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. . . . ABSTRACT

The six studies contained in this volume all aim to increase our
understanding of the health benefits of air pollution control. However,
the link between air pollution and human health remains problematic.
One approach to determine 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 important factors affecting human health so that an unbiased
estimate of the effect of air pollution can be determined. This
approach is the principal focus of this volume.

The first two studies attempt to determine the relationship between
air pollution and mortality. Three of the studies examine morbidity.

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 model specification
either for mortality or morbidity 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
association between current health effects and past long term cumulative
air pollution exposures.

The final study of this volume attempts to define the type of data
which might resolve controversies over the magnitude of air pollution
health affects.
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. . .

CHAPTER I

INTRODUCTION

The six studies contained in this volume all aim to increase our
understanding of the health benefits of air pollution control. The
calculation of health benefits requires both an understanding of how people
themselves value health in dollar terms (measured by the willingness to pay
concept) and an understanding of air pollution induced health effects.
Progress has been made with respect to the former problem. However, the link
between air pollution and human health remains problematic. TWO approaches
are available for determining the health effects of air pollution. First,
animal experiments or, rarely, human experimentation can provide direct
evidence in a controlled situation. The second approach is to analyze data on
human health effects taken from the real world, uncontrolled, environment and
hope that careful statistical analysis will allow one to account for all of
the important factors determining human health so that an unbiased estimate of
the effect of air pollution can be determined. This latter approach is the
principal focus of this volume.

The first three studies attempt to determine the relationship between air
pollution and mortality. Chapter 2 examines evidence from data on aggregate
mortality rates in sixty U.S. cities and points out the extraordinary
difficulty in obtaining a stable, robust statistical relationship between
current air pollution levels and current mortality rates. The conventional
wisdom holds that a large positive relationship exists between particulate in
air and mortality. In Chapter 2, it is demonstrated that this relationship is
highly unstable depending on specification of the statistical model used in
the analysis. Chapter 3 attempts, using a small sample of data on individual
ages at death taken from the Survey on Income Dynamics (1972), to see if, by
using disaggregate information on individuals, a more stable and convincing
relationship can be obtained. In this small sample of individuals, no
significant statistical relationship is obtained between current air pollution
levels and longevity.
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Three of the studies examine morbidity. 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
relationship between chronic illness and air pollution is shown to be
potentially large Qut again very sensitive to model specification. Since
little a priori knowledge is available on appropriate model specification, it
is impossible to choose between a specification which yields a large impact
and one which yields no significant impact. The study of acute health impacts
shows, using a particular specification, a small relationship’of marginal
statistical significance between sulfur oxide and lost work days. Chapter 6
uses an excellent and highly detailed data set on twins collected by the
National Academy of Sciences [Hrubec and Neel (1978)1. Of the studies
relating to mortality, this one has perhaps the best data and should be
capable of detecting even small effects. In fact, a positive but small
statistical relationship is shown between air pollution and symptoms of
cardiovascular 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 model specification either for
mortality or morbidity; and (2) statistically significant relationships,
mostly small, do occasionally appear.

The final study of this volume, Chapter 7, attempts to define the type of
data which might 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 modeling 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 economic models
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
ambiguous evidence presented in this volume, all studies to date have only
looked for health effects associated with current air pollution exposures, not
at any possible association between current health effects and long term
cumulative air pollution exposures. Thus , it is premature to draw any final
conclusions based on existing epidemiological evidence concerning human health
and air pollution exposures.
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CHAPTER II

WHAT HAVE WE LEARNED FROM AGGREGATE DATA ABOUT THE
BENEFITS OF AIR POLLUTION CONTROL?

INTRODUCTION

According to conventional wisdom, the main benefit of environmental
regulation is improved health. Thus, research into the benefits of air
pollution control has sought primarily to determine the extent to which
morbidity and mortality rates decline when air quality improves. Given a
knowledge of this relationship, benefits of air pollution regulations can be
estimated using the economic analysis of safety programs developed by such
investigators as Mishan (1971), Thaler and Rosen (1975), Smith (1974), and
Conley (1976). The conceptual framework developed by these authors values
small changes in risk using a willingness to pay measure, rather than the lost
productivity (or earnings) from early death, and therefore avoids the numerous
theoretical problems associated with the latter approach. However, the
distinction between these two approaches to benefit estimation reaches far
beyond purely theoretical considerations. For similar safety programs,
estimates based upon willingness to pay mea ures are about ten times higher
than those based upon productivity changes.

!?

Although progress has been made in valuing the benefits of improved
health, the mortality effects of air pollution are less well understood, in
spite of the claims of several statistical studies that a clear linkage
exists. This paper argues that extraordinary difficulties are present in
statistical epidemiology which have yet to be resolved. These difficulties
arise in part because of problems in obtaining desirable data. Potential
sources of information include first, controlled experimental data from either
animal experiments or clinical trials and second, uncontrolled data on human
health and exposures in the real world.



Of course, economists have been quick to recognize the similarity of this
latter epidemiological  problem to many in economics which have been studied
using statistical tools such as regression analysis. Use of ordinary least
squares to attempt to account for uncontrolled factors and isolate the
independent contribution of air pollution to human mortality has become quite
popular [see work by Lave and Seskin (1977), McDonald and Schwing (1973),
Kneese and Schulze (1977), Crocker, Schulze et al. (1980)1. However, with
only a few excepti&s; these studies have been unsophisticated in their
application of econometric methods and have failed to look for, or cope with,
a variety of potentially serious statistical problems.

The plan of the paper is to list a few of these problems in the next
section and then to show how these problems can significantly affect estimated
effects of air pollution on health using a data set consisting of mort~lity
rates, air pollution levels and other variables for sixty U.S. cities.
Comments on policy implications are made in the conclusion.

STATISTICAL PROBLEMS

The aim of this section is to outline some of the major statistical
research problems that remain to be overcome in estimating the impact of air
pollution on human health. These problems arise largely because the process
by which air pollution affects health is not yet completely understood. As a
result, any statistical specification of this relationship for the purpose of
regression analysis is subject both to uncertainty and question. Most
importantly, since the true model 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 diminished. To at least some
extent, statisticians have faced difficulties of this general nature in
virtually all areas of investigation. However, important environmental
management decisions regarding air pollution control have been based, in part,
upon regression equations where small changes in model specification appear to
produce comparatively large changes in implications.

Because theoretical knowledge regarding the connection between air pollu-
tion and health is so inadequate, empirical efforts to identify this relation-
ship must be interpreted with caution. Intuitively, there are at least three
important types of specification error that should be thoroughly investigated
prior to accepting present estimates for policy purposes: (1) errors



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

.>
Economic and epidemiological  theory provides few insights into the most

appropriate functional form for a regression equation used to measure the
impact of changes in air quality on human health. This situation is rather
unfortunate since the true relationship between health and its determinants
may be strongly non-linear. For example, the health consequences of changes
in variables such as cigarette smoking, protein consumption, as well as air
pollutants are likely to depend not only on the magnitude of the change, but
also upon the levels of the variables themselves. Yet little is known about
exactly how to specify these functional relationships. The issue of correct
function form is important because benefit estimates are frequently obtained
from simple equations where a mortality rate (or its natural logarithm) has
been regressed on air pollution measures together with other explanatory var-
iables (or their natural logarithms). In particular, these regressions are
used to obtain the desired benefit estimates by making hypothetical changes in
the air quality variables and then noting the effect on the health measure.
Obviously, benefit estimates obtained by this procedure may be seriously
biased unless these simple linear or log-linear functional specifications are
accurate to a useful degree of approximation.

A second important consequence of the lack of information on the true air
quality-health relationship involves the issue of omitted variables. As Theil
(1957) has shown, the error of mistakenly excluding variables from an
otherwise correctly specified regression equation causes the estimated 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
empirical determinants of mortality. On the one hand, previous investigations
have shown significant adverse health effects resulting from cigarette smoking
and certain dietary habits. Nevertheless, when Smith (1975) analyzed thirty-
two possible specifications of a regression equation (which are similar to
those used by Lave and Seskin (1973)) where the dependent variable was the
rate of mortality by SMSA and the explanatory variables were selected from
among: (1) median age, (2) percent non-white, (3) population density, (4)
temperature, and (5) particulate, little evidence of an omitted variables
problem was found to be present. The RESET test, devised by Ramsey (1974),
rejected the null hypothesis of a zero mean vector for the disturbance in only
five of the thirty-two cases, while the RASET test failed to reject this null

6



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 employed, the appropriate role for other intuitively relevant variables in
mortality rate estimating equations legitimately remains the subject of
debate. Nevertheless, these results do lend support to the Lave and Seskin
estimates of the impact of air pollution on health in the face of charges by

other investigators, including Crocker, Schulze et al. (1979) , that they have
omitted key mortality determinants.

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 simultaneous equation estimation
methods. Human decision-making may cause the link between these two classes
of variables to be considerably more complex than can be captured by a single
equation. As an illustration, suppose that increases in medical care are
effective in reducing mortality but that mortality rates exert an influence
over where medical doctors and others in the health care field choose to
locate. In this situation, a medical care variable should be included as an
explanatory variable in a regression equation to explain the variation in mor-
tality rates. Simple ordinary least squares estimation, however, may lead to
biased and inconsistent estimates of all regression coefficients since the
medical care variable would be correlated with the disturbance term even if
the number of observations were arbitrarily large. A simultaneous equations
estimation technique would be more appropriate in order to explicitly handle
the problems created by this correlation.

In addition to the three factors just discussed, two less tractable, but
no less important, research problems should be mentioned. First, as discussed
by McDonald and Schwing (1973) the variables used to measure air pollutants
are often highly correlated with other explanatory variables. Because these
pollutants are generated as joint products, in most cases, with other goods
produced by the economic system, this situation should not be surprising. If
the linear association between explanatory variables is high, separating the
independent contribution of each to explaining the variation in mortality
rates becomes difficult. McDonald and Schwing proposed a ridge regression
estimator as a means of circumventing this problem. Ridge regression methods,
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 would not otherwise be present. (For
a more complete critique of ridge regression procedures, see Smith and
Campbell, 1980 together with various rejoiners to their paper.) Second,
regression models are not highly sensitive and sophisticated research tools,
particularly when the data used to estimate them contain measurement error.
‘Such models may represent the best statistical tools available to social

7



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,
other explanatory variables may be of much greater importance.
AN EXAMPLE

In this section, two tentative statistical models are presented in order
to illustrate the impcmtance of the problems relating to omitted variables and
simultaneity that were raised in the previous section. Issues 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 models, both of which are estimated
using aggregate data on total mortality rates and other variables from sixty
U.S. cities, is specified in the equation shown below.

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

The exact definitions of all variables appearing in this equation, which are
similar to those used by Smith and Lave and Seskin, are presented in Table 1.
In Equation (l), variations in total mortality rates (MORT) are explained
using variables measuring percent non-white (NONW), median age (M.AGE), temper-
ature (COLD), as well as the air pollutants (S02X, PART, and N02X). Ordinary
least squares (OLS) estimates of this equation are presented in the column
labeled 1 of Table 1 and t-statistics are presented beneath each coefficient
estimate. These findings suggest that SMSAS with more older age residents,
more non-whites, and higher air pollution levels (especially in the form of
particulate) have, in a statistical sense, significantly higher mortality
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 should be taken to mitigate this hazard.

Rather different conclusions, however, are obtained from the statistical
estimates of the second model. This model 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, N02X)

MDPC = h(MORT, lNCM, EDUC, S02X, PART, N02X) (3)

Essentially, this structure builds upon Equation (l). Equation (2) explains
variations in MORT using variables including NONW, MAGE, and DENS, as well as
S02X, PART, and N02X. But in addition, Equation (2) also allows explicitly
for the possibility that mortality rates are affected by cold temperatures

8



Table 2.1
DESCRIPTION OF DATA AND EMPIRICAL ESTIMATES

U2

Description of Data E m p i r i c a l  E s t i m a t e s  ( t - s t a t  i n  p a r e n t h e s i s )

V a r i a b l e Year U n i t s Mean ‘SD NORT (1) MORT (2) MDPC (3) MORT (4)
MORT Total Mortality;: }970 Deaths/1000 11.283 2.16} 5.823

(1.392)
MDPC Medical Doctors per 1970 MDs/100,000 162.8 54.2 -.087

Capita;k (-5.764)
NONW Nonwhite Population 1969 Fraction .226 .154 2.997 9.996

( 2 . 4 o 3 ) (6.3d9) ‘(W)
MAGE Median Age of Population 1969 Years 28.82 2.j4 .573 .789 .626

(8.665) (i3.617) (11.510)
DENS Crowding in Homes 1969 % > 1.5 .022 0.013 i2.!340 49.791i 18,217

persons/room (.881) (3.934) (1 .447)
“ COLD Cold Weather 1972 # days temp 86.9 47.7 .021 .oi75

<o”c (4.468) (3. ~21:)
CIGS Cigarette Consumption 1 9 6 8 packs/yr/cap 165.8 23.25 .041 .00034

(4.693) ( . 5 2 6 )
PROT Animai  Protein 1965 g/yr/cap 28,128. 1,603.4 .003 .00047

C o n s u m p t i o n (5.032) - (i.466)
CARB Carbohydrate Consumption 1965 g/yr/cap 123,490. 3,623.0 -.ooi -.00013

(-2.366) (-).871)
=AT Saturated Fat ty  Acids 1965 g/yr/cap i6,315. 9 7 6 . 3 .0016 -.00068

(4.i61) (-2.616)
INCM Median income . 1969  $ / y r / h o u s e - 10,763. 1 , 0 6 0 . .00925 -.000747

hold (i.143) ( -5.003)
EDUC Education }969 % > 25 yrs 55.3 7.4 .704 -.028

(.616) (-.893)
S02X Sulfer  Dioxide 1970 mg/m3 26.92 22.2 .009 -.968

30 ,, (1.059) (-4.594)
.070 .ooll~

(.192) (.14i)
PART Suspended Part iculate 1970  mg/m3 102.30 . .O11 -.015 -.514 .000194

( 2 . 0 0 6 ) (-2.5C1) ( - 2 . 0 8 5 ) ( . 0 3 7 4 )
N02X Nitrogen Dioxide i969 ppm . 0 7 6 .034 m -11.ot?i - 87.228

(.Z71) - ;;; .;;2) (-.381)
5.4i5

(1 .238)
CONSTANT - 7 . 7 1 9 . !5.969 7 . 2 9 0
Degrees of Freedom 53 47_ 53 ~~

R 2 .692 - - - - .853
Estimation Method OLS 2SLS I 2SLS OLS

*Predicted values,  MORT or  MDPC, are employed i f  these var iables are used as explanatory var iables in an
est imated equation.



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

Equations (2) and. (3) are simultaneous in that variations in MORT are
determined, 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 least squares (2SLS) is used as an estimation method. The estimates
of these two structural equations are given in columns labeled 2 and 3 of
Table 1. With the exception of the coefficients on the air pollution vari-
ables, estimates of the slope parameters in Equation (1) possess signs that
might be expected on intuitive grounds. Increases in MDPC and in CARB con-
tribute significantly to reductions in mortality rates, while colder SMSAS
with more older age residents, more non-whites, more crowded housing condi-
tions and where more cigarettes are consumed tend to have higher mortality
rates. These results suggest that holding constant the linear influence of
medical doctors yer capita, lifestyle variables measuring such factors as—
smoking and dietary habits exert a significant influence on total mortality
rates; a finding that is of interest since variables of this type were ignored
in specifying Equation (l). On the other hand, the statistically significant
but negative coefficients on the air pollution variables are rather more of a
puzzle and cannot be completely explained. Nevertheless, a partial account of
why this anomalous result has occurred will be offered momentarily. In the
meantime, consider the estimates of the slope parameters of Equation (3).
According to these estimates, all but one of which are not statistically sig-
nificant at conventional levels, medical doctors apparently avoid locating in
SMSAS where particulate levels are high.

Additional insights into these results can be obtained by examining the
estimates of the reduced form equation for MORT, which are shown in the column
labeled 4 of Table 1. As indicated in the table, these estimates were ob-
tained by applying ordinary least squares to an equation where MORT was speci-
fied to be a function of all exogenous variables in the structural model pre-
sented previously. There are two aspects of these estimates 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 medical care and are interpreted as total, rather than partial, deriva-
tives. In other words, the structural coefficients do not fully capture the
fact that medical care may ameliorate the negative health effects of cigarette
smoking, cold weather, crowded living conditions, and so forth. This amelior-
ative effect can only be determined by comparing the reduced form to the
structural form coefficients. As is evident, such a comparison reveals that
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the coefficients on the socioeconomic and lifestyle variables are all smaller
in the reduced form than in the structural form; a result suggesting that some
ameliorative effects of medical care may indeed be present. Second, in the
reduced form mortality equation, the coefficients on the air pollution
variables are positive. How can this result be explained? Although increased
medical care would appear to reduce total mortality rates, doctors, according
to the structural $qu+tion 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.

CONCLUSION

Existing statistical work on the mortality effects of air pollution has
been interpreted to imply that control of stationary sources such as power
plants (which emit S02 and particulate) is justified while auto emission
controls (particularly those for nitrogen oxides) are unjustified. These
conclusions may be unwarranted for two reasons. First, as shown in the
preceding section, the estimated effects of air pollution on human health are
highly sensitive to model specification. With little or no a priori
theoretical rationale for choosing one specification over an~ther, a
determination of the true health effects of air pollution is impossible.
Future research, with primary data that is both collected specifically for the
purpose of analyzing the health effects of air pollution and aimed at coping
with the kinds of statistical problems identified here, may provide more
convincing estimates. At the present time, however, relatively little is
known about the effects of long term low-level air pollution exposures on
human mortality; certainly not enough to make benefit projections for policy
purposes.

Second, the really important benefits from air pollution control
may actually lie in the non-health area. For example, a recent
study of the Los Angeles basin suggested that a 30% reduction in
ambient pollution levels (principally nitrogen oxides and related oxidant)
would be worth nearly one billion dollars per year to local residents
(Brookshire et al. 1980). This study, using both a traditional hedonic
property value study and survey questionnaires, concluded that a major
fraction of perceived benefits was derived from the aesthetic (visibility,
and quality of life) benefits of reduced air pollution. Similarly, studies of
the benefits of air pollution control in recreation areas such as the national
parklands of the southwest suggest that visibility and related non-health
benefits are of principle concern. While supposed effects of air
pollution on human mortality provide decisionmakers with an easy
justification for control policies (often on ethical rather than
economic grounds), economists 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 implies that less emphasis should be placed on
health effects in making policy decisions.

. . .
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. . CHAPTER III
LONGEVITY AND AIR POLLUTION
A STUDY BASED ON MICRO DATA

INTRODUCTION

The health effects of air pollution has been intensively studied and
discussed by various scientists and researchers in the recent years. Many of
such studies have found statistically significant positive relationships
between air pollution and morbidity [Fishelson and Grove (1978); Sterling, et
al. (1967) Sterling, et al. (1969)] as well as mortality [Kneese and Schulze
(1977); Koshal and Koshal (1974); Lave and Seskin (1977); Schwing and McDonald
(1976)]. Lave and Seskin are among 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 several
U.S. 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 mortality. Schulze, et al.
have conducted similar studies on the human health effects of air pollution
[Kneese and Schulze (1977)]. According to their most recent study the health
effects of air pollution is indirect (U.S. 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 disamenity, hence avoid polluted areas
if possible. Furthermore, they reason that the supply of physicians
undoubtedly affects the mortality rate by decreasing the probability of a
premature death event occurring in cases of emergency, and/or increasing
longevity through providing health services. The study reasons that if air
pollution discourages physicians from locating in a specific area, and if
scarcity of doctors increases the mortality rate, then excluding the supply of
doctors as an explanatory variable from the epidemiological  model leads to
observing a strong positive relationship between air pollution and mortality.
Schulze, et al. conclude that although air pollution adversely affects human
health, the strong positive relationship between air pollution and mortality,
as observed in the statistical studies, is misleading. In other words the
health effect of unavailability of health services rendered by physicians may
dominate the adverse health effects of air pollution.
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The Institute for Social Research of the University of Michigan has
conducted a survey entitled A Panel Study of Income Dynamics (from now on
referred to as the Michigan Study) in which about 5000 families, chosen at
random from 50 states of the United States, have been interviewed from 1968-
1976 [Institute for Social Research (1977)]. The Michigan Study has
interviewed the families in the sample on an annual basis and has collected
numerous information such as age, sex, race, state and county of residence at
the time of the interview as well as childhood, parent’s economic status and
education, current and previous employment, distance to work, driving habits,
income, education, life style, eating habits, health insurance, illness,
physical condition, and several other relevant facts for the head of each
family. During the survey period, the head of some of the families in the
sample has died (or separated, or otherwise moved away) , and hence a
sub-sample in the Michigan Study is created. This sub-sample (and hence the
Michigan Study) provides an excellent chance of examining the possible
relationship between air pollution and longevity. The Nichigan Study provides
detailed information about the length of life, background variables (such as
the race and sex of the sample member, and the parent’s economic condition
when the sample member was growing up) , current variables (such as the size of
the city of residence at the time of inteniew, distance to work, education,
per capita cigarette and alcohol consumption), and healthvariables (such as
insurance coverage, illness history, annual income and quality of air). A
great deal of this information is difficult to acquire under normal
circumstances. The present study utilizes the aforementioned sub-sample of
the Michigan Study to investigate the possible relationship between air
pollution and longevity.

DESCRIPTION OF DATA

The Michigan Study provides a wide range of information about the head of
the families in the sample who have died during the survey period, 19681976.
The sub-sample, the set of interviewees who have died during the
aforementioned time period, consists of 568 observations. From now on the
aforementioned sub-sample of the Michigan Study is the focus of attention. The
Michigan Study has not attempted to explore the cause of death for the sample
members. Using the information compiled in the Michigan Study, it is possible
to establish a statistical relationship between the age at death and several
relevant variables that may fall into three broad categories:

1) background variables: such as the race and sex of the sample
member, and the parent’s economic condition when the sample
member was growing up;

2) current variables: such as the size of the city of residence at
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the time of interview, distance to work education, per capita
cigarette and alcohol consumption;

3) and health variables: such as insurance coverage, illness
history, annual income, and quality of air.

In order to implement such a study, it was felt necessary to look closely into
the data set. It was soon realized that the data set as it stood was not
suitable for a meaningful statistical analysis. It was observed that age,
race, sex, city size as well as state and county of residence when the sample
member was growing up, to mention only a few variables, changes several times
for most of the sample members. Following a careful investigation of the data
set the reason for such a disturbing occurrence was discovered. The following
example should shed light into the source of this problem. Suppose Mr. X has
been the head of a family and has been interviewed from 1968 through 1970 as
one of the sample members of the Michigan Study. Suppose Mr. X dies in 1970
and Mrs. Y replaces him. From 1971 no more information is collected for Mr. X
and all variables pertaining to Mr. X takes on a zero value for the remainder
of the survey period. Mrs. Y has not been interviewed as the head of this
particular family for the years 1968 through 1970, hence no information about
Mrs. Y is available for this time period. Information collected for Mr. X for
the years 1968 through 1970 is assigned to Mrs. Y. From 1971 onward, in-
formation about Mrs. Y is properly collected. So far two observations have
been created from only one head of the family, Mr. X. One obsenation con-
tains information about Mr. X alone from 1968 through 1970, another observa-

tion contains information about Mr. X from 1968 through 1970 and information
about Mrs. Y from 1971 onwards. Now suppose Mrs. Y dies in 1972 and Mr. Z
takes on her responsibility as the head of the family from 1973. According to
the procedures adopted by the Michigan Study, no more information about Mrs. Y
is compiled and the variables pertaining to Mrs. Y takes on a zero value for
the remainder of the survey period. In the meantime a new observation is
created, namely Mr. Z, which contains information about Mr. X for the years
1968 through 1970, information about Mrs. Y for the years 1971 through 1972,
and information for Mr. Z for the years 1973 to the year he died. If Mr. Z
dies before 1976 and is replaced by, say, Miss W, then yet another observation
is created which would contain information about Mr. X, Mrs. Y, Mr. Z and Miss
w. Theoretically speaking, one observation could have information about nine
different individuals. If the individuals in one observation are numbered
from 1 to 9, then information about individual #1 could appear nine times in
the data set, eight times for individual #2, seven times for individual #3,
. . ., and once for the individual //9. Working with such a data set could
provide misleading results. Obviously, before any reliable statistical study
could be conducted, the data set had to be cleaned up and a procedure need be
adopted to compile a new data set such that the information for each
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individual appears only once in the data set. One of the possible solutions
to the existing problem is to determine the year in which the sample member
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
independent observations with no repetition. There exist two major difficul-
ties with this procedure:

1)

2)’

4..

Not all the variables that reveal important information have been
asked during the entire nine years of the survey period. For
instance, the question “whether or not the interviewee has been
disabled” has been asked only in 1968 and 1976. The question
“whether 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
“whether the individual has been covered by any health insurance”
has been asked in the years 1969 through 1972. The question about
the amount of money spent on cigarettes and alcohol has been asked
only the years 1970 through 1972. These are but a few examples.
Therefore, if this procedure is adopted, information about very
important variables in the year of death may not be available,
simply because the question has not been asked in that year and
hence several observations may have to be deleted.

More importantly, since the survey is about the individuals, the
value of a variable for a given year may be exceptionally low or
high. For instance, income of an individual at the year of death,
or the value of any other relevant variable may be lower 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 more than one year and use their average in the
statistical model so that the study would be statistically unbiased
and hence reliable.

For the aforementioned 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 suney period, that
observation contains information about more than one individual. To make
certain that each observation contains information about a specific
individual, age, sex, race, and the city size when growing up were utilized as
control variables. Following this procedure, the sample size was reduced from
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568 to 153. The 153 observations in the new smaller data set are virtually
independent of one another in the sense that each observation contains
information about one specific individual, furthermore, each individual has
been interviewed at least two consecutive years during the survey period and
hence for each variable of interest there may exist information for at least
two years (given the relevant question had been asked in the years the
individual has been .in.terviewed)  such that their average could be employed in
the statistical study. The data set thusly compiled will be referred to as
the “average data” set.

Table 1 lists the dependent and the independent variables that were
chosen from the information available in the Michigan Study based on the
thought that they might have significant relationships with the dependent
variable: age at death. Meanwhile, the methodology for narrowing down the
several-year-information for each variable into one unique number is
explained.

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. Eut since not
all questions had been asked in all nine years of the suney period, several
observations in the average data set do not provide information about some 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 model. For privacy purposes, only the
county of residence of the sample members is provided by the Michigan Study.
The mean annual concentration of suspended particulate and sulfur dioxide for
counties during the years 1968 to 1976 was obtained and added to the “average
data” set [U.S. Environmental 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, more obsenations had to be deleted and the new average data
set was further reduced to 51 observations. Based on this data set a
statistical model is developed and a relationship between the age at death and
several relevant variables is established. The results of the statistical
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 compile another data set hoping it would contain a larger number of
observations. It was decided to choose the value of the relevant variables at ‘
the year of death from the original sub-sample with 568 observations. This
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TABLE 3.1
<.

DEPENDENT AND INDEPENDENT VARIABLES CONSIDERED IN THE STUDY

I - Dependent variable:
Age at death - Age of the individual at the time of death. 11 -

Independent Variables:
A- Background variables:

1 - Sex: O = male, 1 = female
2 - Race: O = white, 1 = non-white (includes Puerto Rican, Mexican,

Cuban, and others).
3 - Region when growing up:* 1 = Northeast, 2 = North Central

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

4 - City size when growing up:* 1 = farm, 2 = small town,
3 = large city, 4 = other, different place.

5- Parent’s economic condition when growing up: O = poor,
1 = well off. Mode of observations was chosen.

Variables number 1-4 in group A were used as control variables, hence no
discrepancy existed.
B .- Current and, health variables:

6 - Distance to a city of 50,000 or more at the time of interview:*
1 = under 5 miles, 2 = 5-14.9 miles, 3 = 15-29.9 miles,
4 = 30-49.9 miles, 5 = 50 miles or more. Mode of observations
was chosen.

7 - Miles to work:* 00 = none, neither drives nor has car pool,
unemployed, retired, student, etc. 01 = one mile or less,
02 = two miles, . . ., 98 = 98 miles or more, 99 = N/A.
Av”erage of observations (excluding 99) was chosen.

8 - Miles driven per year:* 00 = N/A, none, no car, XXXXX = actual
miles driven, 99998 = 99998 miles or more, 99999 = unknown.
Average of observations (excluding 99999) was chosen.

9 - Whether disabled: 1 = yes, complete limitation on work, 2 = yes,
severe limitations on work, 3 = yes, some limitation on work,
4 = yes, no limitation on work, 5 = no, 7-9 = N/A. 1-3 was
assigned 1; 4, 5 were assigned O; 7, 9 = no information avail-
able. Mode 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, O = inap.
(no disability), 1, 3 were assigned O; 4, 5 were assigned 1.
Mode of observations (excluding 9) was chosen. Weight given to
more recent observations.

11 - Number of hours ill per year:* 0000 = none, XXXX = actual hours
of illness,  9999 = 9999 hours or more. Average of observations
was chosen.

12 - Whether covered by health insurance: 1 = yes, O = no. Mode
of observations was chosen.

13 - Education:*  O = cannot write or read, 1 = O-5 grade, 2 = 6-8
grade, 3 = 9-11 grade, 4 = 12 (high school), 5 = 12 grade
plus nonacademic training, 6 = college but no degree,
7 = college B.A. , no advance degree, 8 = college and advanced
or professional degree, 9 = N/A, unknown. Mode of observations
(excluding 9) was chosen.

14 - Total family money income:*
Average of observations was chosen.

15 - Number 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 money spent on alcohol per family.*

Average of observations was chosen.
19 - Amount of money spent on cigarettes per family.*

Average of observations was chosen.
20 - Per capita alcohol consumption: 18/15.
21 - Per capita cigarette consumption: 19/15. *Variable

classifications as stated in Michigan Study.
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new sample, 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 model. 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 poseible in the statistical model, the value of the air

quality variables at the year of death was chosen. If air quality variables
were not available at the year of death, the value of the air quality
variables 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. Similar procedure has been employed for the “average data” set. In
both samples the air quality information for about 75% of the observations are
for the year of death (years the sample member 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 sample size reduces to 63
observations, which contains 12 observations more than the “average data” set.

THE STATISTICAL MODEL

The statistical model used in this study tests the hypothesis that
longevity is closely related to background, current, and health variables as
discussed 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 economic condition when the sample member has been growing up;
the current factors such as the size of the city of residence, distance to
work, education, cigarette and alcohol consumption; and the health factors
such as health insurance coverage, illness history, income, 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 form of the
regression equations. Table 2 reports the description of the variables con-
sidered in this study and their mean and standard deviation for the “average
data” set. Table 3 provides similar 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 model in its final form when 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 sample size by not checking for air

23



TABLE 3.2

..$

DESCRIPTION, MEAN, AND STANDARD DEVIATION

OF THE VARIABLES FOR THE “AVERAGE DATA” SET

Description of the Variables Mean Standard
Deviation

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 Standard
Deviation

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 .47

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
Per capita Per capita annual

Miles
concen -

annual annual Annual concen  - -
Education tration

to Education Heal th R2 Sample
alcohol cigarette hours tratlon Constant

squared of
work insurance of sulfur size

consump- consump- ill suspended
tion tion dioxide

particulate in ~,,e air
in the air

Aye -.2 -.4 -.08
(’::3) /:$)

-.04 -,02 -.03
(-.5) (-.1)

2.7
(-.15) (-1,3)

.04
(-.37)

-.001
(-2.2) (.5)

57. ?
(.3) (-.15) (4.3) .26 01

Age -1.2 -.4 -2.6 ,28
(-.9) (:;) (-2.1) (-1.1) (.9)

-.03 -.03 -.03 -.5
(-1.2) (-1.3) (-3.0) (-.17) ‘-

63.8
(11.5) “23 ’ 14
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TABLE 3.5

THE RELAT ONSHIP BETWEEN AGE AT DEATH AND TtiE RELEVANT VARIABLES - THE “YEAR OF DEATH” DATA SET

(t-statistics in p~renthesis)
—

Mea n Mea nannual
Per capita Per capita

annual
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concen  -
Age annual annual Annua  1 tration concen -

to a Education Heal th
RZ Sample

at Race to Education
tration Constant

alcohol cigarette hours of
major squared insurance of >ulfur size

death city work consump- consump- ill suspended
tion

dioxide
tion particulate

in the air in the air

Age -10.3 .35 .11 -.97 -.17 -,007 -.07 .006 -4,8 -.006 -.05 68.3
(-2.5) (.15) (.35) (-.22) (-.3) (-.42) (-2.53) (1.0) (-.92) (-.07) (-.29) (5.4) .28 63

Age -6.8 ,82 -.18 -7.9 .88 -,01 -.03 .001 -1.7 71.0

(-4.4) (1,12) (-1.3) (-3.5) ~3,0) (-1.0)
--

(-2.1) (! 47) [-,69) ‘14L5L-:-_!#l



quality variables and obseme the sensitivity of the model. Therefore,
equation two is identical with equation one but it contains larger numbers of
observations by not checking for air quality variables, and hence excluding
the air quality variables from the 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, among background variables, has a significant
inverse relationship with life span of the sample members in this study. This
result is in agreement with the existing statistics that whites have a longer
average life span than non-whites.

Among 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 almost 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. Miles 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 age2+ .82 distance to major city .18
miles to work 7.9 education + .88 (education) - .01 alcohol consumption .03
cigarette consumption + .001 annual hours ill 1.7 health insurance + 71. The
minimum life span is associated with education = 4.46. According to Table 1,
this figure refers to a level of education between a high school graduate and
a high school graduate with nonacademic training. Therefore it may be
concluded that college education increases longevity whereas elementary and
high school education has an inverse effect on life span. This finding may be
justified by observing the characteristics of the existing job markets.
College education increases the chance of acquiring well-paying, less risky
jobs. Furthermore, more risky jobs require a certain type of skill which may
require education beyond elementary level. Therefore, observing a binomial
relationship between education and longevity with minimum life span associated
with high school graduate level may not be far from reality. Annual per
capita consumption of alcohol and cigarettes are inversely related to
longevity. Furthermore, consumption 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 consumption decreases life span.
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Among health variables illness is inversely related with longevity 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 number 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 longevity--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.

CONCLUSIONS

The present study investigated the effect of several relevant variables
on longevity. Based on a sub-sample of the Michigan Study (a Panel Study of
Income Dynamics conducted by the Institute for Social Research of the
University of Michigan) 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
consumption of alcohol and cigarettes have a stable relationship with
longevity since the direction of relationship is consistent in the two
equations of the two data sets. Distance to a major city, miles to work, and
health insurance are not stable variables affecting longevity. It can also be
concluded that longevity increases as education goes beyond high school and
also as education stops short of graduating from high school. It may also be
concluded that illness measured as the average illness for several consecutive
years is a far better health measure than illness at the year of death.
Similar reasoning applies to the consumption of alcoholic beverages; however,
race and cigarette consumption are more 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 longevity,
it can be concluded that illness is an endogenous variable since illness
decreases an individual’s chance to purchase health insurance and the lack of
health insurance shortens an individual’s life span. Therefore, the
statistical model of this study may be improved by developing a two-stage
model in which illness is an endogenous variable affected by such variables as
income, education, race, and age.
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