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ABSTRACT

The six studies contained in this volune all aimto increase our
understanding of the health benefits of air pollution control. However,
the link between air pollution and human heal th remains problenatic.

One approach to determne such effects is to analyze data on human
health affects taken from the real world, uncontrolled, environment and
hope that careful statistical analysis will allow one to account for all
of the inportant factors affecting human health so that an unbiased
estimate of the effect of air pollution can be determned. This
approach is the principal focus of this volune

The first two studies attenpt to determne the relationship between
air pollution and nortality. Three of the studies examne norbidity

In summary, the five statistical studies presented in this volune
show. (1) large associations between health and current levels of air
pol lution are not robust with respect to statistical nodel specification
either for nortality or norbidity and (2) significant relationships,
mostly small, do occasionally appear. However it should not be
overlooked in light of the rather ambiguous evidence presented in this
volume, that all studies to date have only looked for health affects
associated with current air pollution exposures, not at any possible
associ ation between current health effects and past long term cumulative
air pollution exposures

The final study of this volume attenpts to define the type of data
whi ch m ght resolve controversies over the magnitude of air pollution
health affects.
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CHAPTER |
| NTRODUCTI ON

The six studies contained in this volune all aimto increase our
understanding of the health benefits of air pollution control. The
calculation of health benefits requires both an understanding of how people
themsel ves value health in dollar terms (neasured by the willingness to pay
concept) and an understanding of air pollution induced health effects.
Progress has been made with respect to the forner problem  However, the link
between air pollution and human health remains problematic. Tw approaches
are available for determning the health effects of air pollution. First,
ani mal experinents or, rarely, human experinentation can provide direct
evidence in a controlled situation. The second approach is to analyze data on
human health effects taken fromthe real world, uncontrolled, environment and
hope that careful statistical analysis will allow one to account for all of
the inportant factors determining human health so that an unbiased estinate of
the effect of air pollution can be determined. This latter approach is the
principal focus of this vol une.

The first three studies attenpt to deternmine the relationship between air
pollution and nortality. Chapter 2 exam nes evidence from data on aggregate
nortality rates in sixty US. cities and points out the extraordinary
difficulty in obtaining a stable, robust statistical relationship between
current air pollution levels and current nortality rates. The conventiona
wi sdom holds that a large positive relationship exists between particulate in
air and nortality. In Chapter 2, it is denonstrated that this relationship is
hi ghly unstabl e depending onspecification of the statistical nodel used in
the analysis. Chapter 3 attenpts, using a small sanple of data on individual
ages at death taken from the Survey on Incone Dynamics (1972), to see if, by
using disaggregate information on individuals, a nore stable and convincing
relationship can be obtained. In this snall sanple of individuals, no
significant statistical relationship is obtained between current air pollution
| evel s and |ongevity.



Three of the studies examine norbidity. Chapter 4 focuses on chronic

illness while Chapter 5 focuses on acute illness, where both studies use
Survey on Income Dynamics data and data on current air pollution levels. The
rel ationship between chronic illness and air pollution is shown to be

potentially large but again very sensitive to nmodel specification. Since
little a priori know edge is available on appropriate nodel specification, it
is inpossible to choose between a specification which yields a large inpact
and one which yields no significant inpact. The study of acute health inpacts
shows, using a particular specification, a small relationship of margina
statistical significance between sulfur oxide and |ost work days. Chapter 6
uses an excellent and highly detailed data set on twins collected by the
National Acadeny of Sciences [Hrubec and Neel (1978)1. O the studies
relating to nortality, this one has perhaps the best data and should be
capable of detecting even small effects. In fact, a positive but snall
statistical relationship is shown between air pollution and synptons of

cardi ovascul ar disease such as chest pain. However, the relationship to
coronary heart attack is also both quite small and not as strong

In summary, the five statistical studies presented in this volume show
(1) large associations between health and current levels of air pollution are
not robust with respect to statistical nodel specification either for
nortality or morbidity; and (2) statistically significant relationships,
nostly small, do occasionally appear.

The final study of this volume, Chapter 7, attenpts to define the type of
data which night resolve controversies over the magnitude of air pollution
health affects. The principal conclusion is that, before a very expensive
primary data collection effort is undertaken, it would be better to continue
statistical nodeling of human health effects working with existing data sets
some of which are of fairly high quality. However, all work of this sort
should henceforth be built upon explicit physiological and econom c nodels
that specify the parameter space. These results can then be used to guide the
specification of future primary data collection efforts

As a final remark which should not be overlooked in light of the rather
anmbi guous evi dence presented in this volune, all studies to date have only
| ooked for health effects associated with current air pollution exposures, not
at any possi bl e association between current health effects and long term
cumul ative air pollution exposures. Thus, it is premature to draw any fina
concl usi ons based on existing epidemiological evi dence concerning human heal th
and air pollution exposures
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CHAPTER 1|

WHAT HAVE VE LEARNED FROM AGGREGATE DATA ABOQUT THE
BENEFI TS OF AR POLLUTI ON CONTROL?

[ NTRODUCTI ON

According to conventional w sdom the main benefit of environnental
regulation is inmproved health. Thus, research into the benefits of air
pol lution control has sought primarily to determne the extent to which
norbidity and nmortality rates decline when air quality inproves. Gven a
know edge of this relationship, benefits of air pollution regulations can be
estimated using the economc analysis of safety programs devel oped by such
investigators as Mshan (1971), Thaler and Rosen (1975), Smith (1974), and
Conley (1976). The conceptual framework devel oped by these authors val ues
smal | changes in risk using a willingness to pay measure, rather than the |ost
productivity (or earnings) from early death, and therefore avoids the numerous
theoretical problens associated with the latter approach. However, the
distinction between these two approaches to benefit estination reaches far
beyond purely theoretical considerations. For simlar safety prograns,
estimates based upon willingness to pay measures are about ten times higher
than those based upon productivity changes.

Al t hough progress has been made in valuing the benefits of inproved
health, the nortality effects of air pollution are less well understood, in
spite of the clainms of several statistical studies that a clear |inkage
exists. This paper argues that extraordinary difficulties are present in
statistical epidemology which have yet to be resolved. These difficulties
arise in part because of problens in obtaining desirable data. Potenti al
sources of information include first, controlled experinental data from either
animal experiments or clinical trials and second, uncontrolled data on hunan
health and exposures in the real world.



Of course, econonists have been quick to recognize the simlarity of this
| atter epidemiological problem to many in economcs which have been studied
using statistical tools such as regression analysis. Use of ordinary |east
squares to attenpt to account for uncontrolled factors and isolate the
i ndependent contribution of air pollution to human nortality has become quite
popul ar [see work by Lave and Seskin (1977), MDonal d and Schwing (1973),
Kneese and Schulze (1977), Crocker, sSchulze et al. (1980)1. However, with
only a few exceptidons, these studies have been unsophisticated in their
application of econometric methods and have failed to |l ook for, or cope with,
a variety of potentially serious statistical problens.

The plan of the paper is to list a few of these problens in the next
section and then to show how these problens can significantly affect estinated
effects of air pollution on health using a data set consisting of mortglity
rates, air pollution levels and other variables for sixty US. citiés
Comments on policy inplications are made in the conclusion.

STATI STI CAL  PRCBLEMS

The aimof this section is to outline sonme of the major statistica
research problens that remain to be overcome in estimating the inpact of air
pol lution on human health. These problens arise |argely because the process
by which air pollution affects health is not yet conpletely understood. As a
result, any statistical specification of this relationship for the purpose of
regression analysis is subject both to uncertainty and question. Mbst
importantly, since the true nodel is not known with any degree of precision,
the power of classical tests of hypotheses regarding the role of air pollution
in causing illness or premature death is greatly dimnished. To at |east some
extent, statisticians have faced difficulties of this general nature in
virtually all areas of investigation. However, inportant environnental
managenent decisions regarding air pollution control have been based, in part,
upon regression equations where snall changes innpodel specification appear to
produce conparatively large changes in inplications

Because theoretical know edge regarding the connection between air pollu-
tion and health is so inadequate, enpirical efforts to identify this relation-
ship nust be interpreted with caution. Intuitively, there are at least three
i nportant types of specification errorthat should be thoroughly investigated
prior to accepting present estimates for policy purposes: (1) errors



infunctional form (2) omtted variables, and (3) simultaneity. Clearly,
these problens are not an exhaustive list of statistical difficulties in air
pol lution epidenmology research. Nevertheless, as will be argued momentarily,
they do appear to lie at the root of many of the conflicting sets of estimtes
that have been obtained by other investigations. Each of these three problens
will now be considered in turn.”

Economi ¢ and epidemiological theory provides few insights into the nost
appropriate functional formfor a regression equation used to neasure the
i npact of changes in air quality on human health. This situation is rather
unfortunate since the true relationship between health and its deternminants
may be strongly non-linear. For exanple, the health consequences of changes
in variables such as cigarette snmoking, protein consunption, as well as air
pol lutants are likely to depend not only on the magnitude of the change, but
al so upon the levels of the variables thenselves. Yet little is known about
exactly how to specify these functional relationships. The issue of correct
function formis inportant because benefit estinmates are frequently obtained
from sinple equations where a nortality rate (or its natural |ogarithm has
been regressed on air pollution neasures together with other explanatory var-
iables (or their natural |ogarithns). In particular, these regressions are
used to obtain the desired benefit estinmates by naking hypothetical changes in
the air quality variables and then noting the effect on the health measure.
Qobviously, benefit estimates obtained by this procedure nmay be seriously
bi ased unless these sinple linear or log-linear functional specifications are
accurate to a useful degree of approximation.

A second inportant consequence of the lack of information on the true air
qual ity-health relationship involves the issue of omtted variables. As Theil
(1957) has shown, the error of mistakenly excluding variables from an
otherwi se correctly specified regression equation causes the estinmated coeffi-
cients on all remaining included regressors to be biased and inconsistent.

This issue is not unique to statistical work in the area under study; however,
it seems particularly critical here because of apparent conflicts over the
enpirical determnants of nortality. On the one hand, previous investigations
have shown significant adverse health effects resulting from cigarette smoking
and certain dietary habits. Nevertheless, when Smith (1975) anal yzed thirty-
two possible specifications of a regression equation (which are sinmilar to
those used by Lave and Seskin (1973)) where the dependent variable was the
rate of nortality by SMBA and the explanatory variables were selected from
anong: (1) median age, (2) percent non-white, (3) population density, (4)
tenperature, and (5) particulate, little evidence of an omtted variables
probl em was found to be present. The RESET test, devised by Ransey (1974),
rejected the null hypothesis of a zero nean vector for the disturbance in only
five of the thirty-two cases, while the RASET test failed to reject this null



hypothesis in all cases. Because these tests were performed at the 10%level
of significance and because their results may be unique to the particular data
set enployed, the appropriate role for other intuitively relevant variables in
nortality rate estimating equations legitimately remains the subject of

debat e. Nevert hel ess, these results do |end support to the Lave and Seskin
estimates of the inpact of air pollution on health in the face of charges by
other investigators, including Crocker, Schulze et al. (1979) , that they have
onmtted key nortality determnants

Third, even though the results of Smith's RASET and RESET tests argue to
the contrary, the estimation of an appropriately specified air pollution and
health relationship may require the use of sinultaneous equation estimation
met hods.  Human deci sion-making nmay cause the link between these two classes
of variables to be considerably nore conplex than can be captured by a single
equation. As an illustration, suppose that increases in nedical care are
effective in reducing nortality but that nortality rates exert an influence
over where nedical doctors and others in the health care field choose to
locate. In this situation, a medical care variable should be included as an
expl anatory variable in a regression equation to explain the variation in nor-
tality rates. Sinple ordinary |east squares estination, however, may lead to
bi ased and inconsistent estimates of all regression coefficients since the
medi cal care variable would be correlated with the disturbance term even if
the nunber of observations were arbitrarily large. A sinultaneous equations
estimtion technique would be nore appropriate in order to explicitly handle
the problens created by this correlation.

In addition to the three factors just discussed, two |less tractable, but
no less inportant, research problens should be mentioned. First, as discussed
by MDonald and Schwing (1973) the variables used to neasure air pollutants
are often highly correlated with other explanatory variables. Because these
pol lutants are generated as joint products, in nost cases, with other goods
produced by the econonmic system this situation should not be surprising. If
the |inear association between explanatory variables is high, separating the
i ndependent contribution of each to explaining the variation in nortality
rates beconmes difficult. MDonald and Schwing proposed a ridge regression
estimator as a means of circunmventing this problem Ridge regression nethods,
however, are not entirely defensible as they represent a rather arbitrary,
purely statistical solution to the multicollinearity problem and introduce a
bias into the coefficient estimates that woul d not otherwi se be present. (For
a nore conplete critique of ridge regression procedures, see Smth and
Campbel I, 1980 together with various rejoiners to their paper.) Second
regression nodels are not highly sensitive and sophisticated research tools,
particularly when the data used to estimate them contain nmeasurenent error.
“Such nodels may represent the best statistical tools available to socia



scientists. Nevertheless, they may not be up to the task of discerning the
effect of air pollution on health when, in a correctly specified equation,
ot her explanatory variables may be of much greater inportance.

AN EXAMPLE

In this section, two tentative statistical nodels are presented in order
to illustrate the importance of the problems relating to onmitted variables and
sinmultaneity that were raised in the previous section. | ssues relating to
such matters as the choice of functional form and multicollinearity are not
explicitly treated here, although they are certainly not less critical sub-
jects for analysis. The first of these nodels, both of which are estimated
using aggregate data on total nortality rates and other variables from sixty
U S cities, is specified in the equation shown bel ow

MORT = £(NONW, MAGE, DENS, S02X, PART, N02X) (1)

The exact definitions of all variables appearing in this equation, which are
simlar to those used by Smith and Lave and Seskin, are presented in Table 1.
In Equation (I), variations in total nortality rates (MORT) are expl ai ned
using variables neasuring percent non-white (NONW), nedian age (MAGE), tenper-
ature (COLD), as well as the air pollutants (S02X, PART, and N02X). Ordinary
| east squares (OLS) estimates of this equation are presented in the colum

| abel ed 1 of Table 1 and t-statistics are presented beneath each coefficient
estimate. These findings suggest that SMSAS with nore ol der age residents,
more non-whites, and higher air pollution levels (especially in the form of
particul ate) have, in a statistical sense, significantly higher nortality
rates at the 5% level. Examining only this equation, then, leads to the con-
clusion that air pollution kills people and that appropriate public policy
measures shoul d be taken to mtigate this hazard.

Rather different conclusions, however, are obtained fromthe statistica
estimtes of the second nodel. This nmodel is specified in Equations (2) and
(3) and the exact definitions of all variables appearing there are given in
Table 1.

MORT = g(MDPC, NONW, MAGE, DENS, COLD, CIGS, PROT, CARB, (2)
SFAT, S02X, PART, ¥02X)

MDPC = h(MORT, INCM, EDUC, S02X, PART, NO2X) (3)

Essentially, this structure builds upon Equation (I). Equation (2) explains
variations in MORT using variables including NONW, MAGE, and DENS, as well as
S02X, PART, and NO2X. But in addition, Equation (2) also allows explicitly
for the possibility that nortality rates are affected by cold tenperatures



Table 2. 1
DESCRI PTI ON OF DATA AND EMPI RI CAL ESTI MATES

Description of Dat a Empirical Estimates (t-stat in parenthesis)
Variable Year  Units Mean s |NORT @) MORT (2 mpPcC (3) MORT (4)
MORT Total Mortality* 1970 Deaths/1000 11.283 2. 16} (5. gé%
1.
MDPC Medical Doctors per 1970 Mps/100,000 162. 8 54,2 -. 087
Capita® (-5.764)
NONW Nonwhite Population 1969 Fraction . 226 L1041 2.997 9.996 . 2.349
o |2.403) | (6.339) " {2.365)
MAGE Median Age of Population 1969 Years 28. 82 2.7h 573 . 189 . 020
(8.665) | (i3.617) (11.510)
DENS Crowding in Homes 1969 % > 1.5 022 0.013 [12.9k0 L9. 795 18.217
persons/room (.881) (3.934) (1 .447)
COLD Cold Weather 1972 # days temp 86.9 47.7 021 L0175
<0° ¢ (4. 468) (3.421)
CIGS Cigarette Consumption 1 908 packs/yr/cap 165.8 23.25 041 . 00034
(4.693) (.526)
PROT Animal Protein 1965 g/yr/cap 28, 178. 1,003.4 003 . 00047
Consumption (5.032) (1.466)
CARB Carbohydrate Consumption 1905 g/yr/cap 123,490. 3,023.0 -.0001 -, 00013
(-2, 366) (-).871]
SFAT Saturated Fatty Acids 1965 g/yr/cap 16,315, 976.3 .0016 -, 00068
(4.161) (-2.616)
INCM Median income . 1969 $/yr/house- 10,763. 1,060. . 00925 -.000747
hold (1.143) | (-5.003)
EDUC Education 1969 % > 20 YIS 55.3 1.4 (04 -. 028
(.616) (-.893)
SUZX" Sulfer Dioxide 1970 mg/m3 26. 92 22.2 .009 -. 908 .070 .00118
(1.059)_| (-4.594) (.192) (.141)
PART Suspended Particulate 1970 mg/m3 102.30 30. 1 .01l -.015 -. 51} . 000194
(2.006) | (-2.501) [(-2.085) (.0374)
NO2X Nitrogen Dioxide 1969 ppm 076 034 | V.436 T-11.081 }O87.228 5.h15
o7 | £2 332y | (-.381) | (1.238)
CONSTANT -7.719 131703 [15.969 7.290
Degrees of Freedom 53 L7 53 14
R? .692 - - - - .853
Estimation Method OLS 2SLS { 2SLS OLS

*Predicted values, MORT or MDPC, are employed if these variables are used as explanatory variables in an
estimated equation.




(COLD) and by such lifestyle factors as cigarette smoking (CIGS), and di et
(PROT, CARB, and SFAT), and by availability of medical care as neasured by
medi cal doctors (MDs) per capita (MDPC). Equation (3), then hypothesizes that
the location of MDs is determined by total nortality rates, SMSA incone (INCM)
and education (EDUC) levels as well as by the air quality variables

Equations (2) and. (3) are sinmultaneous in that variations in MORT are
determnned, in part, by variations in MDPC and vice-versa. Due to this fact,
and because under the order condition both equations appear to be identified,
two stage |east squares (2SLS) is used as an estimation method. The estimates
of these two structural equations are given in colums |abeled 2 and 3 of
Table 1. Wth the exception of the coefficients on the air pollution vari-
ables, estimates of the slope paraneters in Equation (1) possess signs that
might be expected on intuitive grounds. Increases in MDPC and in CARB con-
tribute significantly to reductions in nortality rates, while col der SMSAS
with nore ol der age residents, nore non-whites, nore crowded housing condi-
tions and where nore cigarettes are consunmed tend to have higher nortality
rates. These results suggest that holding constant the linear influence of
medi cal doctors per capita, lifestyle variables measuring such factors as
smoking and dietary habits exert a significant influence on total nortality
rates; a finding that is of interest since variables of this type were ignored
in specifying Equation (I). On the other hand, the statistically significant
but negative coefficients on the air pollution variables are rather more of a
puzzl e and cannot be conpletely explained. Nevertheless, a partial account of
why this anonal ous result has occurred will be offered momentarily. In the
meantime, consider the estimates of the slope paraneters of Equation (3).
According to these estinmates, all but one of which are not statistically sig-
nificant at conventional |evels, medical doctors apparently avoid locating in
SMBAS where particulate levels are high

Additional insights into these results can be obtained by examning the
estimates of the reduced form equation for MORT, which are shown in the colum
| abeled 4 of Table 1. As indicated in the table, these estimtes were ob-
tained by applying ordinary |east squares to an equation where MORT was speci -
fied to be a function of all exogenous variables in the structural nodel pre-
sented previously. There are two aspects of these estimtes that are particu-
larly worth noting. First, the estimates of the reduced form coefficients,
unlike the structural coefficients, do not hold constant the linear influence
of nedical care and are interpreted as total, rather than partial, deriva-
tives. In other words, the structural coefficients do not fully capture the
fact that nedical care may aneliorate the negative health effects of cigarette
smoking, cold weather, crowded living conditions, and so forth. This anelior-
ative effect can only be determned by comparing the reduced formto the
structural formcoefficients. As is evident, such a conparison reveal s that

10



the coefficients on the socioecononic and lifestyle variables are all smaller
in the reduced formthan in the structural form a result suggesting that sone
aneliorative effects of nedical care may indeed be present. Second, in the
reduced formnortality equation, the coefficients on the air pollution
variables are positive. How can this result be explained? Although increased
medi cal care woul d appear to reduce total nortality rates, doctors, according
to the structural equation estimates, prefer not to live in polluted areas.
Consequently, the reduced form coefficients, which take this behavior into
account, are larger than their counterparts in the structural form This
observation, clearly, does not explain why the structural air pollution
coefficients are negative. However, it does suggest that reduced form
expressions will allow the net effects to be estimated.

CONCLUSI ON

Existing statistical work on the nortality effects of air pollution has
been interpreted to inply that control of stationary sources such as power
plants (which emt SO, and particulate) is justified while auto emi ssion
controls (particularly those for nitrogen oxides) are unjustified. These
conclusions may be unwarranted for two reasons. First, as shown in the
precedi ng section, the estinated effects of air pollution on hunan health are
highly sensitive to nodel specification. Wth little orno a priori
theoretical rationale for choosing one specification over another, a
determination of the true health effects of air pollution is inpossible.
Future research, with primary data that is both collected specifically for the
pur pose of analyzing the health effects of air pollution and aimed at coping
with the kinds of statistical problens identified here, may provide nore
convincing estimates. At the present tine, however, relatively little is
known about the effects of long termlowlevel air pollution exposures on
human nortality; certainly not enough to nake benefit projections for policy
pur poses.

Second, the really inportant benefits from air pollution control
my actually 1lie in the non-health area. For exanpl e, a recent
study of the Los Angeles basin suggested that a 30% reduction in
ambient pollution levels (principally nitrogen oxides and related oxidant)
woul d be worth nearly one billion dollars per year to local residents
(Brookshire et al. 1980). This study, using both a traditional hedonic
property val ue study and survey questionnaires, concluded that a major
fraction of perceived benefits was derived fromthe aesthetic (visibility,
and quality of life) benefits of reduced air pollution. Sinmlarly, studies of
the benefits of air pollution control in recreation areas such as the national
par kl ands of the sout hwest suggest that visibility and related non-health
benefits are of principle concern. Wiile supposed effects of air
pollution on human nortality provide decisionmakers wth an easy
justification for control policies (often on ethical rather than
econom ¢ grounds), econonmists ought to be concerned with all sources of
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benefits from pollution control on efficiency grounds. Serious doubt over the
health effects of air pollution inplies that |ess enphasis should be placed on
health effects in making policy decisions.
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CHAPTER 11
LONGEVI TY AND AIR POLLUTI ON
A STUDY BASED ON M CRO DATA

| NTRCDUCTI ON

The health effects of air pollution has been intensively studied and
di scussed by various scientists and researchers in the recent years. Many of
such studies have found statistically significant positive relationships
between air pollution and norbidity [Fishelson and Grove (1978); Sterling, et
al. (1967) Sterling, et al. (1969)] as well as nortality [Kneese and Schulze
(1977); Koshal and Keshal (1974); Lave and Seskin (1977); Schwing and MDonal d
(1976)]. Lave and Seskin are anong the scientists who have conducted an
extensive research on the subject matter. The result of their three
consecutive studies, utilizing 1960, 61, and 69 aggregate data for severa
US cities, as well as an intensive review of the related studies appear in
the publication entitled Air Pollution and Human Health [Lave and Seskin
(1977)]. This publication strongly suggests that there exists a significant
positive relationship between air pollution and nortality. Schulze, et al.
have conducted simlar studies on the human health effects of air pollution
[Kneese and Schulze (1977)]. According to their nost recent study the health
effects of air pollution is indirect (US. Environmental Protection Agency
EPA600/579001a) . In this study Schulze, et al. suggest that air pollution is
one of the factors affecting the location decision by physicians, in the sense
that doctors consider air pollution a disanenity, hence avoid polluted areas
if possible. Furthermore, they reason that the supply of physicians
undoubtedly affects the nortality rate by decreasing the probability of a
premature death event occurring in cases of energency, and/or increasing
| ongevity through providing health services. The study reasons that if air
pol lution discourages physicians fromlocating in a specific area, and if
scarcity of doctors increases the nortality rate, then excluding the supply of
doctors as an explanatory variable fromthe epidemiological nodel |eads to
observing a strong positive relationship between air pollution and nortality.
Schulze, et al. conclude that although air pollution adversely affects human
heal th, the strong positive relationship between air pollution and nortality,
as observed in the statistical studies, is msleading. [In other words the
health effect of unavailability of health services rendered by physicians may
dom nate the adverse health effects of air pollution.
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The Institute for Social Research of the University of Mchigan has
conducted a survey entitled A Panel Study of |Income Dynanics (from now on
referred to as the Mchigan Study) in which about 5000 famlies, chosen at
random from 50 states of the United States, have been interviewed from 1968-
1976 [Institute for Social Research (1977)]. The Mchigan Study has
interviewed the fanmlies in the sanple on an annual basis and has collected
numerous informatio,such as age, sex, race, state and county of residence at
the tinme of the interview as well as childhood, parent’s economc status and
education, current and previous enploynent, distance to work, driving habits,
incone, education, life style, eating habits, health insurance, illness,
physical condition, and several other relevant facts for the head of each
famly. During the survey period, the head of some of the fanmilies in the
sanpl e has died (or separated, or otherw se noved away) , and hence a
sub-sanple in the Mchigan Study is created. This sub-sanple (and hence the
M chigan Study) provides an excellent chance of exam ning the possible
relationship between air pollution and |ongevity. The Michigan Study provides
detailed information about the length of life, background variables (such as
the race and sex of the sanple nmenmber, and the parent’s econonic condition
when the sanple nenber was growing up) , current variables (such as the size of
the city of residence at the time of interview, distance to work, education
per capita cigarette and al cohol consunption), and health variables (Ssuch as
i nsurance coverage, illness history, annual income and quality of air). A
great deal of this information is difficult to acquire under norna
circunstances. The present study utilizes the aforenmentioned sub-sanple of
the Mchigan Study to investigate the possible relationship between air
pol lution and | ongevity.

DESCRI PTI ON OF DATA

The M chigan Study provides a wi de range of information about the head of
the fanilies in the sanple who have died during the survey period, 19681976.
The sub-sanple, the set of interviewees who have died during the
aforementioned tine period, consists of 568 observations. Fromnow on the
af orementi oned sub-sanple of the Mchigan Study is the focus of attention. The
M chigan Study has not attenpted to explore the cause of death for the sanple
menbers.  Using the information conpiled in the Mchigan Study, it is possible
to establish a statistical relationship between the age at death and severa
rel evant variables that may fall into three broad categories:

1) background variables: such as the race and sex of the sanple
menber, and the parent’s econom c condition when the sanple
menber was grow ng up;

2) current variables: such as the size of the city of residence at
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the tine of interview, distance to work education, per capita
cigarette and al cohol consunption;

3)and health vari abl es: such as insurance coverage, illness
hi story, annual incone, and quality of air.

In order to inplement such a study, it was felt necessary to | ook closely into
the data set. It was soon realized that the data set as it stood was not
suitable for a neaningful statistical analysis. It was observed that age,
race, sex, city size as well as state and county of residence when the sanple
menber was growing up, to mention only a few variables, changes several tines
for most of the sanple menbers. Following a careful investigation of the data
set the reason for such a disturbing occurrence was discovered. The following
exanpl e should shed light into the source of this problem  Suppose M. X has
been the head of a fam |y and has been interviewed from 1968 through 1970 as
one of the sample menbers of the Mchigan Study. Suppose M. X dies in 1970
and Ms. Y replaces him  From 1971 no nore information is collected for M. X
and all variables pertaining to M. X takes on a zero value for the remainder
of the survey period. Ms. Y has not been interviewed as the head of this
particular famly for the years 1968 through 1970, hence no information about
Ms. Y is available for this tine period. Information collected for M. X for
the years 1968 through 1970 is assigned to Ms. Y. From 1971 onward, in-
formation about Ms. Y is properly collected. So far two observations have
been created fromonly one head of the famly, M. X One observation CON-
tains informati on about M. X alone from 1968 through 1970, another observa-
tion contains infornmation about M. X from 1968 through 1970 and infornation
about Ms. Y from 1971 onwards. Now suppose Ms. Y dies in 1972 and M. Z
takes on her responsibility as the head of the famly from 1973. According to
the procedures adopted by the Mchigan Study, no nore information about Ms. Y
is conpiled and the variables pertaining to Ms. Y takes on a zero value for
the remai nder of the survey period. In the meantine a new observation is
created, namely M. Z, which contains information about M. X for the years
1968 through 1970, information about Ms. Y for the years 1971 through 1972,
and information for M. Z for the years 1973 to the year he died. If M. Z
dies before 1976 and is replaced by, say, Mss W then yet another observation
is created which would contain information about M. X, Ms. Y, M. Z and M ss
W. Theoretically speaking, one observation could have information about nine
different individuals. If the individuals in one observation are numbered
froml to 9, then information about individual #1 could appear nine tines in
the data set, eight times for individual #2, seven tinmes for individual #3,

., and once for the individual #9. Wrking with such a data set could
provide msleading results. Cbviously, before any reliable statistical study
coul d be conducted, the data set had to be cleaned up and a procedure need be
adopted to conpile a new data set such that the infornmation for each
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i ndi vidual appears only once in the data set. One of the possible solutions
to the existing problemis to deternmine the year in which the sanple nenber
has died and then choose the value of the relevant variables at the year of
death. Accordingly, a data set may be created which would have 568

i ndependent observations with no repetition. There exist two major difficul-
ties with this procedure:

1) Not all the variables that reveal inportant information have been
asked during the entire nine years of the survey period. For
instance, the question “whether or not the interviewee has been
di sabl ed” has been asked only in 1968 and 1976. The question
“whet her or not he has had a disabling illness in the past” has
been asked only in 1968. The question about the trend of disability
has been asked in the years 1970 through 1975. The question
“whet her the individual has been covered by any health insurance”
has been asked in the years 1969 through 1972. The question about
the amount of noney spent on cigarettes and al cohol has been asked
only the years 1970 through 1972. These are but a few exanpl es.
Therefore, if this procedure is adopted, information about very
inportant variables in the year of death may not be available,
sinply because the question has not been asked in that year and
hence several observations may have to be del eted.

2)” More inportantly, since the survey is about the individuals, the
value of a variable for a given year may be exceptionally |ow or
hi gh. For instance, incone of an individual at the year of death,
or the value of any other relevant variable may be | ower or higher
than usual for a variety of reasons. Therefore accepting this
unusual level of income as an independent variable and exploring
its affect on the dependent variable could bring about biased
result. Hence it may be desirable to know the value of the rele-
vant variable for nmore than one year and use their average in the
statistical model so that the study would be statistically unbiased
and hence reliable.

For the aforenentioned reasons it was decided to only choose the obser-
vations that provide information for a specific individual for at least two
consecutive years in the survey period. The age variable was used as the

prime determinant. It is obvious that if the age variable for one observation
does not consistently increase by one unit during the survey period, that
observation contains information about nore than one individual. To neke

certain that each observation contains information about a specific
i ndi vidual, age, sex, race, and the city size when growing up were utilized as
control variables. Following this procedure, the sanple size was reduced from
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568t 0 153. The 153 observations in the new smaller data set are virtually

i ndependent of one another in the sense that each observation contains

i nformation about one specific individual, furthernore, each individual has
been interviewed at |east two consecutive years during the survey period and
hence for each variable of interest there may exist information for at |east
two years (given the relevant question had been asked in the years the

i ndi vidual has been .interviewed) such that their average could be enployed in
the statistical study. The data set thusly conpiled will be referred to as
the “average data” set.

Table 1 lists the dependent and the independent variables that were
chosen fromthe information available in the Mchigan Study based on the
t hought that they mght have significant relationships with the dependent
variable: age at death. Meanwhile, the methodology for narrow ng down the
several -year-information for each variable into one unique number is
expl ai ned

The constructed “average data” set, as previously described, consists of
153 observations which are independent of one another in the sense that each
observation contains information about one specific individual. But since not
all questions had been asked in all nine years of the survey period, severa
observations in the average data set do not provide information about sone of
the relevant variables considered in this study. Hence, at the final stage,
before adding the air quality variables, the average data set was reduced to
114 observations. The last stage of the study was to incorporate the air
quality variables into the statistical nodel. For privacy purposes, only the
county of residence of the sanple nenbers is provided by the Mchigan Study.
The mean annual concentration of suspended particulate and sul fur dioxide for
counties during the years 1968 to 1976 was obtained and added to the “average
data” set [U S. Environnmental Protection Agency (1968)-(1976)]. Unfortunately,
air quality information in the survey period was available only for some of
the counties. Therefore, after the air quality variables were added to the
average data set, nore observations had to be deleted and the new average data
set was further reduced to 51 observations. Based on this data set a
statistical nodel is developed and a relationship between the age at death and
several relevant variables is established. The results of the statistica
model are discussed at the end of the next section; but since the size of the

“average data” set at the final stage turned out to be rather small, it was
decided to conpile another data set hoping it would contain a |arger nunber of
observations. It was decided to choose the value of the relevant variables at

the year of death fromthe original sub-sanple with 568 observations. This
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TABLE 3.1

DEPENDENT AND | NDEPENDENT VARI ABLES CONSI DERED I N THE STUDY

I - Dependent variabl e:

Age at
| ndependent

death - Age of the individual at the tine of death. 11 -
Vari abl es:

A - Background vari abl es:

1 -
2 -

Sex: O=nmale, 1 = female

Race: O = white, 1 = non-white (includes Puerto Rican, Mexican,
Cuban, and others).

Regi on when growing up:* 1 = Northeast, 2 = North Central

3 = South, 4 = West, 5 = Hawaii, Alaska, 6 = all foreign
countries, 9 unknown.

City size when growing up:* 1 = farm 2 = small town,

3 = large city, 4 = other, different place.

Parent’s econom c condition when growi ng up: O = poor,

1 = well off. Mdde of observations was chosen.

Variabl es number 1-4 in group A were used as control variables, hence no
di screpancy existed.
B .- Current and, health variables:

6 -

Distance to a city of 50,000 or nore at the time of interview:*
1 =under 5 mles, 2 =5-14.9 mles, 3 = 15-29.9 mles,

4 = 30-49.9 niles, 5 =50 mles or nore. Mdde of observations
was chosen.

Mles to work:* 00 = none, neither drives nor has car pool,
unenpl oyed, retired, student, etc. 01 = one mle or |ess,

02 = two mles, . . ., 98 =908 mles or nore, 99 = NA

Average of observations (excluding 99) was chosen.

Mles driven per year:* 00 = N A none, no car, XXXXX = actual
mles driven, 99998 = 99998 miles or nore, 99999 = unknown.
Average of observations (excluding 99999) was chosen.

Whet her disabled: 1 = yes, conplete limtation on work, 2 = yes,
severe limtations on work, 3 = yes, sone limtation on work,

4 =yes, no limtation on work, 5 =no, 7-9 = NA 1-3 was
assigned 1; 4, 5 were assigned O 7, 9 = no information avail -
able. Mde of observation (excluding 7, 9) was chosen.
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Table 3.1 (continued)

10 - Trend ' of’ disability: 1 = better, 3 = stays the same,

4 = fluctuates, 5 = worse, 9 = N A unknown,

0 = inap.

(no disability), 1, 3 were assigned O 4, 5 were assigned 1

Mode of observations (excluding 9) was chosen.
more recent observations.

11 - Nunber of hours ill per year:* 0000 = none, XXXX

i ght given to

= actual hours

of illness, 9999 = 9999 hours or nore. Average of observations

was chosen.
12 - \Whether covered by health insurance: 1 = yes,
of observations was chosen.

O = no. Mode

13 - Education:* O = cannot wite or read, 1 = O5 grade, 2 = 6-8
grade, 3 = 9-11 grade, 4 = 12 (high school), 5 = 12 grade
pl us nonacadenmic training, 6 = college but no degree,
7 = college B.A , no advance degree, 8 = college and advanced
or professional degree, 9 = N A unknown. Mde of observations

(excluding 9) was chosen.

14 - Total famly noney income:*
Average of observations was chosen.

15 - Nunmber of adults in the family:*
Average of observations was chosen.

16 - Number of children in the family:*
Average of observations was chosen.

17 - Per capita average income: 14/(15+16)

18 - Amount of noney spent on al cohol per fanmly.*
Average of observations was chosen.

19 - Amount of noney spent on cigarettes per famly.*
Average of observations was chosen.

20 - Per capita al cohol consunption:  18/15.

21 - Per capita cigarette consunption: 19/15.

classifications as stated in Mchigan Study.
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new sanmple, referred to as the “year of death data,” consists of 170 observa-
tions and contains information about the relevant variables that are included
in the nmodel. This data set is also consistent and the observations are inde-
pendent of one another since the value of the variables at the year of death
has been chosen. The air quality information was collected from the same
source as in the case of the “average data” set. To include as many
observations as possible in the statistical nodel, the value of the ai

quality variables at the year of death was chosen. [f air quality variables
were not available at the year of death, the value of the air quality

vari abl es were not available at the year of death, the value of air quality
variables for the year(s) prior to death was chosen. In cases where air
quality information for the year of death and year(s) prior to death was not
available, the value of air quality variables for the year(s) after death was
chosen.  Sinilar procedure has been enployed for the “average data” set. In
both sanples the air quality information for about 75% of the observations are
for the year of death (years the sanple menber has been interviewed for the
average data set) about 15% for the year(s) prior to death, and about 10% for
the year(s) after death. Following this procedure when air quality variables
are included the year of death data set sanmple size reduces to 63

observations, which contains 12 observations nore than the “average data” set.

THE STATI STI CAL MODEL

The statistical nodel used in this study tests the hypothesis that
| ongevity is closely related to background, current, and health variables as
di scussed in the introduction section. It is hypothesized that age at death
Is affected by background factors such as sex, race, geographical region and
the parent’s econom c condition when the sanple menber has been grow ng up;
the current factors such as the size of the city of residence, distance to
wor k, education, cigarette and al cohol consunption; and the health factors
such as health insurance coverage, illness history, incone, and the quality of
air. A series of regression equations have been obtained (for both data sets
previously discussed). Careful investigation of the individual regression
equation has been the basis for the decision on the final formof the
regression equations. Table 2 reports the description of the variables con-
sidered in this study and their nean and standard deviation for the “average
data” set. Table 3 provides simlar information for the “year of death” data
set. The regression equations, in their final form are reported in Tables 4
and 5. Table 4 reports the result of the study when the “average data” set is
utilized, Table 5 reports the result of the study when the “year of death”
data set is utilized. Each table contains two equations. Equation one is the
statistical nodel in its final formwhen air quality variables are included.
Since the size of both data sets at the final stage turned out to be rather
small, it was decided to increase the sanple size by not checking for air
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TABLE 3.2

DESCRIPTION, MEAN, AND STANDARD DEVIATION
OF THE VARIABLES FOR THE “AVERAGE DATA” SET

Description of the Variables Mean S:i?gi:gn
Age at death (years) 52.92 14.08
Race .65 1.04
Distance to a city of 50,000 people or more 1.98 .84
Annual hours ill 120.22 185.17
Miles to work 3.86 5.5
Health insurance .82 .39
Education 3.39 1.92
Education squared 15.12 14.45
Per capita expenditure on alcoholic beverages (%) 44 .43 73.05
Per capita expenditure on cigarettes ($) 42.12 59.28
Mean annual concentration of suspended particulate

in the air (PPM) 90. 47 24.34
Mean annual concentration of sulfur dioxide in
the air (PPM) 45.39 48.78
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TABLE 3.3

DESCRIPTION, MEAN, AND STANDARD DEVIATION OF

THE VARIABLES FOR THE “YEAR OF DEATH” DATA SET

Description of the Variables Mean ggsggiggn
Age at death (years) 51.25 14.78
Distance to a city of 50,000 population or more 1.95 .87
Annual hours ill 149.40 336.74
Miles to work 3.52 6.35
Health insurance ,67 A7
Education 3.52 1.73
Education squared 15.36 13.37
Per capita annual expenditures on alcoholic

beverages (%) 53.71 113.21
Per capita annual expenditures on cigarettes (%) 47.32 78.34
Mean annual concentration of total suspended

particulate in the air (PPM) 98.25 26.79
Mean annual concentration of sulfur dioxide in

the air (PPM) 16.16 11.91
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TABLE 3.4

THE RELATIONSHIP BETWEEN AGE AT DEATH AND THE RELEVANT VARIABLES - THE “AVERAGE DATA” SET

(t-statistics in parenthesis)

Mean Mean *
] ] annual annual
A Distance ] Per calplta Per capita concen - concer?
ge Miles . annua annual Annual tration - 2 Sampl
t - . ple
at Race ma?jo? to Education Eg:ﬁ:ﬁ;g” alcohol cigarette hours ingi?’!am?e of o;rgﬁ:%\r Constant R size
dea th city work consump- consump- ill suspended dioxide
tion tion particulate | th -
in the air 0 the air
Age 1.9 -1.2 -.2 -4 -.08 -.04 -,02 -.03 2.7 .04 -.001 57. ? 26 3
( .93) (-.5) -5 (-1 (--15) (-1,3) (--37N) (-2.2) (.5 -3 (--15) “4.3) ’ >
Age -1.2 .8 -4 -2.6 ,28 -.03 -.03 -.03 -.5 63.8
(--9) (.9) (-2.1) (-1.1 (-9 (-1.2) (-1.3) (-3.0 -1 “ (11.5) e
TABLE 3.5
THE RELAT ONSHIP BETWEEN AGE AT DEATH AND THE RELEVANT VARIABLES - THE “YEAR OF DEATH” DATA SET
(t-statistics in parenthesis)
ea n Mea n
annual annual
_ Per capita Per capita concen - concen - .
Age Distance iy o . annual annual Annua 1 Heal th tration tration Constant R¢ Sample
to a - Education - ea of size
at  Race naior to Education ~ = o alcohol  cigarette  hours ;..\ o0 0 of sulfur
death Jt work q consump- consump- ill susgended dioxide
city tion tion particulate in the air
in the air
-10.3 .35 A1 -.97 -.17 -,007 -.07 .006 -4,8 -.006 -.05 68.3 28 63
Age  (2.5) (.15) (.35) (-.22) (--3) (-.42) (-2.53) (1.0) (-.92) (-.07) (-.29) (5.4
Age -6.8 ,82 -.18  -7.9 .88 -,01 -.03 .001 -1.7 - . 71.0 24 162
9 (-4.4) (1.12)  (-1.3) (-3.5) (3.0) (-1.0) (-2.1) (147)  (-.69) {14.5)



quality variables and observe the sensitivity of the nodel. Therefore,
equation two is identical with equation one but it contains |arger nunbers of
observations by not checking for air quality variables, and hence excluding
the air quality variables fromthe regression equation. The Ordinary Least
Square technique has been utilized in obtaining all regression equations.
Careful analysis of the regression equations in Tables 4 and 5 leads to the
following deductions. -Race, anong background variabl es, has a significant
inverse relationship with life span of the sanple nmenbers in this study. This
result is in agreement with the existing statistics that whites have a |onger
average life span than non-whites.

Anong current variables, distance to a major city is positively related
to the age at death except in equation one of Table 4. The relationship is
not generally significant except for equation two of Table 5 where this
variable is alnost significantly related to life span. This result is also in
agreement with existing statistics that rural populations live longer, on the
average, than the urban populations. Mles to work is inversely related to
age at death, suggesting that people who commute to work have a shorter life
span as the risk of having an accident increases with an increase in the
commuting distance. According to equation two of Table 4, this variable is
significantly related to the age at death. Education has an inverse
relationship with longevity. The relationship is strongly significant
according to equation two of Table 5 in which education squared has a
significant positive relationship with life span. The indication is that as
education increases to about grade 12 (high school) life span decreases, but
with higher education (past high school) life span increases. According to

equation two of Table 5: longevity = 6.8 age_+ .82 distance to mgjor city .18
mles to work 7.9 education + .88 (education) - .01 al cohol consunption .03
cigarette consunption + .001 annual hours ill 1.7 health insurance + 71. The

mnimum life span is associated with education = 4.46. According to Table 1,
this figure refers to a |evel of education between a high school graduate and
a high school graduate with nonacademc training. Therefore it may be
concluded that college education increases |longevity whereas elenentary and

hi gh school education has an inverse effect on life span. This finding may be
justified by observing the characteristics of the existing job markets.

Col | ege education increases the chance of acquiring well-paying, |ess risky
jobs. Furthermore, nore risky jobs require a certain type of skill which may
require education beyond el ementary level. Therefore, observing a binom al

rel ati onship between education and longevity with mininumlife span associated
with high school graduate |evel nmay not be far fromreality. Annual per
capita consunption of alcohol and cigarettes are inversely related to

| ongevity. Furthermore, consunption of cigarettes is significantly related
with age at death, as indicated by equations one and two of Table 5; which,
quite expectedly indicates that cigarette consunption decreases life span.

27



Among health variables illness is inversely related with |ongevity and
the relationship is significant (Table 4). According to Table 5 the relation-

ship is positive, but insignificant. This finding indicates that illness
measured as the average nunber of hours ill over several consecutive years is
the proper measure of illness rather than the number of hours ill at the year

of death. Health insurance coverage is inversely related to |ongevity--an
unexpected result (except for equation one of Table 4), but the relationship
is totally insignificant. Air pollution (as measured by total suspended
particulate and sulfur dioxide) is inversely related with longevity (except
for suspended particulate in equation one of Table 4); however, the relation-
ship is not significant.

CONCLUSI ONS

The present study investigated the effect of several relevant variables
on longevity. Based on a sub-sanple of the Mchigan Study (a Panel Study of
I ncome Dynamics conducted by the Institute for Social Research of the
University of Mchigan) two data sets were constructed consisting of the age
of the individuals at the year of death and several explanatory variables
expected to be related with longevity based on the existing epidemiological
studies. Careful investigation of the several Ordinary Least Square
regression equations which included different combinations of the explanatory
variables lead to the final form of the regression equations reported in
Tables 4 and 5. Based on the results of this study, it can be concluded that
air pollution, although inversely related to age at death, does not
significantly affect longevity. It can also be concluded that education and
consunption of alcohol and cigarettes have a stable relationship with
|l ongevity since the direction of relationship is consistent in the two
equations of the two data sets. Distance to a major city, mles to work, and
health insurance are not stable variables affecting longevity. It can also be
concl uded that longevity increases as education goes beyond high school and
al so as education stops short of graduating from high school. It may also be
concluded that illness neasured as the average illness for several consecutive
years is a far better health neasure than illness at the year of death.
Simlar reasoning applies to the consunption of alcoholic beverages; however,
race and cigarette consunption are nore significantly related to longevity if
their value at the year of death is included in the study. Finally,
considering the inverse relationship between health insurance and |ongevity,
it can be concluded that illness is an endogenous variable since illness
decreases an individual’'s chance to purchase health insurance and the |ack of
heal th insurance shortens an individual's life span. Therefore, the
statistical nodel of this study may be inproved by devel oping a two-stage
model in which illness is an endogenous variable affected by such variables as
i ncome, education, race, and age.
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