exanple, in 1975, the sinple correlation
coefficient between various neasures of total suspended particul ates and
nitrogen dioxide is never less than 0.50 and sometines reaches intro the
0.70 or greater range. Gven these close |inear associations anong the
types of air pollution, we are reluctant to assign a health effect to a
particular pollutant. Instead, it seens preferable to nmake the assignnent
to the outdoor air pollution phenomenon. In addition, when one or nore
air pollutants appear as explanatory variables in an estimted dose-
response expression, the standard errors of each will tend to be sonewhat
inflated. Thus, a few of the air pollution coefficients to which we do
not attach significance sonetines would be significant if one or nore of
the other air pollution variables were renmoved. Simlarly, some of
those air pollution coefficients that are significant woul d be nore
significant with the removal of a conpanion variable from the expression.

The above discussion does not deal with a dilema posed by the issues
of bias and multicollinearity. |If the different types or nmoments of air
pol lution have separable inpacts on health, then one biases the coefficients
of the remaining explanatory variables by deleting one or nore of the air
pol lution variables. Nevertheless, if one includes the highly collinear
air pollution variables, he reduces the apparent statistical significance
of any one of them In this study, we do not directly attack the
dil emma by constructing and then applying rigorous criteria for choice.
W choose an easier and | ess rigorous course by estimating sone expressions,
each from a different sanple, that include all the types of air pollution
while including only one type of air pollution in other expressions.
To a very substantial extent, this course was forced upon us by circum
stances: for some years over the nine-year SRC survey interval, there
was no available information on particular types and nonents of the
air pollution variables.

Table 5.5 exhibits one other intercorrelation that is a cause for
concern, nanely a sinple correlation coefficient of 0.70 between LDSA and
DSAB, i.e., between the duration of a chronic illness and its self-
reported severity. Relative to nost other sanples of the study, this
intercorrelation is a bhit low For nost sanples, it is closer to or in
excess of 0.80. Certainly, the length of a disease and its severity are not
identical. In fact, one mght expect those who are severely disabled to
have relatively short disease durations: they are nore likely to die
W may thus have increased the intercorrelation between these two variabl es
by not making DSAB be nonotonical ly increasing. The high intercorrelation
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arouses suspicions about whether the two variables mght be measuring the
same thing, a clearly ridiculous state, if one is trying to explain the
covariation between the two variables. Furthermore, if air pollution is
expected to I engthen the duration of an illness, there is obvious reason

to think that it will also make an illness more severe. More accurately
perhaps, air pollution causes illness and increases the severity of
preexisting illness, thus in a recursive fashion |engthening, for those who
survive, illness duration. This inplies that the estinmated expressions

whi ch include DSAB as an explanatory variable are actually reduced form
expressions, where DSAB is determined within the structural system

As a result, the single equation estimates with DSAB as an expl anatory
variable are not asynptotically efficient although they are consistent
since DSAB is the only explanatory variable that woul d be determned wthin
the structure of a recursive system |If instead of DSAB being a determn-
ant of LDSA, it is actually another measure of the same thing in respondents
views, then DSAB nust be dropped fromthe estimted expression. For the
expressions estimated from sonme sanples we include DSAB; for other

sanples, we delete it, using whichever of the preceding rationales

conforms to the estimated expression. As we will see, inclusion or
exclusion doesn't really make much difference to the signs and magnitudes
of the coefficients for the major variables of interest, the air pollution
variables.ll.

In estimting dose-response expressions for chronic illness, we have
used LDSA rather than (or in addition to) DSAB because only the forner
is stated in cardinal terms. LDSA, however, retains one disadvantage of
DSAB; as presented on the SRC tapes, it takes on only five val ues.
Al though the first four of these values apply to approximte two-year
intervals, the last value nmight better be termed "a long time," since it
is meant to apply to disabilities lasting eight or nore years. |f one
interprets, as we shall do in this chapter, this last value to be
equal to exactly ten years, then the dependent variable for chronic
i1l ness has a neasurenent error that biases it downward, causing the
effects of the explanatory variables to be underestimated. This could be
a serious source of error since about 40 percent of those who are
di sabled in any given SRC survey year, or seven to eight percent of the
total SRC respondent popul ation, profess to have been disabled for eight
or nore years. Gven this problem which we disregard until a succeeding
section, it is perhaps preferable to interpret the coefficients attached
to the explanatory variables in the estimated chronic illness dose-
response expressions as the proportion of one of the discrete val ues
conprising LDSA associated with a one unit change in the relevant
expl anatory variabl e.

Yet another estimation issue is caused by the five discrete val ues
assuned by LDSA, This small nunber of discrete values means that
het er oskedasticity coul d be present in those expressions estimted by
ordinary-| east-squares techniques. ldeally, multinomal logit estimtion

woul d be enployed; but because the nunber of paraneters with nultinoma
logit estimation increases so dranatically when the dependent variable

assumes nmore than two values, there is an explicit tradeoff between the
m sspeci fication possibly introduced by the use of ordinary-I|east-squares
and the vastly increased cost and conplexity of nmultinomal logit estima-
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tion. W have opted here for sinplicity and |esser cost while not dis-

m ssing the heteroskedadicity issue: we estimate the chronic illness
dose-response functions by ordinary-|east-squares hut peruse the estina-
ted results. by sinple graphic techniques to check for the presence of

het er oskedasticity. Even if this undesirable property is present,

it does not follow that our estimates will be biased and inconsistent.
They will not be efficient (they will not have the smallest variance in a
class of unbiased estimators), but they will be unbiased and consistent.
The problem with heteroskedasdicity is thus not with the estimted co-
efficients thensel ves but rather with the cal cul ated standard errors.
These standard errors are biased, thus invalidating the tests of signific-
ance for the estimated coefficients

There are a nunber of results for acute illness in Tables 5.6a and
5.6b worthy of explicit note

1 O the seven different unpartitioned sanples used to estimate
acute 111 ness dose-response expressions, statistically significant air
pol lution coefficients occur in all of them Thus, an additional unit of
air pollution, as defined by any of the variety of measures enpl oyed here,
was associated with an increase of fromone to four hours in average annua
hours of acute illness. Except for 1973, magnitudes of the air pollution
coefficients are quite stable fromone sanple to another, even though
the specifications for the expressions often differ substantially. No
tests have been performed to establish whether there are statistically
significant differences in the air pollution coefficients across sanples.

2) For the unpartitioned sanples, the elasticity, n, of acute
il1lness with respect to any of the air pollution variables (a unitless
measure of the response of acute illness to variations in air pollution)
Is substantially less than unity. This inplies that in the inmmediate
nei ghbor hoods of the sanmple values of these variables, average annua
hours of acute illness is increasing at a decreasing rate with respect to
increases in air pollution.

3 Two of the four partitioned sanples in Table 5.6b do not have
statistically significant air pollution coefficients. |f air pollution
has any inpact upon the frequency of acute illnesses anmong individuals
who are chronically disabled and who live in fanmlies where a pack
or nore of cigarettes is snoked, the estimataion techniques and sanple
sizes enployed here are incapable of capturing it.

4) Wien nmeasures of total suspended particul ates and sul fur
dioxi de are included as explanatory variables in the sane expression, the
coefficient for themusually assumes a negative sign. Generally, tota
suspended particulates will take on the negative sign. Simlarly, when
sul fur dioxide and nitrogen dioxide are included as expl anatory
variables in the sane expression, nitrogen dioxide often assunes a
negative sign. For estimated expressions in which total suspended
particul ates and/or nitrogen dioxide are used as explanatory vari abl es,
but which do not include sul fur dioxide, both of the former sir
pol lutants have positive signs. These sign swtches could be due
to the high linear associations among the pollution variables.
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5) Wth some exceptions, an increase of one discrete value in
either of the neasures of chronic illness tends to increase the
average annual hours of acute illness by from20 to 40 hours.

6) Wth the sole exception of the variables for a poor child-
hood and race, the variables representing biological and social endow
ments fail to play a statistically significant and consistent role in the
acute illness dose-response expressions. It is possible, of course
and perhaps even likely, that the race and childhood background variabl es
are capturing many of the effects of |ow education, etc.

7) The life-style variables in the acute illness dose-response
expressions consistently have the expected signs and are often statistically
significant. This is particularly true for the exercise and nutritiona
adequacy variables: they reduce average annual hours of acute illness.

8% Contrary to expectations, the explanatory variable for
availability of nedical care, INSR usually has a positive sign, inplying
that people with better access to nedical care have nore acute illness.
We have no explanation for this other than a pure specul ation that
people with better access to nedical care are nore likely to

recogni ze the synptoms of acute illness, perhaps because physicicians
provide themwith the information to recognize these synptons. On

the other hand, INSR m ght sinply be a poor neasure of the respondents'
access to medical care.

9) Qher than air pollution, only two alternative neasures
of the respondents' environnents were enpl oyed as explanatory variabl es.
These variables were used in only a limted nunber of sanples. DENS,
t he nunmber of persons per roomin the respondents' residence, increas-
ed average annual hours of illness by nmore than three in the single sanple
where it was statistically significant. The variable for enployment
in the chemcals and netals nmanufacturing sectors had too small a
number of individuals in each sanple to yield statistically
meani ngful results.

10) Vi sual inspection of the residuals for expression (1A) of

Tabl e 5.6a and expression (1) of Table 5.6b did not reveal any
serious heteroskedasticity problens.
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W tentatively conclude fromthe preceding findings that the life-style
and environmental variables, including air pollution, we have used probably
play a significant role in acute illness. The evidence for the biologica
and soci al background and the access to nedical care variables is substan-
tially less clear both because of measurement problens and because racia
differences in educational and childhood environnent may be reflected in
sinple binary variables for race and a poor childhood. Finally, it should
be noted that none of our expressions "explains" a very large portion of the
variation in acute illness. The coefficients of determ nation never exceed
0.31 and are often about 0.10. Mreover, the constant termin each expres-
sion nearly always exceeds the sum of the coefficients of the explanatory
variables. This is, of course, partly due to the scaling of the variables,
but, given the nunber of binary variables (MARR POOR, RACE SEXH, RELG
INSR), one mght reasonably have not expected quite such a difference. The
relatively uninportant role that many of the nost statistically significant
variables play in total variation in annual hours of acute illness is evident
inthe following partial coefficients of determnation for variables ap-
pearing in various expressions of Table 5.6a: for expression (7), NOXM =
0.004, SEXH = 0.044, and and LDSA = 0.004; for expression (1B), SULM = 0.021
FOOD = 0.002, RACE = 0.043, NG = 0.029, and DSAB = 0.136; and for expres-
sion (5), TSPM = 0.013, POOR = 0.024, DSAB = 0.124. Wth no nore than one or
two exceptions, the two variables for chronic illness, LDSA and DSAB, made
the largest contributions to explaining variations in annual hours of acute
i Il ness.

Tables 5.7a and 5.7b give the estinmated dose-response expressions for
chronic illness. The following features stand out in these expressions

1. O the twelve different partitioned and unpartitioned sanples
present in Tables 5.7a and 5.7b, air pollution coefficients are statistically
significant in nine of them Not all air pollution coefficients are statis-
tically significant in the sanples where nore than a single air pollution
variabl e appears, nor are the signs always positive for those air pollution
coefficients that are statistically nonsignificant. No pattern simlar to
the negative signs that are attached to sulfur dioxide or other pollutants
when sul fur dioxide is used as an explanatory variable in the acute illness
dose-response expressions appears here, however. O the sanples having no
air pollution coefficients statistically significant at the 0.05 level or
better of the one-tailed t-test [expressions (1), (5), and (7) in Table
5.7a], all had air pollution coefficients with positive signs and t-val ues
in excess of 1.0. Two of these sanples [expressions (1) and (7)] had air
pol lution coefficients statistically significant at the 0.10 level of the
one-tailed t-test. The magnitude (and signs) of the air pollution coef-
ficients for expressions (1), (5), and (7) were sinmlar to the nagnitudes
and signs of the air pollution coefficients for the other sanples. They
ranged between slightly less than 0.0020 and slightly nore than 0.0045,
with the bul k being between 0.0020 and 0.0030. This means that a change
between 0.2 and 0.4 or 0.5 percent in one of the discrete values conprising
LDSA is caused by a one-unit change in air pollution. In elasticity terns,
these discrete values (index) of LDSA appear to be relatively unresponsive
to changes in air pollution. Nearly all the elasticities of the discrete
chronic illness index with respect to air pollution are inthe 0.2 to 0.5

114



range, inplying that a one percent change in air pollution generally causes
a change in the index of substantially less than one-half of one percent.

As was true for the acute illness dose-response expressions, this neans that,
in the inmedi ate nei ghborhoods of the chronic illness index values and the
air pollution values present in these sanples, chronic illness duration in-
creases at a decreasing rate with respect to increasing air pollution.

2. As earlier noted, translating the coefficients for the explanatory
variables in the chronic illness dose-response expressions is invalid
because the highest value in the index could, in real-tinme terns, be any-
thing equal to or in excess of eight years. Nevertheless, if one assunes
that the real-time involved in this last index value is equivalent to that
in all the lower values, than the translation can be perforned. Wth this
assunption, the air pollution coefficients inply that an additional unit
of air pollution is, on average, associated with an increase of from one
and one-half to three and one-half days in the duration of chronic illness.
As Dbefore, even with the aforenentioned assunption, this rate is applicable
only in the inmediate nei ghborhoods of the chronic illness index values and
the air pollution values present in the sanples.

3. In those unpartitioned expressions where it is enployed as an
explanatory variable, the severity of the respondent's disabilities has
a highly significant, positive, and strong effect on the duration of these
disabilities. The partial coefficient of determnation of DSAB with respect
to LDSA was consistently about 0.40. The inclusion of DSAB in expressions
did not appear to have an effect on either the magnitudes or the signifi-
cances of the air pollution coefficients. Similarly, its presence or absence
did not seemto make nuch difference to coefficients for the other explan-
atory variabl es.

4. Results for the biological and social endowrent variables are
mxed. Only respondent age is consistently significant with the expected
sign. Cenerally, as expected, the |level of the respondent's education is
associated with lesser durations of chronic illness, but it is only occasion-
ally significant. Poor parents tend to be consistently associated with
increased chronic illness durations, but POOR is statistically significant
in only one sanple. Oherw se, variables such as CITY, FEDU NMARR RACE
and SEXH contributed very little to the expressions. Rarely were they
significant statistically. Mre inmportantly, their magnitudes and their
signs proved to be exprenely sensitive to whatever specification was
adopt ed.

5. Because it is not clear that the magnitudes of |ifestyle variables
are independent of the duration of chronic illness, fewer of themwere used,
and those that were used were used less frequently, than in the acute
i1 ness dose-response expressions. EXER is an obvious case and it has not

entered the chronic illness expressions. In fact, except for RELG food
adequacy is the only explanatory variable that enters the expressions
estimated for more than one sanple. It always has the expected sign but is

never quite statistically significant at the 0.05 level selected for this

study. On the rare occasions when they appear, both cigarette consunption
and fundanentalist religious affiliations have the expected signs. RELGin
expressions (7A) and (7B) just barely msses being crowned with statistica
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respectability. Since religious affiliations seemlikely to remain un-
changed whether or not one is disabled, this variable probably should
have been included for the expressions estinmated from each sanple.

6. The variable representing the availability of medical care,
INSR, performed well for those four sanples where it was used. |[ts sign
was consistent with an interpretation that nedical care availability
reduces the duration of chronic illness. Unfortunately, its sign is also
consistent with another interpretation: those who are chronically ill have

difficulty procuring medical insurance. This latter interpretation means
that INSR could be a function of LDSA. Gven these conflicting interpre-

tations, and having no information on which interpretation is likely to

dom nate, we have conpromi sed and included INSR in sone expressions while
neglecting it in others. Its inclusion or exclusion does not appear to have
any discernable effects on the coefficients for the air pollution variables.

7. O the environnental variables, only CHEM seens worthy of comment.
In the one expression where they appear, neither COLD nor ULTV were statis-
tically signficant although COLD did have a positive sign. The statistica
significance of CHEMin expression (3) of Table 5.7a should be disregarded.
Expression (3) was estimated froma sanple having only three people enployed
in the chenmicals and netals manufacturing sector. None of these three
peopl e had a chronic disability.

8. Wth the exception of DSAB, none of the included explanatory vari-
abl es explain substantial proportions of the variation in the index for dur-
ation of chronic illness. The air pollution variables, taken together,
explain no nore than two percent of the variation in LDSA; AGEH sonetimes
expl ains as nuch as five percent and EDUC usual |y explains around three per-
cent of this variation. As with the acute illness dose-response functions,
we have not been able to account for very nuch of the sources of variation
in chronic illness.

9. Table 5.7b exhibits the estimated expressions for sanples that were
restricted to the values of the variables indicated at the top of each col -
um. Contrary to sinmilar restrictions placed on the sanples for the acute
il ness expressions, these restrictions did not alter the explanatory vari-
able coefficients in any noticeabl e fashion.

10. The patterns of the residuals for several of the expressions in
Tabl e 5.7a have been visually inspected for evidence of heteroskedasticity.
Wien this Problemis present, it appears that the residuals tend to increase
with increasing values of the dependent variable. Because the highest dis-
crete value of LDSA has no upper bound, it is likely that the true variance
of the sanple tends to increase with increasing values of LDSA. As Knenta
(1971, p. 256) shows for expressions with a single explanatory variable, if
the residuals and the sanple variance are positively associated, the stand-
ard errors of the coefficients for the explanatory variable will be biased
downwar d, causing the t-value to be too great. This need not be true, how
ever, for expressions with multiple explanatory variables. The extent to
which this has resulted in exaggeration or underestimtes of the |evels of
significance for the chronic illness dose-response expressions is presently
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Lagged Effects of Tota

Table 5.8

Suspended Particul ates upon Duration

of Chronic Illnesses (LDSA) of Respondents Wo,

as of 1975, Had Al ways Lived
in the Sane State

(1) (2)
Unwei ght ed i ght ed
B S B8 S

AGEH 0.012* 0.004 0.017* 0. 005
EDUC -0. 009 0. 040 -0.103% 0. 050
MARR -0.331* 0. 160 -0.237 0.232
POOR 0. 150* 0.110 0.327* 0.153
SEXH -0.012 0.023 0. 046 0.235
FOOD -0. 035*% 0.021 -0.076 0.074
RELG -0. 003 0.030 -0.501* 0. 286
CHEM 0. 249 -4 0. 247 -0. 147 0.332
TSPV 0.4 x 10 0.061 0.002 0.003
TSPMV4 0.001 0.033 0.001 0. 005
TSPVB 0.001 0.003 -0.001 0. 004
TSPMVR 0.003 0.016 -0.003 0. 004
TSPML 0. 008* 0.004 -0.003 0. 005
TSPMD 0. 007 0.011 0. 004 0. 005
TSPV 0. 006 0. 006 0.002 0. 005
Const ant 0. 444 -0.690
R’ 0. 184 0. 129
S.E 1.032 0. 969
F (12,347) = 6.481 (15,210) = 4.082

*Statistically significant at the 0.05 |eve
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unknown.  The het eroskedasticity appears to be by far the nmost prom nent
for those estimted expressions having coefficients of determnation |ess
than 0. 10.

It is widely thought that pollution-induced chronic illness is usually
the result of cunulative, rather than instantaneous, exposures. Previously
we have taken the position that, if only non-novers are represented in the
sanple, air pollution exposures during the year for which the respondent
reports his behavior and status serve as adequate proxies for differences
anmong respondents in cunul ative exposures. |f this position is at al
tenuous, we have available the data to renedy it at least partially; that
is, we have available information on respondent residential |ocations and
air pollution exposures for a nunber of years. Table 8 presents some pre-
limnpary results involving an attenpt to estinmate the |agged effects of
total suspended particul ates upon the duration of chronic illness for 1975
respondents who have always lived in the same state. Since it is unclear
exactly what a | agged effect of pollution upon the duration of an illness
means, we exploit the high intercorrelation between LDSA and DSAB and inter-
pret the expressions in terms of the |agged effects of air pollution upon
the severity of chronic illness. As in earlier tables, the integers attached
to the acronym for nean total suspended particulates refer to the year. Thus
for exanple, TSPMO refers to particulate concentrations in 1970.

The expressions presented in Table 8 have involved no tinkering: these
are the first expressions having LDSA as a dependent variable that have
used either of these sanples. Expression (1) is an unweighted lag in which
earlier air pollution concentrations are sinply entered as additional explan-
atory variables. In spite of the very high sinple correlation coefficients
(2 0.80) among the air pollution values of the various years, at |east one
year (1971) is statistically significant. Mreover, the nagnitude of the
coefficient increases from 1975 to 1971, and then starts to decline. W
have no explanation for this rather neat pattern and tend to suspect that
its very neatness in an ananoly that would fail to energe in expressions
estimated from other sanples. These other sanples have not yet been ex-
pl oi t ed.

The air pollution series in expression (2) has nore structure inposed
onit. In particular, the series is assumed to follow a geonetric |ag
distribution where the coefficients decline in fixed proportions, causing
the inpact of nore distant air pollution concentrations to becone pro-
gressively smaller. Cearly, expression (2) does not accord any inportance
to total suspended particulates. However, this does not mean that al
wei ghted lag structures will give simlar results. Estimation techniques
are available that allow one to fit polynomal structures of any degree.
These techniques have not been applied here.

In concluding these remarks about dose-response functions, we nust
make explicit a feature of the SRC data set that could readily cause the
morbidity effects of air pollution and other negative health influences
to be biased downward. This possible bias is due to the retrospective
feature of the SRC data: living individuals are questioned about their
behavior and status during the preceding year. The problem arises because
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sone potential respondents who were alive during the preceding year are
dead by the tine the interview occurs. Presunedly, those who died woul d

tend to be those who were nost seriously ill. If air pollution and other
negative health influences contribute to this seriousness, or if those
who are nost seriously ill are nost sensitive to air pollution, then the

health inpact of air pollution will be understated. Thus, the dose-response
functions presented here are relevant only for those individuals who nan-
aged to survive over the tinme interval which the interviews described and the
cal endar date at which the interviews occurred. This qualification applies
to all sections of this report where the SRC data is exploited. It is not

a mnor qualification since approximtely five percent of the respondents
died between interview years.

5.4 Recursive Estimates of the Effect of Air Pollution Upon Health, Labor
Earnings, and Hours of Wrk

In the past decade, a nunber of enpirical studies have appeared that
describe the effect of health status upon |abor productivity, %Bfre pr o-

ductivity effects are neasured in lost earnings and work-times4 At the
same time, nunerous epideniological studies thﬁg/attenpt to associate health
status with air pollution have been published.22 Thus far, no one has tried

to conbine the two study objectives in order to grasp the effect of air pol-
| ution upon either of the aforenentioned neasures of |abor productivity.

This section is a first attenpt to do so. Labor productivity effects have
never been explicitly included in quantifications of the benefits of nationa
air pollution control efforts. Qur results suggest that these productivity
effects could constitute a significant portion of these benefits and are
certainly worthy of further study.

In spite of a nunmber of limitations which will later be exposed, the
section has at |east three unusual, if not utterly novel, features. First
although it treats health status as an exogenous rather than endogenous
variable, a structural equation for health status is specified. This
contrasts with nearly all epdem ol ogi cal studies, where the analysis is
confined to reduced-form health status, naking any direct assignnent of
health effects to air pollution an extrenely tenuous operation. Second, the
health paraneters in this section are estimated in the context of structura
expressions for hourly earnings and annual hours of work. Finally, possible
differences in effects of air pollution upon crude nmeasures of acute and
chronic generalized health status are recognized. The null hypothesis is
that air pollution, by enhancing initial susceptibility and by making re-
covery nore difficult, causes acute and/or chronic health problems. This
of course, was the thene of the previous section. In this section, we
wish to ascertain the inpact, if any, of these air pollution-induced health
adversities upon earnings rates and hours worked. Thus through the inter-
mediary of any health problems it induces, air pollution can be said to
i ndl uence |abor productivity.

Even though health is treated as being exogenously determ ned, the G oss-
man (1972) nodel of health productign, can serve as the analytical foundation
of the expressions to be estimted. 4. This nodel views the individual as
the producer, via his selections of mxes of market-purchased goods and his
own tine, of health status. Wthin the context of this approach, earnings
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Table 5.9

Simple Correlation Coefficients Between Labor Supply and
" Certain Other Variables for a 1970 Sample

WORK
BDALO
LIWK

UION

DSAB
LDSA
AGEH
CITY
EDUC
_FEDU
™SZ

POOR

SEXH

EXER

RISK

INSR

SULT

TSPT

TSPX
TSPN

YAGE
0.085
0.235
~0.038
-0.039
0.465
-0.421
-0.042
-0.134
-0.141
0.017
0.094

0.165

0.044

© ~0.038

-0.114
~0.014
0.072
¢.072
-0.007
0.139
0.088
~0.012
-0.037
-~0.038
-0.036
0.002
0.046
0.058

WORX
1.000

~0.629
0.012
0.468
-0.441
-0.174
0.016
0.323
0.131
-0.046
~0.116
0.008
0.448
0.161
-0.078
0.235
0.505
-0.033
~0.174
-0.137
~0.109
0.081
-0.005

0.009

BDALO LTWk

0.287

0.123

1.000

0.970
0.108
0.656
~0:1167
-0.170
-0.156
-0.143
0.197
0.018
0.493
0.244
-0.424
-0.126
0.139
0.360
0.193

. -0.058

0.538
0.439
-0.082
-0.163
-0.113
~0.077
0.087
0.086
0.122
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ICTR
~-0.629

-0.167

0.155

-0.131 -

-0.268
1.000
-0.102
0.325
0.303
0.156
~0.057
-0.172
-0.132
0.165
0.094
-0.199
-0.284
-0.150
-0.239
~0.138
-0.413
0.040
" 0.085
0.083
0.048
0.066
0.044
0.046

UION
0.101

RINC
0.479
0.656
0.054
0.070
1.000

~0.258

-0.079

-0.227

~0.190
0.107
0.092
0.465
0.148
0.094

-0.058
0.018
0.480
0.217

-0.061
0.427
0.440

-0.022

-0.183

-0.134

-0.127
0.075
0.130
0.170



rates depend on various forns of investnent in human "capital” (e.g., edu-
cation, prior lifestyles, and medical inputs) and |abor market conditions
and the tine supplied to the | abor market depends on the individual's hourly
earnings and the quantities of goods and time desired for househol d pro-
duction and consunption. Health states depend on the prior resources the

i ndi vidual has devoted to their production

Except for certain of the environmental variables, the data used? to
estimate the nodel consist of four distinct sanples drawn fromthe 1969,
1970 and 1971 SRC interview data. Several variables, defined in Table 5.1,
are used in this section that were not used in the preceding section. For
one of the sanples, Table 5.9 provides the sinple correlation coefficients
bet ween these additional variables and sone of the other previously used
variables. Representative means and standard deviations for the additiona
variables are available in Table 5. 2.

Table 5.9 gives little attention to LTWK and U ON because our major
interest in themis their association with WORK, WAGE, and RINC. Absenteei sm
was checked in this sanple but apparently none of the respondents woul d
admt to being absent fromwork for reasons other than sickness. As was
noted in Table 5.4, where 81.1 percent of the respondents had annual asset
incomes of no nore than $500, nmost of the respondents' annual incones not
earned during the current year appear to be governmental transfer paynents.
This accounts for the negative and high correlations between I CTR and R NC
and WAGE. Note also in Table 5.9 that the sinple correlations between the
two chronic illness neasures, DSAB and LDSA, and WORK and RINC are quite
hi gh.

The househol d head' s annual nunber of work hours, WORK, and his hourly
earnings, WAGE, are used as the enpirical representations of the endogenous
variables in the nodel. Remenber fromthe definitions of Table 5.1 that
WAGE is an approxi mation of the marginal, rather than the average, wage
rate. Annual nunber of work hours is used as the sole neasure of |abor
supply because the sanple contains no information on the seasonal distri-
bution of hours when working. Neither vacation tine nor sick time is in-
cluded in annual hours worked, even if the individual was paid during these
times

The systemto be estimated for each sanple consists of four expressions:
a chronic illness expression;, an acute illness expression; a wage expression
and a labor supply expression. A representation, in inplicit form of this
structural systemis as follows:

1. LDSA = f(Biological and social endowrents, Lifestyles, Medica

care, Environnmental). (5.1)
2. ACUT = g(LDSA, Biological and social endownents, Lifestyles,

Medi cal care, Environnental). (5.2)
3. WAGE = h(LDSA, ACUT, Cost-of Living, Experience, Biological and

social endowrents). (5.3)
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4. WORK = k(WAGE, LDSA, ACUT, Transfer income, Walth). (5.4)
As structured, this system is obviously recursive

A great deal of research is available [e.g., Lazear (1976)] show ng
that earnings are positively related to formal and informal schooling.
Good health is here viewed as having effects on earnings anal ogous to the
effects of increased schooling; that is, good health increases the individ-
ual 's marginal value productivity and therefore raises his marginal earnings.
In addition, previous good health may have had an indirect effect on earn-
ings by easing the task of achieving schooling success and thereby ultimtely
inproving the individual's productivity and associated earnings. The EDUC
and LOCC variables in (5.3) are intended to capture the effects of training
upon earnings. They nay also reflect, in part, the influence of past health
status. The health status variables, ACUT, DSAB, and LDSA, in (5.3) regis-
ter the effect of current health status, via the effect on productivity,
upon earnings. Since chronic illnesses reflect long duration, as opposed
to tenporary, reductions in productivity, we expect wages to exhibit greater
responsi veness to the chronic illness variables than to the acute illness
vari abl e.

In addition to the aforenentioned variables, the nmarginal earnings
expression includes variables representing the 1970 cost-of living in the
county of residence as well as variables representing the individual's race
and sex. If, as is frequently asserted, being non-white or female negatively
influences marginal earnings, either labor market discrimnation or |ess
mar ket productivity in the current period could account for the i nfluence. 15/
The structural systemwe enploy is Incapable of distinguishing between the
two possible influences.

Cost-of-living, BDAL, in the county of residence is accounted for in
(5.3) because it is real marginal earnings, rather than noney earnings
that limt the extent to which the individual is able to satisfy his
cravings and yearnings.

As M ncer (1970) and others have shown, earnings expressions simlar
to (5.3) should be sem-logarithnmic, where the dependent variable is the
| ogarithm of the earnings term In this paper, we presune the earnings
expression to be linear in the original variables. This presunption was
adopted in order to obtain a sanple of individuals possessing reasonable
variability in the values of the health variables, earnings, and hours
worked. If, in order to avoid having to assign positive earnings to indi-
vidual s who really had zero earnings, only individuals who actually had
positive earnings were included in the sanple, the variability of the
chronic disability neasures woul d have been substantially reduced, thus
requiring that inferences about the influence of air pollution on health,
earnings, and hours worked be drawn fromthe relatively few remaining indi-
vidual s whose health status and work patterns differed substantially from
the nmean. Moreover, dropping individuals with zero earnings fromthe
sanpl e woul d have neant that those individuals with |ong-standing and/ or
severe chronic health problens would be excl uded.
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Expression (5.4) the annual hours worked or |abor supply expression,
Is consistent with the treatnents of health capital in Gossman (1972).
I nprovenents in health states increase the total tine available for work
and for consunption. Wth real earnings and consunption opportunities
hel d constant, the consuner would be inefficient, assumng he was initially
in equilibrium if he allocated all this additional tine solely to consunp-
tion. This is because the ratio of consunption time to work would rise,
causing the nmarginal value of consunption tine to becone |less than the
margi nal earnings that could be obtained. To recover equilibriumthe indi-
vidual would have to devote the additional tinme to both work and consunp-
tion. We therefore expect the amount of work time to increase wth inprove-
ments in health status.

In addition, since health status is assumed to be exogenous, an
i nprovenment in health would increase the wage rate as well as the pecuniary
equi val ent of time spent in consunption. In terms of the household produc-
tion approach to consuner theory, "full incone" would be increased. The
heal th inprovenent therefore would constitute a pure incone effect, causing
the individual to increase the value he attaches to any unit of consunption
time. This increase in the value of consunption tinme would cause the indiv-
idual to increase his demand for those marketed goods permitting himto use
this nmore highly valued consunption time with greater effectiveness. The
pur chase of these marketed goods requires that he obtain nore incone, and
therefore that he increase his work tine.

An increase in income not earned in the current period, ICTR would
also result in a pure incone effect. However, because the additional incone
Is not a consequence of inprovenents in work productivity, the value of work
tine relative to consunption time decreases, assumng the wage rate and
health status to be invariant. The result is that with an increase in
income not earned in the current period, the individual nust reduce work
time in order to restore equilibrium

The preceding remarks indicate why the sign of the marginal hourly
earnings variable, WAGE, in (5.4) is anbiguous. An increase in margina
hourly earnings would increase the value of work tine relative to the
val ue of consunption time, causing the fornmer type of time to be substi-
tuted for the latter. However, the increase in marginal hourly earnings has
sinul taneously increased the individual's "full income," causing the value
he attaches to any given unit of consunption time to increase. Wether the
increase in the value of consunption time exceeds the increase in the val ue
of work time is an enpirical question.

Since the imediately preceding remarks refer only to real margina
hourly earnings, (5.4) includes BDALO, the cost-of living index, in order
to control differences in real earnings among counties of residence.

The four-equation system in which acute and chronic illnesses are
exogenously determned, represents a strictly recursive system First,
health status is determ ned independently of hourly earnings and hours
wor ked, and then health status is used to determne hourly earnings and
hours worked. Simlarly, hourly earnings are determned independently of
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Table 5.10a

b4

Empirical Results for a 1971 Samplea
Recursive Labor Supply

1. LDSA = -1.018 + 0.06(NCIG) - 0.17(DSAB)* + 0.05(RELG) - 0.40(CITY)*

(0.04) (0.07) (0.68) (0.19)
- 0.05(FEDU) + 0.06(EDUC) + 0.15(F0O0OD) + 0.025(AGEH)#*
(0.04) (0.05) (0.19) (0.006)
+ 0.001(cOLD) + 0.001(ULTV) - 0.002(SULM) + 0.005(NOXM)*
(0.002) (0.002) (0.003) (0.002)
+ 0.008 (TSPM)*
(0.004)
2

R = 0.21; F(13, 305) = 5.76; S.E. = 1.56

2. ACUT = 35.397 + 0.25(NCIG) - 0.38(DSAB) - 4.98(LDSA) - 47.39(EXER)

(6.20) (9.40) (7.59) (35.76)
+ 5.14(EDUC) - 0.36(AGEH) + 0.06(COLD) - 0.01(ULTV) - 0.38(SULM)
(4.85) (0.87) (0.27) (0.02) (0.44)
+ 0.06(NOXM) + 0.49(TSPM)
(0.31) (0.52)
2

R" = 0.15; F(11, 307) = 0.43; S.E. = 215.15

3. WAGE = -5.619 + 0.08(BDALO) + 0.02(ACUT) - 156.70(SEXH)* + 33.46(LOCC)*
(0.06) (0.10) (44.41) (10.81)

- 3.00(DSAB) - 41.73(LDSA)* + 20.31(EDUC)* + 50.80(RACE)
(14.35) (15.72) (10.20) (32.08)

2
R™ = 0.20; F(8, 310) = 9.72; S.E. = 367.66

4, WORK = 2011.671 - 0.12(BDALO) - 0.01(ACUT) - 0.05(ICTR)#* + 123.40(SVGS)*

(0.15) (0.23) (0.01) (26.35)
- 10.55(DSAB) - 212.00(LDSA)* + 0.50(WAGE)*
(34.26) (36.52) (0.13)
- 2

R” = 0.35; F(7, 311) = 23.68; S.E. = 865.51

(continued)

124



Table 5.10a
(continued)

a :
Standard errors are in parentheses.

bThe sanmpl e includes only respondents who resided in 50 large U.S. cities.

*Significant at the 0.05 level of the one-tailed t-test.
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Empirical Results for a 1970 Samplea
Recursive Labor Supply

1. LDSA = 2.980 + 0.554(DSAB)Y** + 0.005(AGEH) + 0.013(EDUC) - 0.044 (FEDU)
(0.035) 0.004 0.029 . 0.037
- 0.069(POOR) + 0.072(RACE) + 0.139(SEXH) — 0.902(FOOD) - 0.454(INSR)*
0.103 (0.488) (0.114) (0.975) (0.129)
- 1.645(CHEM)* + 0.0028(TSPM)*
(0.575) (0.0011)
RZ = 0.525; F(11,388) = 38.920; S.E. = 0.964
2. ACUT = 165.208 + 39.52(LDSA)* - 1.421(AGEH) - 16. 92(szxu) - 0.086(cIcE)®
(13.34) (1.312) (39.16 (0.118)
~ 78.40(EXER)* - 0.105(FOOD)* ~ 38.84(RISK) + 187.0(INSR)** -+ 0.623(TSPM)*
(40.11) (0.033) (13.26) (47.47) (0.317)
&% = 0.195; F(10,389) = 6.139; S.E. = 204.462
3. WAGE = ~132.318 - 25.930(LDSA)* + 24.070(EDUC)* + 15.370(DSAB)
(14.440) (8.5780) (18. 260)
+ 26.880(FMSZ)* + 42.380(BDALO)* + 52.950(LOCC)* - 7.163(LTWK)
(6.079) (6.138) (22.130) (33.88)

+ 66.090(UION)* + 47.60(RACE)
(3

4.580) (34.22)

,

N

= 0.408; F(11, 388) = 24.28; S.E. = 258.908

sa= Ao -~

4. WORK = 1266.680 ~ 163.900(LDSA)* + 0.354(WAGE)* + 44.260(FMSZ)*
0

(27.220) (0.130)
+ 519.800(SEXH)* - 0.272(ICTR)* + 23.060(BDALO) - 0.074(ACUT)*
(80.27) (0.022) (15.200) (0.031)
9

= 0.551; F(6, 393) = 80.41; S.E. = 663.196

a_ - - . o ]
Standard €rrors are 1n parentneses

b,
Annual family expenditures o

=]

cigarettes in dollars
nificant at the 0.05 level of the one-tailed t-test.

*%Significant at the 0.05 level of the two-tailed t-test.
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Table 5.10c¢

a
Empirical Results for a 1971 Sample
Recursive Labor Supply

1. LDSA = 0.265 + 0.808(DSAB)** + 0.007(AGEH)* - 0.057(EDUC)* - 0.044(FEDU)
(0.049) (0.004) (0.030) (0.035)

+ 0.086(POOR) - 0.057(RACE) + 0.233(SEXH)** ~ 0.138x10 _(FOOD)*
(0.096) (0.119) (0.109) (0.81 x 10 )

- 0.496(INSR)* - 0.002(CHEM) + 0.0019(TSPM)
(0.125) (0.916) (0.0017)

2% = 9.530; F(11,388) = 39.800; S.E. = 9.90&

2. ACUT = 99.839 + 0.985(AGEH) + 55.55(INSR)* - 67.50(EXER)* - 0.052(F0O0D)*
(1.038) (27.69) (33.34)

- 10.59(RISK) + 21.784(LDSA) + 1.177(TSPM)*
(11.29) (12.637) (0.676)

9 .
R = 0.091; F(10, 389) = 4.095; S.E. = 236.224

3. Acute illness, ACUT, is assumed not to effect marginal hourly earnings.
Marginal hourly earnings expressions that include ACUT as an explanatory
variable have been estimated from three different samples. In each
case, ACUT has proven to be statistically nonsignificant. See, for
example, expression (3) of Table 5.10a.

4. WORK = 682.263 — 0.078(ACUT)* - 50.119(LDSA) - 154.20(DSAB)*
0.032 (34.073) (46.490)

+ 30.460(FMSZ)* + 515.000(SEXH)* - 0.2771(ICTIR)* + 8.969(BDALO)
(14.02) 76.190 (0.022) 7.148

R2 = 0.562; F(7, 392) = 72.34; S.E. = 654.473

a .
Standard errors are in parentheses.

*#Significant at the 0.05 level of the one-tailed t-test.

*%Significant at the 0.05 level of the two~tailed t-test.
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Table 5.10d

Empirical Results for a 1969 Sam.plea
Recursive Labor Supply

LDSA = -0.223 + 0.041(NCIG)* - 0.090(INSR) + 1.964(DSAB)*
(0.019) (0.104) (0.109)

+ 0.1212(POOR) - 0.098(EDUC) + 0.10 x 10_,(FOOD) + 0.003(AGER)
(0.078) (0.199) (0.52 x 10 °) (0.003)

+ 0.0013(TSPM) + 0.0018(SULM)
(0.0011) (0.0021)

2
R” = 0.478; F(9,390) = 39.69; S.E. = 0.736

ACUT = 447.874 + 16.61(MARR) + 16.13(NCIG)* - 88.71(INSR)*

(35.56) (9.844) (47.09)
+ 47.04(LDSA)* - 29.80(POOR) - 0.564(FOOD)* - 7.676(RISK)
(16.08) (34.03) (0.231) (12.33)
- 1.306(AGEH) — 0.963(TSPM) + 1.518(SULM)#*
(1.456) {0.706) (0.925)
2
R” = 0.095; F(10,389) = 3.139; S.E. = 317.201
WAGE = 49.305 + 1.275(¥MSZ) + 28.20(LOCC)* - 12.07 (LDSA)*
9 L0\ 7 2192\ 7 9O9N2\
\&+007) \H.014) \/+&UD)
+ 34.98(UION)* - 24.16(EDUC) + 136.6(RACE)* + 116.9 (SEXH)*
(15.73) (38.13) (16.95) (17.75)

FMSZ)* - 0.077(ICTR)*
(0.026)

+ 143.8(SVGS)* ~ 15.02(LDSA) - 0.277(WAGE)* + 394.8(SEXH)*
(59.63) (25.90) (0.165) (66.31)

R2 = 0.253; F(7,392) = 18.95; S.E. = 514.153

= 1

a, f P R
Standard errors are 1in parentneses,
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Table 5.1la

Labor Supply Effects of Air Pollution-Induced
Chronic and/or Acute |l nesses

From Table 10a: Air Pollution Induced Chronic Illness Only

Effect of a Ohe Unit Increase in
Air Pollution Upon Labor Supply

NOXM TSPM
Direct FEffect -1.0600 hours -1.6960 hours
Indirect (via WAGE) Effect -0.1044 hours -0.1669 hours
Total Effect -1.1644 hours -1.8629 hours

Sum of total effects from Table 10a expressions = -1.1644 - 1.8629 = -3.0273
hours.

From Table 10b: Air Pollution Induced Chronic and Acute ||| nesses

Effect of a Ohe Unit Increase in Air Pollution
Upon Labor Supply via Direct Inpact

of Chronic Illness
TSPM
Direct FEffect -0.458 hours
Indirect (via WAGE) Effect -0.026  hours
Total Effect -0.484 hours
Effect of a Ohe Unit Increase in Air Pollution
Upon Labor Supply via Inpact of Chronic
Illness on Acute I|llness
TSPM
Direct FEffect -0.017 hours _
Indirect (via WAGE) FEffect Zero, by assunption
Total FEffect -0.017 hours

(conti nued)
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Table 5.11a
(conti nued)

Effect of a One Unit Increase in Ar Pollution
Upon Labor Supply via Direct |npact
of Acute Illness

TSPM
Direct FEffect -0.046 hours _
Indirect (via WAGE) Effect Zero, by assunption
Total Effect -0.046 hours

Sum of total effects from Table 10b expressions = -0.484 - 0.017 - 0.046 = 0.547
hours.

From Table 10C. Air Pollution Induced Acute Illness Only

Effect of a One Unit Increase in Air Pollution
Upon Labor Supply via Direct [npact
of Acute |Illness

TSPM
Direct FEffect -0.092 hours _
Indirect (via WAGE) Effect Zero, by assunption
Total Effect -0.092 hours
From Table 10d: Air Pollution Induced Acute Illness Only
Effect of a One Unit Increase in Air Pollution
Upon Labor Supply via Direct |npact
of Acute Illness
TSPM
Direct Effect -0.9457 hours
Indirect (via WAGE) Effect Zero, by assunption
Total Effect -0.9457 hours
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Table 5.11b

Val ue of Labor Supply Effects of Ar Pollution-Induced

Chronic and/or Acute Illnesses for Pollution
Concentrations Two Standard Deviations
Renmoved from the Mean Concentration

From Tables 10a and 1la

Mean air pollution £ two standard deviations

NOXM = 95.320 + 82.470
TSPM = 115.818 * 65.756

Labor supply effects

NOXM = (-1.164 hours) (£ 82.470) = 95.9951 hours
TSPM = (-1.8629 hours) (% 65.756) = 122.4975 hours
Total Effects 218.4926 hours

Value of labor supply effects: ($2.92)(215) = $638.00

From Tables 10b and 1la

Mean air pollution = two standard deviations

TSPM = 74.837 + 87.864
Labor supply effects

TSPM = (-0.547 hours) (+ 87.864) = 48.062 hours
$155. 00

Value of labor supply effects: ($3.23)(48)

From Tables 10C and 1lla

Mean air pollution + two standard deviations
TSPM = 89.210 + 55.938
Labor supply effects
TSPM = (-0.092 hours) (55.938) = 5.146 hours
Value of labor supply effects: ($3.59)(5.146) = $18.47

(conti nued)
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Table 5.11b

Val ue of Labor Supply Effects of Ar Pollution-Induced
Chronic and/or Acute Illnesses for Pollution
Concentrations Two Standard Deviations
Renoved from the Mean Concentration

From Tables 10d and 1la

Mean air pollution + two standard deviations
SUM = 24,583 + 46.690

Labor supply effects
SUM = (-0.9457 hours) (46.690) = 44.155 hours

Value of labor supply effects: ($3.32) (44.155) = $146.59
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hours worked. Similarly, hourly earnings are determnined independently of
hours worked and then hours worked are determined from hourly earnings. As
Kmenta (1971, p. 585) shows, estinmation of a recursive system by ordinary

| east squares is equivalent to estinmation by full information, maximm

l'i kel i hood.

At this juncture, we wish to enphasize that the use of a single air
pollution health effect, or effect of health on wages and/or hours worked
may be somewhat msleading. These effects nay differ, for exanple, wth
age and nunerous other variables. As one gets older, it may be that air
pol [ ution-induced health effects becone progressively nore severe, inplying,
for given levels of training and work experience, that the absolute effect
of air pollution upon hourly earnings and hours worked increases with age.
Ideally, this possibility makes it worthwhile to estinate separate expres-
sions for different age groups. COherw se, one obtains, as we do, a coef-
ficient representing effects for neither old nor young people but sinmply
a wei ghted average of the two fromwhich it is inpossible to disentangle
the separate contributions of each group effect. In essence, in addition
to all the other caveats that nust be applied to the enpirical results set
forth here, one cannot blindly transfer these estimated air pollution-

i nduced health, hourly earnings, and hours worked effects to other sanples
of individuals unless their age distribution is sinlar to the age distri-
bution in these sanples. If air pollution-induced effects also differ by
ot her dempgraphic attributes such as race and sex, a simlar caution applies

Tabl es 5.10a, 5.10b, 5.10c, and 5.10d present estimates of the chronic
i1l ness dose-response expressions, the acute illness dose-response expres-
sions, the marginal earnings expressions, and the |abor supply expressions
The sanpl es of individuals used to estinmate these expressions include house-
w ves, retirees, and students, all of whom were assigned zero hours of acute
illness by the Survey Research Center. These individuals constitute about
twenty percent of the sanple, thus inparting what is probably a substantia
downward bias for these labor supply calculations in the estinated effects

of air pollution upon acute illness. Failure to include these groups would
have resulted, however, in the removal fromthe sanple of a disproportion-
ately high nunmber of individuals with chronic illnesses.

Tabl e 5.11a provides estimates of the direct and indirect effects upon
| abor supply, as nmeasured by annual hours worked, of air pollution-induced
acute and/or chronic illnesses. Assuming that the marginal hourly wage is
an accurate representation of the market value of the worker's margina
productivity, these reduced work hours are valued in Table 5.11b at the
mar gi nal wage appl ying before the reduction in work hours. Apart from any
i ssues dealing with the estimation procedures used to obtain each expression
the reader should be sensitive to the fact that assunptions stating that
illness is unaffected by work-hours and/or wages underlie the calcul ations
in these two sets of tables.

Detail ed description of the calculation procedures in Tables 5.11a and
5.11b is both tedious and repetitious. In order to informthe reader of the

procedure, we describe that applied to the material in Table 5.10a, |eaving
the reader the responsibiliy to invent for himself the procedures we have
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applied to Tables 5.10b, 5.10c, and 5.10d, which have resulted in the |abor
supply effect estimates set forth in Tables 5.11a and 5. 11b

O the three air pollution variables in the chronic illness dose-
response expression of Table 5.10a, two §EMM and TSPM have a positive
sign and are statistically significant.ié. Maki ng the al ready acknow edged
dangerous assunption that each discrete interval of LDSAis slightly nmore
than two years, or 830 days, the coefficient attached to NOXMinplies that,
on average, each unit increase in annual geometric mean concentrations of
anbient nitrogen dioxide increases the length of chronic illness by 4.15
days.lZ/ Simlarly, on average, each unit increase in annual geonetric nean
concentrations of anbient total suspended particul ates increases the |ength
of chronic illness by 6.64 days. Calculated at the arithnetic neans, the
elasticity of LDSA with respect to NOXMis 0.47, while the elasticity for
TSPMis 0.95.

The signs of the coefficients for the non-health variables in the hourly
earnings expression, (3), in Table 5.10a are in accord with a priori expec-
tations. Except for BDALO and RACE, all are statistically significant at
generally accepted levels. As for the health-related variables, neither
acute illness nor the severity of disability appears to have an effect upon
hourly earnings. However, the length of time over which the individual has
been disabled has a substantial and statistically neaningful effect. An
increase of two years in the length of time the individual suffers froma
chronic illness reduces hourly earnings, on average, by 41.73 cents. \When
calculated at the nmeans, the elasticity of WAGE with respect to LDSA is
-0.17, inplying that within the ranges of chronic illness tine |length and
hourly earnings considered here, the response of hourly earnings to chronic
illness is rather sluggish.

Using the above results for the effect of LDSA on WAGE, and the earlier
results for the effect of NOXM and TSPM on LDSA, one can cal cul ate the
average effect of each of the two air pollutants upon hourly earnings. The
4.15 day effect of an additional unit of NOXMon LDSA is 0.50 percent of the
830 days said to constitute one unit of LDSA. Since a one unit increase in
LDSA reduces hourly earnings by 41.73 cents, the average effect of an
additional unit of NOXMon hourly earnings is (0.005)(-41.73) = -0.2087
cents. Performng the sane calculations for TSPM the average effect of
an additional unit of total suspended particulates on hourly earnings is
(0.008) (-41.73) = -0.3338 cents.

Among the non-health variables in the |abor supply expression, (4) of
Table 5.10a, only BDALO fails to be statistically significant. The coeffic-
ient for WAGE has a t-value slightly less than four, and it inplies an
elasticity of WORK with respect to WAGE of 0.12. This neans that the sub-
stitution effect of a change in real earnings exceeds the incone effect.

The highly significant and negative coefficient attached to 1971 incone
secured by neans other than 1971 labor, ICIR is consistent with a sub-
stantial income effect that causes the individual to substitute consunption
hours for work hours. The elasticity of WORK with respect to ICTR, when
evaluated at the means of the variables, is -0.18
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The positive and statistically significant coefficient attached to
WACE inmplies that the length of time the individual has been chronically
ill, LDSA, has an indirect as well as a direct effect upon the annual hours
of work the individual supplies. This occurs because, as was observed in the
references to (3) of Table 5.10a, LDSA |lowers hourly earnings as well as
having a powerful direct effect, according to (4), upon labor supply. Table
5.11a exhibits the direct, indirect, and total effects of NOXM and TSPM upon
| abor supply, as neasured by annual hours worked. The total effect is an
estimate of the coefficient for LDSA in a reduced form expression

Assunming the average work day to be eight hours long, a one unit in-
crease in LDSA directly brings about a 212 hour or 26.50 day reduction in
annual working tinme. As earlier noted, 0.5 percent of a one unit change in
LDSA is attributable to NOXM while 0.8 percent of a similar change is due
to TSPM  The direct effect of an additional unit of NOXM upon annual hours
worked is therefore (0.5 x 10“2)(—212) = -1.06 hours, while the direct
effect of TSPMis (0.8 x 1072)(-212) = -1.6960 hours.

The indirect effect of air pollution upon |abor supply is obtained by
first recognizing that in (4) of Table 5.10a, each one cent change in hourly
earni ngs generates an average change of the same sign of 0.50 in annua
work hours. As was noted in the discussion of the enpirical results for
(3), an additional unit of TSPM reduces hourly earnings by 0.3338 cents.

The indirect effect of an additional unit of TSPM upon annual work hours is
then (-0.3338)(0.50) = -0.1669 hours; the indirect effect of an additiona
unit of NOXM on annual work hours is then (-0.2087)(0.50) = -0.1044.

On average, the total reduction in |abor supply caused by a one unit
increase in TSPM is 1.8629 hours, while the reduction for a one unit increase
in NOXM is 1.1644 hours. Assunming the health of the representative individ-
ual in this sanple to be exogenously deternmined, and that no potentia
interviewee died between the year for which behavior and status is recorded
and the time of the interview, the total reduction in his annual hours
wor ked caused by sinmultaneous one unit increases in NOXM and TSPMis then
3.0273 hours, i.e., approximately three hours. This last figure assumes
that the effects of NOXM and TSPM are additive. Mking the exceedingly
strong assunptions that the effects of these two air pollutants upon hourly
earni ngs and annual hours worked are constant over all ranges being consid-
ered and that the effect of hourly earnings upon annual hours worked is also
constant, those individuals living in cities having air pollution concen-
trations two standard deviations renoved fromthe nmean concentration of the
cities considered in this paper will have changes in annual hours worked
of 95.9951 hours due to NOXM and 122.4975 hours due to TSPM that is, an
i ndi vi dual who works and resides in an extremely clean city mght work 218
hours nore a year than the individual who works and resides in a city with
average air pollution concentrations. Valuing these 218 hours at the margina
wage applying before the reduction in work hours, we have a |oss in average
total earnings of (218) ($2.92) or $638 per individual, a figure which, in
spite of the grossness of our assunptions, is not in great discord with
intuitive possibilities. Guven our linearity assunption about the response
of labor supply to air pollution, this results in $1,276 in |ost wages for
an individual living in an extremely dirty location as conpared to that same
individual living in an extrenely clean | ocation
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In the preceding paragraphs, we have cal cul at ed:

WAGE(dWORK' 9 I1llness: dWORK . JVWAGE « 9dI1lness

aPollution) = 3Pollution OWAGE °~ 3TIlness dPollution WAGE

As an alternative, we could readily have cal cul ated

d (WORK. WAGE) _ dWORK dWAGE
dPollution " dPollution * WAGE + dPollution * WORK

This latter calculation procedure would yield results conparable to those
obtained fromthe first calculation procedure. For exanple, the calculation
for the expressions in Table 5.10a woul d have yielded ($1,276)[-0.2087 +
(-0.3338)] = $692

The | ost wages occurring in the remaining three sanples are consider-
ably less. In the exanple from Table 5.10b, the difference between an
extrenmely dirty location anounts to $310, mainly because the total effect
of air pollution upon chronic illness is much less in this sanple (a coef-
ficient of approximtely 0.003 as opposed to a sum of coefficients of approx-
imately 0.13) than in the sanple of Table 5.10a. The |esser inpact in the
sanpl e of Table 5.10b exists even though this sanple includes a statis-
tically significant acute illness effect of air pollution whereas the sanple
of Table 5.10a does not.

On the basis of the limted experience of these four sanples, air pol-
| ution-induced acute illness appears to have a much snaller effect upon
| abor supply and productivity than does air pollution-induced chronic ill-
ness. This is reflected in the exanple from Table 5.10c as well as that
from Table 5.10b. In the latter, although air pollution does significantly
affect acute illness, its effect, via acute illness, upon |abor supply is
overwhel ned by the effect of air pollution-induced chronic illness. The
sanpl e of Table 5.10c nust depend for its |abor supply effects upon acute
illness alone. Its magnitude is trivial relative to the air pollution
i nduced chronic effects of Tables 5.10a and 5.10b. Note, however, that the
money val ue of the labor supply effects of the air pollution-induced acute
illness in Table 5.10d are nearly one-quarter of the total effects of the
air pollution induced illnesses in Table 5.10a

The enpirical results set forth in this section suggest that air pol-
lution, mainly via its influence on chronic illness, affects |abor produc-
tivity, that at least the order of nagnitude of the effect can be estinated
wi thin the i mediate nei ghborhood of existing air pollution concentrations
and health states, and that the estimtes can be given nmeaning within a
rigorous analytical framework. Nevertheless, the estimtes we have obtained
are basically reduced form estimates: the causally subsequent expressions
relating to chronic and acute illnesses and marginal hourly earnings are
sinply substituted into the labor supply expression to obtain the total of
the direct and indirect effects of air pollution induced health effects upon
| abor supply. This may be too extrene. W allow the individual's state-
of -health to influence his earnings and his annual hours of work, but we do
not permt these hours of work or earnings to influence his state-of-health.
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Yet sone enpirical evidence exists that long hours of strenuous physica
work may generate fatigue and thereby initiate or accentuate air pollution
i nduced heal th effects.t8/ Moreover, presumedly in order to try to capture
soci oeconom ¢ and background influences for which they have no overt
measures available, epidemologists have often included earnings as an

expl anatory variable in dose-response functions. Even econonists [e.g.,

G ossman (1972) and Cropper (1977)] have included wages or earnings in

anal ytical statenments of health production functions.

In a succeeding section, we attenpt to establish enpirically whether
reciprocal relations exist between health states, work hours, and wages for
a sanpl e of respondents in the SRC data. Before doing so, however, we
present an anal ytical nodel of consumer behavior which enables us to provide
some a priori structure for these reciprocal relations. In particular, wth
this nodel we are able to interpret the estimated relations as denmand func-
tions for avoiding acute or chronic illnesses and predict the behavior of
several of the function parameters. To the best of our know edge, the node
set forth in the next section is the first to conformto the common sense
notion that health status is a direct source of utility as well as a factor
that influences the efficiency of production and consunption activities.

5.5 A Mddel of the Effect of Air Pollution on the Demand for Fbalthigi

Let an individual obtain utility fromtwo comodities: H the dis-
counted flow of health services in each period i, h.; and Z, the present
value of the stream of services per period of a composite comudity, z,.
Thus:

U= UH,2Z) (5.5)
wher e

?h" and Z =
1 i=0

andcg I's the individual's discount factor for the ith period.

Presune that the individual has an initial health endowrent, H, ,6 that
was provided instantaneously in period 0. However, due to natural aging
this initial health stock depreciates exogenously over time as given by
(5.6), Where B; is the proportion of H remaining in the ith period.

H, = BH (5.6)

i0

The h; and z; are produced by |inear hombgeneous production functions
f.(i = H Z) whose inputs are goods, X,., and tinme in each period i. Ar

pdllution and ot her environnental goods are included ampng the Xij‘ I'n
gener al ahi/aXi, when i is pollution.
hi = fh(xhi’Thi)’ (5 7)
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z, = £,(X T ), (5.8)

where T, is the tine allocated specifically to health Care, and T, is
leisure time In the X,;, no distinction is nade between aneliorative and
preventive nedical care, since, if the ameliorative care returns the indiv-
idual to his former health status, he is dropped back into the sanme risk
pool he was in before receiving the aneliorative care.

W make a distinction between the tine-based wage rate and an incentive
paynent based on the flow of productive services the individual provides.
The latter is viewed as a supplenment to the time-based salary. It is a
reward varying directly with the effort the individual expends over and
above that mni num expenditure necessary for himto keep his job. This
distinction between tine-based salary and incentive payments for non-pre-
scribed effort expenditures allows us to discrimnate between acute and
chronic health effects insofar as they influence the efficiency of production
and consunption activities. Acute health effects do not alter total earnings
except when they reduce time on the job, whereas chronic effects alter both
tine on the job and total earnings for any given amount of time on the job

Total incentive payments, M, are given by (5.9), where g(+) is a
twi ce-differentiable, decreasing returns-to-scale production function, P
is the incentive payment, and E and e are respectively stock and flow non-
heal th environnental variables (e.g., schooling, services of a mate, air
pol lution that directly affects productivity, rather than via health, coffee
air conditioning, etc.) that may influence the abilitﬁito put forth effort
The c's are their respective unit prices. Note that ™i varies directly with
the anount of output the individual's efforts produce, rather than the
amount of effort he expends.

Mi = Pg(hi’Ei’ei’TDi) - CEEi - c.e;- (5.9

In (5.9) Ty represents time expended on other work activities in the the
period, including househol d production. These activities are presumed to
dissipate energies that could otherwi se be devoted to work. Alternatively,
one could include Ty, work time, rather than Ty in (5.9) on the presunption
that, beyond sone time expenditure, additional work tinme causes
fatigue and/or ennui
The individual's
f i

th period time constraint is given by (5.10) where
is Becker's (1967) "full-

i
ull-tine,” and T _. is work tine.
Wi
6, = Thi + T,s ¥ Tpi * Tis (5.10)

If P, P, are the price indices of the goods used in the production of
h and z, and If x, X, are the average (= marginal) conposite purchased good
coefficients of h; andz, then the individual's budget constraint over his
pl anni ng horizon can be represented as:

[

Y, =T W+ M -
i i i

. ; h, = px 2z =0, (5. 11)

. phxh zz 1
i
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wher e b is the ith period flow of non-earnings income, and Wis the tine-
based wige rate.

Upon conbining (5.10) and (5.11), assumng Wrepresents the shadow

price of time, one obtains the "full" intertemporal wealth constraint, (5.12):
I
= z o | + -
A i[eiw + Y, Pg(hi?Ei,ei,TDi) (PhXh + WTh)hi
- (X + W)z, - c By - ceei] =0 (5.12)

The optimal levels of Hand Z, the optimal uses of stock and flow non-
health environmental variables, and the utility-maximzing tine allocations
in each period are obtained by maximzing (5.5) subject to (5.12) wth non-
negativity constraints on H,, Z E e, and T, There are thus 31 + 2 first-
order conditions including the full-wealth constraint.

I I
o< o« - < 0; 5 13
B L L N (5.13)
i
U, + M-I (P X +WI)] < 0; (5. 14)
P -W < 0 (5.15)
&
D,
1
PgE. - cp S 0 (5.16)
1
Pge -c, < 0; (5.17)
i

Assum ng internal solutions, expression (5.13) can be rewitten to form
(5.18):

I 1 1
«U
I «B (PX +WL)-I «BPg = I -iH (5.18)
T P T

whi ch says that the optimal state-of-health occurs where the present value
of health is less than the capitalized cost by the value of the margina
utility of the health stock. Thus, the net price of health as an unput into
t he work process is the horizon perlod consunption price, I« 181 P w5t Wr. ),
less the pecuniary equivalent of marginal utility.

Upon combining (5.13) and (5.14), one obtains:
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I

I
T =g, (P + WL, ) - I <«B.P
H, _ i=0 i“i hXh h i=0 iti gh1

(5. 19)

™

«(PX + WT)
. itz z z
i=0

= ch/cZ

which states that the marginal value product of health in work offsets the
predet ernmined consunption price conponent. Thus, one consequence of the
dual role of health is that, even though the time-based wage rate is fixed
and the househol d production functions are |inear honmogeneous, the ful
shadow price of health in production or consunption is endogenous, dependent
on the state-of-health demanded since the marginal product of better health,
Pg, and the marginal utility of better health, UH/A, will decline as H

i ncreases.

To ascertain the response of health states demanded to changes in the
paraneters specified in the nodel and to fornulate a demand function for
health states, the first-order conditions (5.13) - (5.17) nust be totally
differentiated and the relevant partials for % cal cul at ed.

The response of health demand to own predeterm ned price, E“isi(PhXh +

WT, ) can be deconposed into conpensated substitution and (full) incone
effects:

dh oh + hG

5[ <8, (P, X+ WI )] T3, (B K F W] (5.20)

as),

Since the first termon the right-hand side of (5.20) corresponds to a
conpensated price effect, the second-order conditions require it to be

negative. It is unclear what the sign of h(ah) shoul d be.

Under the assunption that the individual's price of tinme is equal to the
ti me-based wage rate, the unconpensated substitution elasticity of health

with respect to the tine-based wage rate is:
1 I
Oy = cen O - A D TEY [iio “iTp, we_1/s (5. 21)
wher e sﬁcH is the own conpensated price elasticity of health; €q is the

(full) income elasticity of health stock, H and the consunption price
time intensities are defined as:

1

Y4 = «

H= (.z iWTH)/cH (5.22)
i=0
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v, =@ ?WTZ)/(CZ =px, + WT_) (5. 23)

In (5.21) a conpensated increase in the tine-based wage rate reduces
the demand for the absence of acute health effects (causing the value of
freedomfromair pollution exposures to be reduced) if the individual's
production of freedom from acute health effects is nore tinme-intensive than
is his production of other goods fromwhich he obtains utility. This is

because the second-order conditions require that sch < 0. Although we

can only speculate, activities such as daily exercise progranms and the care-
ful preparation of healthy menus do seemnore tine-intensive than reading a
novel or eating at the local fast-food emporium Even if the consunption
price time intensities are equal, i.e., ¥, =Yv,_,, an increase in Wmight
still reduce the demand for freedom from acute™health effects, since, from
(5.22) and (5.23), Yy > Y, as Cy > c,.

The second-order conditions inply that there will exist a discrepancy
bet ween the observed incone elasticity of health status and the "true"
income elasticity. In fact, the forner is likely to be less than the latter
because the data used to calculate the observed elasticity will frequently
be unable to distinguish between the tinme-based and the incentive paynent
components of the total wage. These two conponents inply that the individ-
ual's budget constraint will be nonlinear since chronic health status in-
fluences the ability of the individual to provide those productive services
rewarded by incentive paynments. This downward bias further inplies that
estimates of the demand for the absence of air pollution induced chronic
health effects will also be biased downward whenever the data do not allow a
di stinction between the two earnings conponents. |f an exogenous reduction
inair pollution increases the optiml degree of absence of chronic illness,
the marginal productivity portion of the full shadow price of health dimn-
i shes, assuming that the supply of effort is negligibly reduced by the ad-
ditional earnings. The shadow price of the health stock therefore, rises

A second general consequence of the contribution of freedomfrom chronic
illness to incentive paynments is that changes in education and simlar
factors related to the provision of productive services will influence the
shadow price of health by altering horizon period productivity. In turn,
these factors will affect the value the individual attaches to the absence
of air pollution-induced chronic illness. In short, the individual's demand
for freedomfromair pollution exposures will be related to his education
job experience, and other influences on his productivity.

The unconpensated elasticity of freedom fromchronic health effects
with respect to the price,. c., of any of the aforementioned factors related
to the provision of producti&e services is anmbi guous, however. This
elasticity is given by (5.24), where q. refers to one of these productive
servi ces. J
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The sign of this expression depends on whether the factor in question is a
substitute for (4 > 0, as with education), or a conplenent of (¢ < 0 as
perhaps with confortable job surroundings) freedom from chronic illness.
For exanple, assuming non-inferiority (e > 0). if freedomfromchronic
illness and the services of a mate are (¥mperfect) substitutes in the pro-
vision of productive services, then a conpensated increase in ¢, would

rai se the demand for health; the sign of the unconpensated effect, however
woul d depend on the magnitude of ¢_ and the share of the costs of the
services of a mate in full incone.

The effect of a change in the price, P, of the output of productive
services is also anbiguous. Expressed in elasticity terms, this effect is
I I

€, ==-cg¥c L <«BPg.fc +I I ¢H + I Pg./Re_.

Hp HHi=0 i"i"®i' i 1=0 cJ. =g 1 R
Wiile an increase in P raises the marginal value product of good health,
thus lowering c.., and increases incentive-based income, the value of the
out put contribubions of the ot her input factors in g(¢) also rises. The
sign of the conpensated substitution effect will thus depend on the com
plenentarity-substitution relations between freedom from chronic health
effects and other inputs

Accounting for the preceding devel opnent, we can express the demand for
freedom from chronic and acute illnesses in terns of two functions dif-
fering according to whether we are considering acute or chronic illness.
Both of these functions will involve argunents, however, relating to pre-
determ ned variables that influence the pride of time, in addition to
variables that relate to production and consunption activities. Thus, for
the willingness to accept chronic illness, we can wite the demand function
as:

Hooa = ul(Tine-based wage, Incentive payment, Non-earnings
incone, Environnental variables, Cost-of-living,
Endownent vari abl es).

In the case of the denaqg for acute illness, the demand function, w,(*),
for u simlar to "LDSA above, except that the termfor i ncefit ive
payments 1S deleted.

5.6 Some Enpirical Results: The Denmand for Freedom from Air Pollution-

I nduced Acute and Chronic Il ness

The nodel of the Freceding section inplies that changes in the willing-
ness to accept acute illness will result in changes in work time al one,

al though the extent of the change will depend on other parameters such as
the tine-based wage rate, transfer income, and assorted background variabl es.

142



In contrast, the wage rate is endogenous in the demand for freedom from
chronic illness, since the extent of chronic illness determnes, in part,
the wage rate. Thus, although the wage rate is determned outside the
systemin the demand for freedomfromacute illness, it is determned wthin
the systemin the demand for freedomfromchronic illness. This inplies
that we can treat the demand to avoid acute illness as a single expression
but nust account for the simultaneity between the wage rage and chronic

i1l ness when estimting the demand to avoid chronic illness.2l/ |n the
latter case, we nust resort to sinmultaneous equation estimation procedures.
Here we adopt two-stage | east squares.22.

The appropriate expressions to calculate the pecuniary anounts the
i ndi vi dual woul d have to receive to be willing to pay to avoid an increase
in acute or chronic illness are, respectively, (5.21) and (5.24) of the
previous section. Calculation of these expressions is clearly rather com
plex. As an alternative, we have calculated this willingness to accept as:

d (Income) = d(Illness time)
d (Pollution) d(Pollution)

(Price of time) (Illness time)

Upon reflection, this proposed nethod of cal culation seens no different
than the procedure enployed to cal cul ate the pecuniary equival ent of the
recursive effects of air pollution upon |abor supply. A sonewhat subtle
difference does nonetheless exist. In particular, a difference exists in
the definition of illness tinme and its response to pollution variation:

The recursive estimates dealt only with the physical effects of air pol-
lution, while illness time in the above expression represents the individ-
ual's utility-maximzing illness time. Wen estimting dose-response
expressions, we included as explanatory variables only predetermned vari -
ables either that described the individual's current health status or were
_a priori physical determnants of changes in this status. In contrast, when
estimating the individual's demand expression for willingness to pay to
avoid illness, we include variables such as the tine-based wage rate,
transfer paynents, incentive paynents, etc., that influence the sacrifices
the individual is willing to make in order to avoid illness tine. For
consi stency, and only when we have no alternative, we even sometimnmes re-
interpret the neanings of identical explanatory variables that appear in
both the dose-response expressions and the demand expressions. Thus, |NSR
whi ch was conveniently interpreted as a proxy for the availability of nedica
care in the dose-response expressions, will be interpreted in the demand
expressions as a proxy for the price that the individual faces for a given
quantity of medical care.

In the anal ytical nodel of the preceding section, increased air pol-
lution reduces the flow of health services, and, as a consequence, reduces
utility and usually increases the marginal product of particular health
investments. These effects are opposing, causing the sign to be expected
for the coefficients attached to the pollution variables to be anbi guous.
However , pollution also causes the cost of supplying a given health status
to increase. The result is that the income the individual is willing to
forego to avoid pollution-induced illness is positive. W therefore expect
the signs attached to the pollution coefficients in the demand expressions
to be unanbi guously positive
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Tabl e 5.12 bel ow presents three estinmated demand expressions relating to
acute illness for two different sanples drawn fromthe 1971 SRC data. These
sanpl es include housew ves, retirees and students, all of whom were assigned
zero hours of acute illness by the SRC. The expressions are linear in the
original variables. Expressions (1) and (3) were estimated fromthe same
exanple. Only in the first two expressions is at |east one of the air pol-
lution variables statistically significant. The individual's time-based
wage, which was neasured as his hourly earnings on his regular job, appears
to have no influence on his demand for avoiding increased hours of acute
illness. Neither does annual work hours nor cigarette expenditures. As
previously noted, substantial measurenent error is involved in CIGE. People
who participate in energetic activities and have adequate diets tend to have
greater demands for the avoi dance of acute illness, as do those who are risk
averse. (O der people and those who face lower prices for nedical care seem
less willing to pay to avoid additional acute illness. As in the dose-
response expressions for acute illness, the sign attached to INSR is puzzling.
Addi tional income, the acquisition of which does not involve any current
time, increases the demand for acute illness avoidance.

In expressions (1) and (2), each additional unit of TSPMresults, respec-
ively, in an additional 1.212 and 0.796 additional optimal acute annual hours
of illness. In expression (1) of Table 5.12, the arithnetic nmean of WAGE is
$3.62, meaning that the representative individual would, on average, be
willing to pay an additional $4.39 annually to avoid one additional unit of
TSPM  The arithnetic mean of WAGE for expression (2) in Table 5.12 is $3.58.
Thus, the representative individual in this sanple would be indifferent
between paying $2.85 and an additional unit of TSPM In expression (2), the
arithnetic mean TSPMis 87.315 and 54.749 units of TSPMis two standard
devi ations renoved from this mean. Assuming a |inear extrapolation of the
preceding marginal (= average) wllingness to pay of $2.85 for avoiding an
additional unit of TSPMto be valid, the representative individual in
expression (2) would be willing to pay $312 annually to avoid the additiona
hours of acute illness associated with living in a |ocation where TSPMis
extremely high as opposed to being extrenely low A similar calculation for
the representative individual in expression (1) indicates that he would be
willing to pay $457.97 in 1971 dollars annually in order to avoid a sinilar
fate

The basic calculations fromthe willingness to pay to avoid chronic
i1l ness expressions in Tables 5.13a and 5.13b are identical to the pro-
cedures used for the willingness to pay to avoid acute illness expressions
of Table 5.12. The sole difference is the use of the arithnetic mean val ue

#AGE rather than WAGE. Table 5.13a hol ds no speci al surprises except for the
sign attached to the statistically significant coefficients of DSAB. None-
the less the sign is consistent with a finding of Hamushek and Quigley (1978)
that disabliities appear to affect negatively the earnings of the blue-

collar workers but have little, if any, effect on the earnings of (presunedly)
hi gher paid white-collar workers

The estimates in Table 5.13b indicate a reduced quantity demanded of

chronic illness avoidance with an increase in age, and an increased quantity
demanded with reduced prices for nedical care. The significance of the
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Table 5.12

Willingness to Pay to Avoid Acute Illness

Sample ¢H) (2) (3)
Variable B 1971 s B 1971 s B 1971 s
WORK 0.007 0.018 -0.007 0.010 0.012 0.018
WAGE 0.047 0.032 -0.016 0.020 0.039 0.052
CIGE -0.057 0.094 -0.108 0.118 -0.067 0.095
EXER -66.990% 33.320 -30.033 40.019 -60.520% 33.620
FOOD -0.052% 0.024 -0.115% 0.033 -0.052% 0.024
RISK -10.460 11.250 ~40.020% 13.420 -12.680 11.360
AGEH 0.955 1.034 -0.506 1.286 1.246% 0.742
INSR 54,85%% 27.58 161.800%% 47.230 63.480% 27.890
ICTR -0.244% 0.022 -0.278% 0.022 ~0.233% 0.021
TSPM 1.212% 0.668 0.796% 0.384 0.500 0.478
SULM -0.610 0.419
Constant 99.057 182.339 128.082

2
R 0.091 0.086 0.089
S.E. 245.647 267.306 258.336
F (10,391) = 3.094 (9,390) = 4.112 (9,390) = 3.475

*Statistically significant at the 0.05 level of the one~tailed t-test.

**Statistically significant at the 0.05 level of the two-tailed t-test.
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Table 5.13a

Two-Stage Least Squares Estimates of WAGE
Expressions for Chronic Illness

Sample (1) (2)

Variable B 1970 s 8 1971 s
EDUC 31.730% 8.735 23.740% 5.307
WORK 0.016 0.021 0.0017%* 0.0011
DSAB 179.200%* 50.230 35.670%% 17.220
FMSZ 33.610%* 6.293 63.790% 37.980
BDALO 40.470% 6.075 14.610% 3.447
HMPN b 0.554%% 0.218 0.642 0.927
LTWK ~-17.430 33.520 -35.160 32.070
ABSNE -5.401 44,010 - -
UION 87.320% 34.620 29.880 19.920
RACE 41.310 33.780 68.430 81.210
LDSA -255.600% 58.880 -69.940% 30.530
Constant -59.852 -28.345

S.E. 255.199 159.234

F (11,388) = 26.020 (10,389) = 13.685

*Statistically significant at the 0.05 level

**Statistically significant at the 0.05 level

ABSN refers to the fr

e
reasons other than ill

b
HMPN refers to annual hours o
house additions and repairs
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Table 5.13b

Two-Stage Least Squares Estimates
of Chronic Illness Expressions

F

(11,388) = 9.733

(LDSA)
.Sample (1) (2)

Variable 8 1970 s 8 1971 s
RISK -0.030 0.052 -0.016 0.048
AGEH 0.029% 0.006 0.031% 0.005
INSR ~1.475% 0.257 -0.553% 0.170
CHEM -6.804% 2.479 0.268 0.703
CITY 0.052 0.129 0.050 0.134
POOR 0.500% 0.150 0.345% 0.135
FEDU -0.036_, 0.044_, -0.028_, 0.046_,
ICTR -0.17x10 ° * 0.05x%10 -0.80x10 ' * 0.16x10
TSPN 0.0021 0.0020 0.0039% 0.0010
SULN -0.001 0.004 -0.0007 0.0Cl4
WAGE 0.005%* 0.002 0.005% 0.001
Constant 0.521 0.033
S.E. 1.168 1.193

(11,388) = 13.250

*Statistically significant at the 0.05 level of the ome-tailed t-test.

**Statistically significant at the 0.05 level of the two-tailed t-test.
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coefficient for CHEMin expression (1) is undoubtedly an anamoly since only
one person worked in the chemcals and netal s manufacturing sector. Those
respondents who were poor when grow ng up demand |ess chronic illness avoid-
ance, perhaps because their health status is initially less and they there-
fore must invest nore to reach a given health status level. WAGE, and there-

fore'ﬁ&EE, is defined here as the individual's marginal hourly earnings.
This need not be his hourly earnings without overtine on his primry job.

In Table 5.13b, only expression (2) possesses a statistically signifi-
cant air pollution coefficient. Assuming as in previous sections that each
unit of LDSA is slightly nmore than two years, or 830 days, in length, that
each of these days is a potential workday, and that the average workday is
eight hours long, then an additional unit of TSPN in expression (2) of 5.13a
causes the individual's utility-maximzing nunber of days of chronic illness
to increase by 3.25 days over his lifetime. W have no idea, however, how
these additional days will be distributed over his lifetime, nor can we
treat 3.25 additional days for someone who is already chronically ill as
simlar to 3.25 additional days for someone who is not now chronically ill.
Assume our representative individual currently has no chronic illness, and
further assune that perpetual exposure to an additional unit of TSPN will
cauig/hin1to acquire inmmediately a "chronic" illness. The arithmetic nean

for WAGE in 1971 is $3.72 per hour. Since our representative individua
works eight hours per day, and since he will now find that 3.25 days of his
worktime will at some time no |onger be available, he would be willing to
pay an undi scounted anount of $96.72 in a single lunp sum The arithnetic
mean of TSPN in sanple (2) is 156.185, and 127.574 units of TSPN is two
standard deviations renmoved from this nean. Assuming the validity of a

| i near exprapol ation of the preceding marginal (= average) willingness to
pay to avoid the chronic illness induced by perpetual exposure to an addi-
tional unit of TSPN, we find that the representative respondent would be
willing to pay an undiscounted |unp sum of approximately $25,000 ($24, 678)
to avoid the chronic illnesses associated with spending the rest of his life
in an extrenely high TSPN | ocation as opposed to an extrenely | ow TSPN

| ocation

5.7 Overview of Enpirical Results

W view the enpirical results of this chapter as tentative and ongoi ng
rather than as definitive and final. The SRC interview data that we enpl oy
is a random sanpling of the civilian, noninstitutionalized popul ation of the
United States. Extrapolations of results to the entire population are there-
fore fairly reasonable, even though we have not enployed the SRC sanpling
weights.  However, caution nust be exercised in doing so: our measures of
ilIness are substantially less than ideal. In particular, the neasure of
chronic illness is rather discrete and its uppernost value is unbounded.
Moreover, individuals who died between the reference year of the interview
and the time of interview are not included. Both factors probably cause the
health inpact of air pollution to be underestimated. Neverthel ess, we feel
that we have provided an exanple of some of the things that can be done with
m croepi denmi ol ogi cal data on health status, endownents, and tine and budget
allocations. In the bulk of the dose-response expressions we have estimated,
most of which were estimated from distinct random sanples, air pollution is
associated with increased tine spentlgging acutely and/or chronically ill.



Air pollution, in addition, appears to influence |abor productivity, where
the reduction in productivity is measured in the earnings |ost due to reduc-
tions in salable skills and in work-time. The reduction in productivity due
to air pollution-induced chronic illness seens to overwhel many reductions
due to air pollution-induced acute illness.

The followi ng exanples involve linear extrapolations of estimted |abor
productivity effects and willingnesses-to-pay at arithnetic nean air pol-
lution concentrations. The |inear exprapolations extend two standard devi-
ations fromthe means of the frequency distributions of these concentrations.
CGeographical locations residing in the upper tails of these distributions
m ght reasonably be regarded as extrenely dirty while those along the ex-
tended portion of the lower tails are bathed in extrenely clean air. The
representative individual who is instantaneously and painlessly renmved
froman extrenmely dirty location to an extrenmely clean one m ght expect to
acquire about $20 (in 1970-71 dollars) in additional annual earnings from
reductions in air pollution-induced acute illnesses. This sane individua
woul d annual Iy acquire several hundred 1970-71 dol lars (approxi mately $100
to $600 in our enpirical tests) by the reduction in chronic illness he woul d
obtain froma simlar renoval. Both these results assune that wage rates
are not adjusted in response to a cleaner environment.

The willingness of the representative individual to pay for the annua
hours of acute illnesses he could avoid by being in a clean rather than a
dirty environnent is, for the two sanples for which we obtained estinates,
bet ween $300 and $500 annually in 1970-71 dollars. For chronic illness
avoi dance, we cal cul ated, under sone extrenely crude assunptions and on the
basis of only_a single sanple, that representative individual would be
willing to pay an undiscounted |unp sum of $25,000 to be in the clean rather
than the dirty environment.
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FOOTNOTES

ilThe Survey Research Center possesses the exact addresses of the sanple
famlies, but does not include themin its data tapes.

-g/This "errors in variables" problemis usually handled by using instru-
mental variables which are highly correlated with the variable neasured with
error but are uncorrelated with the error. W were unable to think of a
variable having these properties.

-Q/SRC interviews for 1973 behavior and status include a three-digit
occupational code corresponding to the coding used in US. Bureau of the
Census, 1970 Census of Popul ation Al phabetical Index of Industries and Qc-
cupations, Washington, D.C.: USGPO (1971). This neans that information is
available in the SRC data set on nearly the exact kind of job held by the
fam |y head and/or his wife. This rather nagnificent store of information
obvi ously has many research possibilities which remain conpletely unexploited
in this study.

'i/Other measures of ill-health are available in the SRC data set,
particularly the severity of the disability, if any, and the nunber of weeks
mssed from work due to sickness. Because of its qualitative nature, the
decision was made to use the first of these entirely as an explanatory rather
than as a dependent variable.

éjExpressions of disconfort with the reductionist perspective are now
fairly comon in the bionedical literature. See, for exanple, Syne and Berk-
man (1970) and Engel (1977). More inportantly, there is enpirical evidence
that variations in self-reported health status reflect correct variations
in clinically objective neasures of health. See Gossman (1975, p. 168) for
areviewof this literature as well as sone additional enpirical evidence.

-Q/The literature which views children as an investment is surveyed in
several papers in a supplenment to the March/April 1973 issue of the Journa
of Political Econony.

-Z/The 18th century French jurist and phil osopher, Mntesquieu (1947,

p. 245), succinctly stated the central theme of much of this literature:
"The nations of hot countries are tinorous like old men, the nations in
colder regions are daring like youngsters." Recent efforts have been con-
siderably less elitist and self-congratul atory.

-§/A fair amount of work appears to have been done to ascertain the dis-
crepancies, if any, between self-reported and clinically eval uated health
status. Survey Research Center (1977, pp. 7-10) states that the bulk of
studies conclude: (1) as the tine between an interview and an event |enghtens,
there is increased underreporting about the nagintude of the event; (2)
inportant events are less likely to be inconpletely and inaccurately reported,
and (3) self-reported events are |ikely to be biased in what the respondent
considers to be a socially acceptable direction. Mrquis (1978), however,

di sputes these conclusions because all studies either check self-reported
heal th status against clinical records_or check clinical records against
status. He shows that a statistically correct test of bias requires both
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checks. Wen he performed this check with a sanple of individuals from
Dayton, Chio, he found that "...there is little or no average reporting bias
in hospital adm ssion/discharge data obtained by household interviews." (p
42).

Q/This hi gh proportion of non-whites is probably caused by the fact
that 40 percent of the original 1967 sanple was conposed of famlies pre-
viously interviewed by the US. Bureau of the Census for the 1966 Survey
of Econom c QCpportunity.

lg/Wallace (1977) has surveyed a number of recently evolved tests
enabling the investigator to ascertain the extent to which Selvin's and
Stuart's (1966) data-dredging alter the trustworthiness of |ater estinates.
W have disregarded the Wallace (1977) tests in this study in favor of
drawi ng entirely new sanples each tine a new expression is estinated.

}l/There is another alternative: each of the follow ng structura
expressions could be estimated:

a) DSAB =f (Ar pollution, lifestyle, . . ., etc.)
b) LDSA = g(BSAB, . . .)

where the B5SAS in expression (b) is the estimated value of DSAB. However,
since DSAB is measured in ordinal and discrete terns, either a nultinoma
logit or a basic logit specification using maxi mum |ikelihood estination
met hods woul d have to be enployed. In the latter case, four different
versions of (a) would have to be estimated since DSAB involves four dis-
crete ordinal neasures.

;z/See,for exanpl e, Gossman and Benham (1973), Thal er and Rosen (1975),
and Parsons (1977).

-lélA review of recent work is available in Lave and Seskin (1977).

-lﬁ/In Gossman's (1972) notation, the sick tinme production function is:

TL, = b, + by [T+ &)H, _ ]
where TL represents chronic or acute sick tinme, His the stock of health
capital, I_is current health investnents, and §is the rate at which the
health stock decays. The termin parentheses is the stock of health capita
witten in terms of the past stock of health capital and current investnent
in health. Thus, for exanple, we treat such variables as POOR DSAB, and
FEDU as determnants of H__,, and FOOD, NGOG TSPM etc., as conponents of

I, and ¢ . Gossman (1972) chosses a nultiplicative formfor this expression

whereas we adopt a linear form Mst inportantly, Gossman (1972) makes both
the wage rate and the health state endogenous by making the former a function
of the latter and the latter a function of the forner. W treat the health
state as exogenously determ ned while retaining the dependence of the wage
upon the health state
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lLj-/'rhis currently lesser productivity could readily be due to past
discrimnation in the |abor market and/or education as well as fewer past
opportunities for investnent in physical health.

-lé/In this case it is unlikely that nulticollinearity has seriously
inflated the standard errors of the air pollution variables. The highest
sinple correlation coefficient between an air pollution variable and anot her
explanatory variable was TSP * SULM ™ 0.65. Al other sinple correlation

coefficients were less than 0.20

lZ/The 830-day interval is a weighted arithnetic nean established by
taking the mdpoint of each of the time equivalents of the SRC index
measures for LDSA and weighting by the proportion of the entire SRC sanple
in 1971 having a particular LDSA index value. Ten years was treated as the
m dpoi nt for the uppernost LDSA index.

-lé/See Crocker and Horst (1977).

12/Ideal generalization of this nodel would have: (1) the flow of health
services rather than the stock of health entering the individual's utility
function; and (2) the opportunity cost of tine not be assumed equal to the
wage rate but rather derived fromthe nodel to be equal to the wage rate
wei ghted by the shadow price for expenditures on inputs into the production
of health and the conposite comodity.

-gg/The tinme expenditure at which fatugue and/or boredom sets in on a
particular job and the rate at which it changes is itself likely to be a
function of the individual's state-of-health and education. W have not
tried to capture this either in this mdel or in the subsequent enpirica
effort that accords with it. One mght argue that various attitudina
measures such as job satisfaction, aspiration and anbition, and others
readily available in the SRC data woul d serve as adequate proxies for
fatugue and boredom

Zl/Simultaneity is inplied by the nodel in the demand for acute illness.
In particular, although we considered it only in passing, the tine expended
in other work activities is an endogenous variable, which, in turn, inplies
that work time is endogenous. W have, infact, tested this sunultaneity
by treating work as endogenous and estimating the systme by two-stage |east
squares. The results, which we do not bother to report here, differed only
trivially fromthe ordinary |east squares estimates that we do report.

Znghe reader should be aware that by adopting a TSLS estimation pro-
cedure, we are giving up sone efficiency in estimation in order to enhance
the consistency of our estimation. The cruelty of this tradeoff is due to
the quite low coefficients of determnation involved in OLS estimates of the
freedom from chronic illness demand function
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Chapter VI

AN ESTI MATE OF NATI ONAL LOSSES I'N LABOR PRCDUCTI VI TY
DUE TO AR POLLUTI ON-1 NDUCED MORBI DI TY

6.1 |ntroduction

In this brief chapter, we use what we consider to be the nost repre-
sentative of the recursive labor supply estimates in Table 5.10 to specul ate
what the aggregate gains in US. labor productivity could be froma reduction
in air pollution-induced acute and chronic norbidity. Due to the prelinmnary
and exploratory nature of our work, we are nost anxious that the reader
wi shing to enploy or to communicate these cal cul ations be careful always to
make highly visible the set of assunptions in which the calculations are
enbedded. CQtherwise, he will be unable to make an inforned judgnent about
the extent to which the world represented in the text corresponds to reality.

Figure 6.1 is a hueristic representation of the structure formng the
basis of our estimate. Air pollution is viewed as increasing directly both
chronic and acute illness. In addition, it causes an indirect increase in
acute illness via its positive effect on chronic illness. Acute illness
reduces hours worked, but, because of its passing nature, it has no inpact
upon the worker's long-term productivity that determnes the level of his
wages. However, chronic illness, which does reduce |ong-term productivity,
exerts a direct negative influence on both wages and hours worked. It also
i nfluences hours worked in an indirect manner through its effect upon wages.

Figure 6.1

A Representation of the Effect of Air Pollution
Upon Labor Productivity

Air Pollution

€D (+)
(+)
Acute Illness << Chronic Illness
-) ¥ -) \/(-)
Hours Worked P Wages
(+) N



6.2 The Assunptions

Table 6.1 is a succinct |ist of the major assunptions underlying our
enpirical inplementation of the structure depicted in Figure 6.1 and its
extrapolation to a national aggregate. W divide these assunptions into
four classes: specification, neasurenent, estimation, and aggregation. The
table also indicates the probable direction of bias, if any, the assunption
i ntroduces. However, we do not now know the sensitivity of our estimates
and cal culations to any particular assunption or to the entire set of
assunptions. Upon reviewing Table 6.1, the judicious reader wll inmed-
lately becone aware that our listing is sufficiently strenuous to raise
some questions about whether our estimates and cal cul ations are yet suf-
ficiently conpelling to warrant their serious use.

In spite of the lengthy listing of assunptions, we enphasize that our
treatment of the systemin Figure 6.1 has several positive distinguishing
features. To bal ance any negative inpressions established from T Table 6.1,
we |ist these positive features in Table 6.2. Qur estimates of the system
in Figure 6.1 is presented in Table 6.3. As a result of a one-unit (ug/m3)
increase in air pollution, we estimate that the representative person in
Table 6.3 will have his annual work hours reduced by 0.547 hours. O this
reduction, only 0.046 hours will be due to acute illness. The loss in |abor
productivity suffered by this person can be cal cul ated by (where A stands
for change):

A(Wrk hours - Vage) A(Wrk hours) . Wage + A(\Wage) . Wrk hours
A(pol | ution) = A(Pol I'ution) A(Pol lution)

Upon performng this cal culation, we obtain
= (0.547)($3.225) + ($0.071)(1560. 895)
= $2.86

That is, a one-unit reduction in air pollution would have increased this
representative person's 1970 earnings by $2.86. Only $0.15 of this sum
represents the gain froma reduction in acute illness

The above $2.86 sumrepresents our "best" estimate at this point of the
representative person's gain in 1970 earnings froma one-unit reduction in
air pollution. Lower and upper bounds for this estimate can be established
by making use of the confidence intervals for the effect of pollution on
chronic and acute illness; that is, we wish to calculate the gain in earnings
when the pollution coefficient in (1) is 0.0028 + 0.0011, and when the
pol lution coefficient in (2) is 0.623 + 0.317. At least for the chronic
i 11 ness expression, this confidence interval captures nearly all the range
of the values for the pollution coefficients in the chronic illness expres-
sions estimated in the previous chapter. Upon performng this calculation
for the | ower bound, we obtain $1.88, and for the upper bound, we obtain
$3. 84.

Assune that the average exposure of the U S. 1970 urban population to
annual georetric mean total suspended particulates was 100 ug/m° and that
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Table 6.1
Maj or Assunptions Limting Generality of Results

Speci fication

1) Air pollution affects only the duration of chronic illness. Qur
inattention to the severity of chronic illness tends to reduce the estinated
i npact of air pollution on Iabor productivity.

2) Cccupational exposures to hazards and environmental pollutants other
than air pollution do not influence either acute or chronic illness. If air
pollution is noderately and positively associated with these hazards and
pol lutants, this assuption tends to increase the estimated inpact of air
pol lution on |abor productivity.

3) Annual geonetric nean ambient concentrations of total suspended
particul ates serve as an adequate proxy for all forns of air pollution.
The effect of this assunption upon the estimated effect of air pollution
on labor productivity is unknown.

4) Al relationships depicted in Figure 6.1 are linear. It is unknown
what effect this assunption has on the estinmated effect of air pollution on
| abor productivity.

5) Air pollution-induced health effects do not cause the voluntary
substitution of leisure for work. This assunption tends to reduce the
estimated inpact of air pollution on labor productivity.

Measur enent

6) Air pollution exposures for each individual in the sanple are
adequately represented by a single annual average of anbient concentrations
obtained at a single nonitoring station within the individual's county of
residence. Since pollution monitoring stations in the early part of the
1970's were predom nantly in downtown urban |ocations, individuals' air
pol | ution exposures probably tend to be exaggerated. This will reduce the
estimated health effects of air pollution.

7) The duration of any air pollution-induced chronic illness cannot
exceed ten years. This will reduce the estimated effect of air pollution
upon the duration of chronic illness

8) Housewives, retirees, and students, who together constitute about
twenty percent of our sanples, do not contract air pollution-induced acute
illnesses. This assunption will tend to reduce the estimated inpact of air
pol lution upon |abor productivity.

9) Air pollution-induced chronic and acute illnesses are a constant
proportion of all illnesses. The effect of this assunption is unknown.

(conti nued)
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Table 6.1
(continued)

10) The quantity of preventive and ameliorative medical care an
i ndi vidual consumes is adequately measured by whether or not he has medica
insurance. This assunption has an unknown effect upon our estinates.

11) Relative air pollution concentrations across the U S. have been
fairly constant. This assunption has an unknown effect upon our estinmates
of air pollution-induced chronic illness.

12) When interviewed, the individuals in the sanple had no incentive
to bias their answers nor did they have difficulty accurately recalling
their personal medical histories of the previous twelve to sixteen nonths.
The effect of this assunption upon our estimates is unknown.

13) No individual who would otherw se have been included in the sanple
died between the tine for which information was to be gathered and the tine
of the interview In fact, about five percent of the potential respondents
died each year. The effect of this assunption is to reduce the effects of
air pollution upon Iabor productivity.

Esti mati on

14) Wth the available data, classical l|inear regression procedures
provi de consistent and unbiased estimates of the structure depicted in
Figure 6.1. The effect of this assunption upon our estimates i s unknown.

Aggr egati on

15) The response of the health state of each individual in the US to
any given change in anbient air pollution is a constant. The effect of this
assunption upon the calculation for the aggregate effect of air pollution
upon |abor productivity is unknown.

16) The response of the health state of every individual in the US.
to anbient air pollution changes is identical. The effect of this assunp-
tion upon the calculation for the aggregate effect of air pollution upon
| abor productivity is unknown.
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Table 6.2

Di stingui shing Features that Enhance the Cenerality of Results

1) The acute illness and chronic illness dose-response estimates used
to calculate the aggregate inpact of air pollution-induced norbidity upon
U.S. labor productivity are representative of estimates obtained from many
different independent sanples drawn fromthe same data set. |n effect,
substantial quasi-replication of the dose-response estimtes has been
per f or med.

2) The systemis estimted only for people who have always lived in
one state. W believe this restriction enhances the extent to which we
capture the effect of the history of air pollution exposures upon the chronic
il ness dose-response function.

3) Qur estimted expressions for wages and hours worked are very
simlar to those obtained by other econonists

4) W include nore information on life-styles and genetic and socia

endowrents than is usually included in dose-response expressions estinated
from epidem ol ogi cal data
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Table 6.3

Estinmated Expressions to be Used to Calculate the Effect of

Air Pollution-Induced Illness on Labor Productivity2
(1) 830 day years chronically ill = 2.980 + 0.554 (illness severity)** +
(0.035)
0.005(age in years) + 0.013(years of school) - 0.044(father's years of
(0.004) (0.029) (0.037)
school) - 0.069(poor when growi ng up) + 0.072(Caucasoid) + 0.139(mal e)
(0.103) (0.488) (0.114)
- 0.902(diet adequacy) - 0.454(has medical insurance)* - 1.645(works
(0.975) (0.129) (0.575)
in chemcals/netals industries)b + 0.0028(nmean total suspended
(0.0011)

particul ates)*

RZ = 0.525: S.E. = 0.964; F(11,388) = 38.920

(2) Annual hours acutely ill = 165,208 + 39.52(years chronically ill)*
(13. 34)

-1.421(age in years) - 16.92(nale) - 0.086(cigarette expenditures) -
(1.312) (39.16) (0.118)

78.47(gets strenuous exercise)* - 0.105(di et adequacy)* - 38.44(degree
(40.11) (0.033) (13.26)

of risk aversion)* + 187.70(has nedical insurance)** - 85.56(works in

(47.47) (191. 20)

chem cal s/netals industries) + 0.623(nmean total suspended particul ates)*

(0. 317)
R%Z = 0.195 S.E. = 204.462; F(10,389) = 5.721

(3) Wage in cents = -132.318 - 25.930(years chronically ill)* + 24.070(years

(14. 440) (8.578)
of school)* + 15.370(illness severity) + 26.880(famly size)* + 42.380

(18. 260) (6.079) (6.138)
(cost-of-living)* = 52.950(years on current job)* - 7.163(often late

(22.130) (33.88)
for work) + 66.090(union nenmber)* + 47.60(Caucasi od)

(34.580) (34.22)
R2 = 0.408; S.E = 258.908; F(11,388) = 24.28.

(continued)
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Table 6.3
(continued)

(4) Annual hours worked = 1266.68 - 163.90(years chronically ill)* + 0.354

(27.22) (0.130)
(wage in cents)* + 44, 26(famly size)* + 519.80(nale)* - 0.272(dollars
(16.68) (80.27) (0.022)
O transfer income)* + 23.06(cost-of-living) - 0.074(annual hours
(15. 20) (0.031)

acutely ill)*

R2 = 0.551; S.E. = 663.196; F(6,393) = 80.41.

8FExact variable definitions are available in Table 5.1.

bThe number of people in these industries was too small for this coefficient
to be neani ngfu

*Statistically significant at the 0.05 level of the one-tailed t-test.

**Statistically significant at the 0.05 level of the two-tailed t-test.
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the standard deviation of these exposures was 30 ug/mB, Throughout this
study, total suspended particul ate neasures have been highly correl ated
with other air pollutants so that total suspended particul ates probably
serve as an adequate proxy for all air pollution. Further assume that the
national urban population is approximately 150 x 10 people, each of whom
is or wll be a famly head. After age 20, each of these fam |y heads has
a life-span of 50 years and any air pollution-induced chronic illnesses he
contracts are distributed rectangularly over the 50 years. The earnings he
| oses due to the presence of an acute or chronic illness do not vary over
the years. Gven these and earlier assunptions, a 60 percent reduction in
air pollution would, in June 1978 dollars, increase the value of 1970

U S. labor productivity by the anmounts shown in Table 6.4. Mst of the
gain would accrue due to reductions in air pollution-induced chronic illness.

It nust be strongly enphasized that the nmagnitudes exhibited in Table
6.4 are extrenely sensitive to the assunptions we have made. Neverthel ess,
given any reasonabl e set of assunptions about air pollution exposures, size
of the population exposed, etc., the estimtes of |abor productivity gains
in Table 6.4 are nuch larger than previous estimates of all types of annua
gains fromair pollution control in the United States. No gains in |abor
productivity, via reductions in air pollution-induced health effects, have
previously been developed. It thus appears that the econonic gains from
the norbidity effects of air pollution control have been greatly under-
val ued, perhaps because nost prior research efforts have concentrated upon
nortality rather than norbidity.

A more conservative but equally tenuous way of calculating the effects
in Table 6.4 mght proceed as follows. Assune that the 75 percent, or 112
x 10% million people of the 150 x 106 urban popul ation are 16 years or
older. At age 16, each of these adults has a |ifespan of 56 years and any
air pollution-induced chronic illnesses he contracts are distributed rectan-
gularly over the 56 years. The annual earnings he loses due to the presence
of an acute or chronic illness do not vary over the 56 years. |f the nedian
househol d size is 2.0, there are then 56.25 x 106 urban househol d heads.
There is thus a $160.88 x 109 = ($2.86) (56.25 x 10%) gain in the |abor
productivity for household heads froma one unit reduction in air pollution.

[f two-thirds of the household heads are married, if 35 percent of
these househol ds have working wives, and if working wves earn 60 percent as
much as their male counterparts, there would then be a $22.58 x 106 =
($2.86) (0.6) (13.13 x 100) gain in the labor productivity of working wives.

If the value of household services provided by all househol d nenbers
in each urban household is 40 percent of the household head, there would
then be a $64.35 x 106 = ($2.86)(0.4) (56.25 x 106) gain in the househol d
| abor productivity of all wurban households. Adding the results for house-
hol d heads, working wives, and household | abor, we obtain a $247.81 x 106
gain in labor productivity for a one unit reduction in air pollution. A 60
percent reduction in 1970 air pollution would then, in August 1978 dollars,
i ncrease the value of 1970 urban |abor productivity by $25 x 102 dol | ars.
This is a "best" estimate. Its upper and |ower bounds are, respectively
$34 x 102 and $16 x 109. If one performs these identical calculations in
precisely the sane fashion for a 1977 U.S. total popul ation of 216.1 x 106,
one obtains a "best" estimate of $36 x 109,
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Table 6.4

Estimated Per Capita Aggregate Gains in 1970 U.S. Labor Productivity Due to
a 60 Percent Reduction in Air Pollution

(June 1978 Dol l ars)

Per

Capita Aggregate
Lower Bound $189. 50 28,426 x 10°
"Best” Estimate  $288. 29 43,243 x 10°
Upper Bound $387. 07 58, 061 x 106

161



REFERENCES

Becker, GS., "A Theory of the Alocation of Time," Econonic Journal 75
(September 1965), 493-517.

Blunguist, G, "Value of Life: [Inplications of Autonobile Seat Belt Use,”
Unpubl i shed, March 1977.

Conley, B., "The Value of Human Life in the Demand for Human Safety,"”
Aneri can Econonic Review 66, (March 1976), 45-57.

Crocker, T.D. and Horst, RL, Jr., Oxidant Air Pollution and Wrk Perfornance
of Ctrus Harvest Labor, Research Triangle Park, N C: USEPA
Publ i cation, 600/5-77-013 (Septenber 1977).

Cropper, ML., "Health, Investment in Health, and Qccupational Choice,"
Journal of Political Econony 85 (December 1977), 1273-1294.

Engel, GL., "The Need for a New Medical Mdel: A Challenge for Bionedicine,"”
Science, (1977), 129-136.

G ossman, M, "On the Concept of Health Capital and the Demand for Health,"
Journal of Political Econony 80 (March/April 1972), 223-255.

Gossman, M, and Benham L., "Health, Hours, and Wages," in M Perlnan,
(ed.), The Economcs of Health and Medical Care, New York: Hal stead
Press (1973), 205-233.

G ossman, M, "The Correlation between Health and Schooling," in NE
Terl eckyj (ed.), Household Production and Consunption, New York:
Col unbia University Press (1975), 147-211.

Hanushek, E. A, and Qigley, J.M, "Inplicit Investment Profiles and Inter-
tenporal Adjustments of Relative \Wges," American Econonic Revi ew 68
(March 1978), 67-79.

H ppocrates, 460-377 B.C., "On Airs, Waters, and Places," in F. Adams, (ed.),
The Genuine Works of Hi ppocrates, Baltinore (1939).

Kneese, A. V., and Schulze, W, "Environnent, Health and Econom cs - The
Case of Cancer," Anerican Econonic Review 67, (February 1977), 26-32.

Kmenta, J., Elenments of Econonetrics, New York: Macmillan Publishing
Conpany (1971).

Lave, L. and Seskin, E., Air Pollution and Human Health, Baltinore: Johns
Hopkins Press (1977)

Lazear, E., "Age, Experience, and Wage Gowth," The American Econonic Review
66 (Septenber 1976), 548-558.

162



Marquis, K H, Record Check Validity of Survey Responses: A Reassessnent
of Biases in Reports of Hospitalizations, Report R-2319-HEW Santa
Monica, California: The Rand Corp. (Muy 1978).

McCarthy, MD., "Notes on the Selection of Instrunents for Two Stage Least
Squares and K O ass Type Estimators of Large Mddels," Southern Econonic

Journal, (January 1971), 251-259.

Mncer, J., "The Distribution of Labor Inconmes: A Survey wth Special
Reference to the Human Capital Approach,” Journal of Econonmic Liter-
ature 8 (March 1970), 1-26.

Mshan, E. J., "Evaluation of Life and Linb: A Theoretical Approach,”
Journal of Political Econony, Vol. 79, (Decenber 1971).

Nati onal Acadeny of Science, Ntrates: An Environnental Assessnent,
Environnental Studies Board, NAS, Washington, D.C, 1978.

Schwing, R C. and MDonald, G C, "Measures of Association of Some Air
Pol lutants, Natural lonizing Radiation and G garette Smoking with
Mrtality Rates,"” presented to the International Synposium on Recent
Advances in the Assessnent of the Health Effects of Environmental
Pol lution, Paris, France (June 1974).

Schultz, T.P., The Estimation of Labor Supply Functions for Secondary
Workers, Report R-1265-NlH EDA, Santa Mnica, California: The Rand
Corporation (February 1975).

Selvin, HC and A Stuart, "Data-Dredging Procedures in Survey Analysis,"
The Anerican Statistician 20 (1966), 20-23.

Smith, R, "The Feasibility of an 'Injury Tax' Approach to Cccupational
Safety," Law and Contenporary Probl ens, (Summer-Autum, 1974).

Stigler, GJ., "lInmperfections in the Capital Mrkets," Journal of Political
Econony 75 (June 1967) 291.

Survey Research Center, University of M chigan, Experinents in Interview ng
Techni ques: Fiel d Experinments in Health Reporting, 1971-1977,
Washington, D.C." USDHEW Publication No. (HRA) 78-3204 (Nov. 1977).

Survey Research Center, A Panel Study of Income Dynamics: Study Design,
Procedures, Available Data, Ann Arbor: Institute for Social Research,
University of Mchigan (1972a).

Syne, S.L. and Berkman; L.E., "Social COass, Susceptibility and Sickness,"
Armeri can Journal of Epidem ol ogy 104 (1976), 1-8.

Thaler, R and Rosen, S., "The Value of Saving a Life: Evidence fromthe
Labor Market," in N E Terleckyj, (ed.), Household Production and
Consunption, New York: Colunbia University Press (1975), 265-297.

163



Waddel |, T.E., The Econom ¢ Damages, of Air Pollution, Wshington, D.C.:
Soci oeconom ¢ Environnmental Studies Series, USEPA (1974).

Wallace, T.D., "Present Estimation in Regression: A Survey," American
Journal of Agricultural Economics 59 (August 1977), 431-443.

164



TECHNICAL REPORT DATA

(Please read Instructions on the reverse before completing)

1. REPORT NO.

EPA-600/5-79-001a

2.

3. RECIPIENT'S ACCESSION NO.

4 TITLE AND SUBTITLE mathods Development for Assessing Air
Pollution Control Benefits: Volume I, Experiments in
the Economics of Air Pollution Epidemiology

5. REPORT DATE

February 1979

6. PERFORMING ORGANIZATION CODE

7. AUTHORI(S)
Thomas D. Crocker, William D. Schulze, Shaul Ben-David,
and Allen V. Kneese

8. PERFORMING ORGANIZATION REPORT NO.

F9. PERFORMING ORGANIZATION NAME AND ADDRESS
University of Wyoming
Laramie, Wyoming 82071

10. PROGRAM ELEMENT NO.

1HA616 and 630

11. CONTRACT/GRANT NO.

R805059-01

12. SPONSORING AGENCY NAME AND ADDRESS

Office of Health and Ecological Effects
Office of Research and Development

U.S. Environmental Protection Agency
Washington, DC 20460

13. TYPE OF REPORT AND PERIOD COVERED

Interim Final, 10/76-10/78

14. SPONSORING AGENCY CODE

EPA-600/18

15. SUPPLEMENTARY NOTES

16. ABSTRACT

due to air pollution-induced mortality and morbidity.

air pollution and other factors.

and particulates in air and between early infant disease
pollution.
The morbidity work employed data on the generalized

the bulk of the dose-response expressions estimated, air
significantly associated with increased time being spent

time.

rates is about an order of magnitude lower than some other estimates.
rather small but important associations are found between pneumonia and bronchitis

and budget allocations of a nationwide sample of individual heads of household.

This volume employs the analytical and empirical methods of economics to develop
hypotheses on disease etiologies and to value labor productivity and consumer losses

In the mortality work, 1970 city-wide mortality rates for major disease
catagories have been statistically associated with aggregate data from sixty U.S.
cities on physicians per captia, per capita cigarette consumption, dietary habits,
The estimated effect of air pollution on mortality

Nevertheless,
and sulfur dioxide air

health states and the time
For
pollution appears to be

acutely or chronically ill.

Air pollution, in addition, appears to influence labor productivity, where the
reduction in productivity is measured by the earnings lost due to reductions in work-

17.

KEY WORDS AND DOCUMENT ANALYSIS

a. DESCRIPTORS

b.IDENTI{FIERS/OPEN ENDED TERMS

c. cosAT! Field/Group

Economic analysis
Air poilution
Epidemiology
Public health

Economic benefits of
pellution control

13B

18. DISTRIBUTION STATEMENT

Release unlimited Unclassified

9. SECURITY CLASS (This Report]

21. NO. OF PAGES

175

Unclassified

20. SECURITY CLASS (7his page)

22. PRICE

EPA Form 2220-1 (9-73)
2U.S. GOVERNMENT PRINTING OFFICE:1979  620-007/3769 1-3




	EE-0271A-01
	EE-0271A-02
	EE-0271A-03
	EE-0271A-04
	EE-0271A-05

