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CHAPTER 1
I NTRODUCTI ON

There is increasing concern about the possible overregul a-
tion of the U 'S. econony. This concern focuses not only on
regul ation of price, quantity, and service in transportation,
conmuni cations, and other supposedly non-conpetitive sectors of
the econony, but also on regulations dealing with those prob-
| ens that econom sts have anal yzed under the heading of
external diseconomes: the inpacts of air and water pollution
on health, recreation, productivity, and anmenities; the risk to
wor kers of accident and ill health due to occupational hazards;
and so forth. This concern with overregulation manifests it-
self primarily in the assertion that the costs of regulation

outwei gh the benefits. Mst of the legislation authorizing

regulation in the areas of environnental quality, occupational
safety and health, and product safety has not placed najor enpha-
sis on the relationship between benefits and costs as a criterion
in regulatory decisionnmaking; and in fact consideration of benefit-
cost relationships is ruled out in sonme cases, for exanple the
establishment of national primary air quality standards. Thus
regul atory agencies have had little incentive, until recently, to
devel op conprehensive and well docunented neasures of benefits and
costs. And they have found thenselves not well prepared to deal

with the current criticisns alleging overregul ation.

There has been a nunber of efforts to estimate vari ous as-
pects of the danmages due to air and water pollution or the

benefits that mght be expected to accrue from controlling



pollution discharges to air and water. Sone of these studies
have been based on new primary data sources, while others have
attenpted to draw inferences from secondary sources. Some of

t hese studies have had good data but used poor theory, others
have used good theory but have had poor data; and it is difficult.
to conpare the conclusions of these studies because of nonconpar-
ability in the data base, nethodol ogical franmework, assunptions
as to baseline conditions, etc.

The nmajor objectives of this report are first, to provide a
survey and critical review of the existing literature giving
estimates of national benefits or danages; second, where possible,
to place all the estimates in a comon franework with respect to
such factors as postulated change in pollution, year and price
level, and so forth, so as to facilitate conparisons, and third,
to draw upon this body of past research to obtain defensible and
consistent estimates of the benefits of controlling air and water
pollution. Although there is no effort to do so here, these esti-
mates could then be conpared with cost neasures to inform the on-

goi ng debate about overregul ation

It is not our objective, nor could it be given the existing
state of know edge, to determ ne whether the existing set of
environnmental regulations is optimal in the sense of equating
mar gi nal benefits and margi nal costs across all control activ-
ities for all substances. W cannot hope to provide such de-
tailed information to guide individual decisions, either at a

national or regional |evel. Rat her, here we are dealing



with national aggregate neasures of pollution and pollution
effects; and typically the data are for aggregates of pollut-
i ng substances. Finally, the best we can hope for is to pro-
vide estimates of the benefits of non-marginal changes in pol-
[ution, not accurate point estimates of marginal benefits.

W turn now to a discussion of the concept of benefits,
and the analytical framework w thin which benefit neasures can
be formulated and interpreted. First, it is inportant to draw
a distinction between the concept of benefits and the effects
of environnmental pollution. Pollutants can have effects on

people directly or indirectly through a variety of channels.

For exanple, pollutants can affect human health as neasured by

morbidity and nortality rates. Pollutants can affect individuals'

activities such as water-based recreation. O they can affect the

availability of goods and services through their influence on

agricultural productivity or the rates of deterioration of materi-

al s. Each of these types of effects has an econom c aspect. Con-

trolling pollution neans reducing the magnitude of these effects.
The values that people place on reducing the adverse

effects of pollution constitute our neasure of benefits. The

basis for determning these values is taken to be individuals'

pr ef erences. The benefit of an environnental inprovenent is

the sum of the nonetary values assigned to the effects of that

improvenent by all individuals directly or indirectly affected

by that action. These nonetary values can be defined in terns

of the individuals' wllingness to pay to obtain the effects of
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the environnmental inprovenent, or in terns of the suns individ-
uals would have to receive as conpensation in order to induce

them to accept voluntarily the adverse effects of pollution.

As a practical matter there is likely to be little difference

between the two conceptual approaches.l They will be assumed
to be equivalent in this report.

Second, we nust nake clear the distinction between bene-

fits and damages, Benefits are the value of some inprovenent

froma "dirty" status quo, while damages represent what is |ost
in noney terns because the em ssion of pollutants has degraded
the environnent from some natural "clean" state. pgepefits and
damages are mrror inmages of each other. The penefits of elim
inating all pollutants are equal in magnitude to the danmages
incurred because of the existing level of pollutants. t1he
benefit termnology is preferred because it is nore applicable
to policy decisions regarding potential environmental inprove-
ments. However many of the studies reviewed in this report

have used the danage term nol ogy

The benefits that stem from pollution control policy are
the product of three sets of functional relationships.

1. Changes in the rates of discharge and the tine and

pl ace of discharges of residuals into the environnment |ead

to changes in various neasures of anbient environnental

quality.

lSee WIlig (1976) and Freeman (1979a), especially Chapter 3,
and page 128.



2. Changes in anbient environnental quality lead to
changes in the flows of environnmental services to indivi-
dual s. These changes may in turn be reflected in changes

in the way individuals use the environnent.

3. Changes in environmental services lead to changes in

econom c welfare or benefits.

The first functional relationship is essential for [|ink-
ing benefit measures with costs, since costs are usually de-
fined in terns of the inpact of control activities on the rate
of discharge of residuals. In this study we will not take ac-
count of this set of relationships; rather, we wll take as
given a postulated change in anbient environnental quality.

Al t hough nmeasuring benefits involves the use of economc
theory and technique, the second functional relationship nakes
it clear that benefit estinmates nust be built on a foundation of
ot her types of know edge. For exanple, estimates of the health
benefits from air pollution control nust be based on scientific
knowl edge of the relationship between pollutant concentrations
and human heal t h. Estimates of recreation and fishery benefits
stemming from water pollution control require know edge of the
rel ati onship between pollutant |evels and biological productiv-
ity. Approaches to determning the changes in physical effects,
environnmental uses, or flows of environnental services nust be
specific to each type of environnmental pollutant and environ-
ment al use. These will be discussed as appropriate bel ow
Lack of know edge of these relationships may, in sone instances,

be the major barrier to enpirical estimtes or benefits.
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There are three basic approaches to determ ning the val ues

that individuals place on inprovenents in environmental quality.
One is to sinply ask individuals, through surveys and direct
questi oni ng. The second is to place proposals for alternative
| evel s of inprovenent in environmental quality to referendum
vote. Under certain circunstances, the outcone of the voting
process will be consistent with, and therefore reveal information
about, the underlying denmand for environnment inprovenent. The
third approach involves analyzing data from market transactions
in goods and services related to environmental quality. Under
certain circunstances, the willingness to pay for environnental
i mprovenments can be estimated from nmarket data about the demands
for goods and services that have substitute or conplenentary
rel ati onships with environnental quality. Al of the enpirical
techni ques actually used in an effort to obtain quantitative
estimates of benefits involve sone variation on one of these
basi c approaches. For further elaboration and discussion of
enpirical techniques based on these three approaches, see
Freeman (1979).

Since benefits have been defined as the dollar value of
the change in environmental quality, sone choice nust be nade
about the postul ated range over which environnental quality has
changed. The conceptually correct neasure of benefits woul d
conpare environmental quality levels !LLE_and wi t hout sone
specified degree of control, holding all other things equal
including the patterns of production, technol ogy, and demand

which determ ne the generation of pollutants. Thus one shoul d



conpare an actual observed outcone resulting from the policy wth
a hypothetical or counterfactual position reflecting the sane
underlying economc conditions and only differing because of the
i mpact of environnmental policy.

A major issue today is the inpact of already adopted environ-
nmental policies. To measure the benefits of existing policy one
shoul d conpare the actual environnental quality in the appropriate
year, say 1978, with that environnmental quality which would have
been experienced in 1978 in the absence of any legislation re-
stricting or controlling pollution, all other things being equal.
To inplement this neasure, we would have to have some way of pre-
dicting what the levels of economc activity and discharges to
the environment would have been in the absence of any controlling
| egi sl ation. Econom ¢ nodels can be devel oped for this purpose;

but it is beyond the scope of this project to do so,?

An alternative neasure would be to conpare environnental
qualities levels in, say, 1978 with actual environnental qual-
ity levels in the year in which the policy was adopted. Thi s
neasure has the virtue of being based upon actual observations
of environnental quality levels before and after the adoption
of the policies. But in a growing econony, it is likely to
lead to an underestimte of the conceptually correct or ideal

measure. This is because in the absence of a control policy

2For an exanple of this type of analysis, see U S. Council on
Environmental Quality (1978), pp. 419-421, and Waddel | (1978).
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popul ation growmh and increases in the level of economc activity
woul d have resulted in higher pollution levels in |ater years.

The two neasures descri bed above | ook at the actual or real-
i zed inpact of environnmental policies at a particular point in
tine. An alternative nmeasure would look at the benefits to be
realized if and when policies actually achieved stated targets
such as national ambient air quality standards. Again, the con-
ceptually correct neasure would conpare the hypothetical alterna-
tive of no policy with the world in which environnental quality
targets, had been net other things held equal. Alternatively one
could conpare the actual environnental quality levels at the tine
of adoption of the policy with the stated targets or standards on
the inplicit assunption that the targets would be net inmmediately.

Wthin the resources available for this project, it wll not
always be possible to inplenment these neasures. \Were the data
permit, we will attenpt to assess the actual benefits realized in
1978 resulting from reductions in pollution since 1970 and those
to be expected from the successful attainnent of stated environ-
mental targets. However in both cases this will lead to and un-
derestimate of the conceptually correct neasure since the conpari-
son will be with pre-policy actual environnmental quality levels
rather than the hypothetical "no policy but other things equal"
| evel s.

Even the nost careful estimate of benefits will contain in-
accuracies due to errors in neasurenment and statistical estima-

tion. And it will often be necessary to nake sone assunptions



regardi ng unknown paraneters. These sources of error and uncer-
tainty are especially inportant here given the present state of
the art and know edge about damage and benefit relationships.
The preferred approach to dealing with uncertainty is to adopt
the framework and |anguage of probability theory.3 This frane-
work can be utilized to incorporate information on the error
properties of statistical estimates and subjective probability
statenents in the determnation of expected values or nost |ikely
estimates and confidence intervals or ranges within which the
true value is thought to lie with sone probability.

Sone of the benefit estimates reviewed here have used a for-
mal or informal probability framework to establish nost [|ikely
val ues and lower and upper bounds. Qthers have sinply stated

point estimates as if they were certain. The synthesis estimtes

| present below will be stated in terns Of a range with |ower and
upper bounds. I will also state a nost reasonable point estinate.
Neither the range nor the nost reasonable point estimate will be
derived from a formal probability nodel, but rather will be based

on subjective judgments and estimates. The bases for these judg-
ments will be described for each estimate. The nbst reasonable

point estimate should not be cited or discussed independently of
the range of upper and |ower bounds, since to do so would convey
an entirely false sense of accuracy or certainty about inherently

i naccurate and uncertain val ues.

Ssee Freeman (1979), pages 30-32.
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CHAPTER 2
AR PCLLUTI ON CONTRCL BENEFI TS

I ntroducti on

The Cdean Air Act Anendnents of 1970 established a nmjor
federal policy effort to control stationary and nobile sources
of air pollution. In this section we review a nunber of previ-
ous efforts to estimate the benefits of air pollution control
in various categories such as health and nmaterials. Then,
where possible, we adjust these estimates to a comon set of
assunptions to make conparisons possible and utilize these fig-

ures to estimate the range of possible benefits and the nost

reasonabl e or "best guess” value. W provide estimtes of bene-
fits to human health, reduced soiling and cleaning costs, re-
duced materials damage, and inproved agricultural productivity
and the broad category of asthetics and anenities. W also ex-
am ne estimtes of damages as neasured by the effects of air
pollution on property val ues.

We take as our point of reference air quality levels in 1970
and estimate the annual benefits realized by the 1978 popul ation
due to air quality inprovenents between that date and 1978. It
must be recognized that this may be only a portion of the total
benefits of the air pollution control policies inplenented since
1970. The benefits due to prevention of further degradation, if
known, should be added to the abatenent benefits estimated here
W also attenpt estimates of the damages to the 1978 popul ation
whi ch woul d be experienced if 1970 air quality levels were ex-

perienced in 1978.



Heal th Benefits

The procedure used here for estimating human health bene-
fits involves three steps. The first is to determine the rela-
tionship between exposures to different levels of air quality
and human health as neasured by nortality and norbidity rates.
The second step is to use this relationship to predict the
changes in nortality and norbidity associated with sonme speci-
fied change in air quality and exposure to pollutants. The

third step is to use nonetary nmeasures of wllingness to pay to
assign values to the predicted changes in nortality and norbid-
ity. We will now describe each step in nore detail.

Getting better info&ation on the relationship between air
quality and human health is itself a major and difficult re-

sear ch task.1

One approach is to use nultivariate statistica
techniques to analyze data on nortality or norbidity and expos-
ures across different popul ation groups. As an alternative to
large scale statistical studies, analysts night attenpt to de-

rive dose-response functions extrapolated from |aboratory

studies of animals and of clinical effects on humans. 2 G ven an

1See Freeman (1979b) and references therein for further dis-
cussi on. This topic is also discussed in Lave and Seskin (1977)
Chapters 1 and 2. For reviews of the literature on health ef-
fects of air pollution, see Lave and Seskin (1977) Appendix A,
and Anerican Lung Association (1977) and (1978).

2Extrapolation from animal studies has been used for estimating
the effects of some toxic chemcals and food additives, but has
not been used as a basis for estimating air pollution health
effects. Cinical studies of humans usually show only acute
health effects and at exposures higher than typical anbient
levels. Thus they do not provide a basis for estimating the
effects of exposure to anbient pollution concentrations.
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enpirically or judgnentally derived dose-response function, the

next step is to predict the change in nortality or norbidity
condi tional upon the expected change in air quality, holding all
ot her variables constant. The third step is to determne the
nonetary value to be assigned to each death avoided or day of
i1l health prevented.

A nunber of approaches to assignhing nonetary values to ill

health or the loss of |ife have been proposed and/or utilized

L _ _ .
Wi P in the literature on the econonmics of health and safety. These
e 1. . . .
n iw"’ . approaches can be broadly categorized as determning val ues
"’0{’\.« .‘T\S:‘:
L2 i according either to individual preferences (wllingness to pay),

PR i T .
Al [T . . . -
- .nL 'dr to resource or opportunity costs. What follows is a brief

3 Ty H N 3
.t it evaluation of these approaches.

‘m‘ ™ " Val uing Health. The nost common approach to the valuation

}» 7Y of premature loss of life or increased norbidity is the so-
called productivity or human capital technique. This approach
values each life lost at the present value of the expected
stream of future earnings for that individual had that indivi-
dual's premature death been avoided. Mrbidity is valued ac-

cording to the loss of output as mneasured by earnings or inputed

earnings. This is a form of resource or opportunity cost ap-

proach to assigning val ues. It is based on the assunption that

3For nore extensive discussions of alternative concepts of the
value of life or safety, see Schelling (1968), M shan (1971),
Acton (1973), and Jones-Lee (1976). Rai ffa, Schwartz, and
Weinstein (1977) present an excellent discussion of concepts
and applications in the context of public sector decisionnmaking.
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earnings reflect the individual's marginal productivity, i-e.
the individual's contribution to total economc output. \th
the death or illness of the individual, that output is |ost.

There are three criticisnms of this approach. First, the
productivity neasure of benefits has no necessary relationship
to the theoretically correct measure, jndividual wllingness to
pay. Second, the productivity approach allows no role for the
probabilistic nature of death and death avoidance in the health
and safety areas or for differing individual attitudes or pref-
erences toward risk and risk avoidance. An individual could pay
no nore than the present value of his or her earnings stream
plus accunul ated wealth to avoid certain death. Byt the statis-
tical value of life based upon the person's wllingness to pay
for small probability changes could be several tines this anount.
Third, the inplicit judgnent underlying the productivity/human
capital approach is that an individual is worth what he or she
does, i.e., that output is a measure of worth. According to
this approach, preventing the premature death of a retired, un-
enpl oyed, or disabled person would have no value. This is
clearly an unacceptable ethical inplication of the productivity
concept .

Because of variation in patterns of earnings over the life
cycle and differences in |abor market experience anong indivi-
duals, including discrimnation, values derived from the pro-

ductivity approach depend crucially on the age, sex, and race

4For sone evidence on this point, see bel ow



of the individuals involved. For exanple, using a 6% di scount
rate and 1972 patterns of earnings, saving the life of a white

mal e between 30 and 34 years of age would prevent the |oss of

about $180,000 in discounted lifetime earnings (in 1972 dollars)
while for a nonwhite woman of the sane age, the earnings |oss pre-
vented would be only about $70,000 (Cooper and Rice, 1976). Sone
benefit-cost analyses using productivity values have attenpted to
adj ust for the age, race, and sex conposition of the population
at risk. Qhers have used averages for the population as a

whol e.

Anot her conponent of the resource or opportunity cost of
illness is expenditures on nedical care, i.e., doctors, hospi-
talization, drugs, etc. Rice (1966) and Cooper and Rice (1976)
have estimated the total direct costs of illness in the United
States. This total includes those expenditures associated both
with tenporary illness and with illnesses ending in death. Some
of the studies discussed bel ow have estimated the fraction of
this total that can be attributed to air pollution induced ill-
ness.

The major alternative to the productivity neasure is con-
ceptually nore attractive because it is consistent with the
basic theory of welfare economcs. It is to value increases
in longevity or reductions in the probability of death due to
accident or illness according to what affected individuals are

willing to pay to achieve them Individuals in a variety of



actions act as if life expectancy were |ike any other economc
good, that is, they are willing to trade-off |ife expectancy for
ot her goods and services which they value nore highly or vice
ver sa. They nake decisions which involve reductions in life
expectancy or increased probability of death in return for in-
creases in income or other goods and services, revealing thereby
that they perceive thenselves to be better off having nade these
choi ces. Sonme peopl e accept risky or hazardous jobs because of
hi gher wages. Sone people nake their trips between cities by
airplane rather than by bus or train because it is quicker and
nore convenient, even though the chance of accidental death is

greater.

.As these examples make cleér, the questionmié’ﬁqy how much
would a specific individual be willing to pay to avoid certain
deat h tonorrow. Rather, it is how nuch would the individual be
willing to pay to achieve a small change in the probability of
death during a given period. An individual's wllingness to pay
for changes in the probability of his death can be translated
into a nmore convenient figure for evaluating strategies, nanely,

the value of statistical |life or the value of a statistical

deat h avoi ded. Suppose, in a group of 1000 simlar individuals
each individual has a willingness to pay of, say, $1000 for a
policy which would reduce the probability of his or her death,

by, say, 0.01. This policy is a form of collective good for
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t he individuals involved; The benefit to the group is found by
adding across all individuals. The aggregate wllingness to pay
is one million dollars (1000 x $1000), and the expected nunber
of deaths avoided is 10. The group's aggregate willingness to
pay to avoid one death is then $100,000 ($1 mllion +« 10). This
we refer to as the statistical value per life.

Two approaches to the enpirical neasurenent of wllingness
to pay and the statistical value of life have been used in the
literature. One is to observe nmarket transactions where indivi-
dual s actually purchase or sell changes in their risk |evels.

For exanple, if wage differentials anong occupations are related
to differences in occupational risk levels, these differences
may be interpreted as reflecting, at the margin, individuals'
trade-of fs between certain kinds of risks and noney. The ot her
approach is to conduct surveys, asking individuals a series of
guestions about hypothetical situations involving safety/noney
trade-of fs. If the questions are carefully designed, and if

i ndividuals are capable of predicting accurately how they would
act if placed actually-in these hypothetical situations, their
answers may reveal the noney values they attach to reductions in
risk.5

There have been three major studies using wage rates to
estimate willingness to pay for risk changes. Al though the

first two studies were based on the sanme data on wages, they

SNei t her approach captures the willingness to pay of relatives
or close friends. Needleman (1976) has offered evidence that,
including others' wllingnesses to pay could increase the
statistical value of life by 25-100%
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reached quite different results. This is apparently due to dif-
ferences in the data on occupational risk. Thal er and Rosen
(1976) concluded in their study that the statistical value of
life lies between $273,000 and $508,000, with the best estimate

bei ng $391,300.6

These figures are in sharp contrast to the re-
sults obtained by Robert Smth (1976), whose estimtes ranged
between $2.2 mllion and $5.1 mllion. Finally Viscusi (1978)
found values for blue-collar workers between $1.8 mllion and
$2.7 mllion using a different set of wage and risk data. H's
paper also included a careful discussion of the possible explan-
ations for the differences in values cited here.

There are simlar differences in the results of two ef-
forts to use the survey approach to obtaining values for statis-
tical life. Acton (1973) obtained 36 responses from a strati -
fied random sanple of residents in the Boston area. He asked
people to state their willingness to pay for a comrunity program
of emergency coronary care which would reduce each individual's
probability of death by heart attack. Two different forns of
the question inplied values for statistical life of $47,000 and
$72, 000. Jones-Lee (1976) asked a simlar small sanple of indi-
vi dual s several questions about their wllingness to accept
hi gher airplane fares to travel on lines with |ower probabili-

ties of experiencing a fatal crash. The value of statistica

life inmplied by the respondents was about $6.1 mllion

Sall figures in the next two paragraphs have been converted to
1978 dollars through the Consuner Price I|ndex.
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These disparities anong the estimates suggest that substan-
tially nmore research is required before reliable estimtes of
the value of life can be obtained by these techniques. But the

results do suggest order-of-nmagnitude bounds on the appropriate

figures. . i
Aoy melluTivs

The published estimtes of f‘health benefits discussed bel ow
have relied primarily on the préductivity appr oach. One excep-
tion is Crocker, et al. (1979) who used estimates of willingness
to pay derived fromtw of the wage differential studies cited
above. In the "synthesis" estimate of health benefits to be de-
rived below, | explicitly reject the productivity approach. |
value nortality reductions according to a best estimate val ue
based upon these willingness to pay studies. Except for Acton's
study of the willingness to pay for energency coronary care, the
estimates cited above range from approxi mately $275, 000
to $6 mllion. Although these figures span a range of over one
order of magnitude, it seens highly likely that the "true" value
for a representative individual in 1978 falls within this range.
In the estimates below, | wll use a value of $1 mllion per
death avoi ded. However, the basis for the calculations wll be
provided so that the reader mght easily substitute another
val ue and conpute alternative measures of benefits accordingly.
Reductions in norbidity should also be valued according to
willingness to pay. However it is even nore difficult to pro-
vide a firm enpirical basis for the value of norbidity reduc-

tion. I will value reductions in norbidity alternatively at $20
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and $40 per day of illness or restricted activity. The $40 fig-
ure is roughly the average daily earnings for those in the |abor
force. However not all instances of norbidity result in |ost
earnings to individuals. They may work at reduced capacity, or
take paid sick leave; and norbidity may occur on other than work
days. On the other hand, the earnings neasure does not reflect
pain, disconfort, and anxiety. Again, the reader may substitute
other values in conputing his or her own estimate of benefits.

In addition to these inputed values for reduction in nor-
tality and days of norbidity, | wll include an estimate of the
savings in direct nedical expenditures. An individual's wll-
ingness to pay to avoid the onset of an illness which mght |ead

to death would, in principle, include the willingness to pay to

avoid the burden of the direct expenditures on doctors, hospita

ization etc. Thus adding direct expenditures to estinmates of

willingness to pay would seem to involve double counting. But

there are two reasons why that is probably not the case here.
First, the estimates of the willingness to pay to reduce the

probability of death are derived primarily from data where acci-

dental injury is the principal cause of death.’ In such cases,

t he associated nedical costs are likely to be small, and the

associ ated pain, suffering, and anxiety would be of short dura-

tion. Thus the willingness to pay to reduce the probability of

/The exception is Thaler and Rosen (1976) who used data on tota
nortality rates by occupation
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accidental death nay be a substantial underestimate of the wll-
ingness to pay to avoid death by sone other causes, for exanple
cancer. In the latter case, both nedical expenses and pain and
suffering may be substantially greater, as would the willingness
to pay to avoid them

Second, for institutional reasons such as nedical insurance

individuals do not directly bear all of the nedical costs of

their illnesses. These costs would not influence the individu-
al's willingness to pay to reduce the risk of incurring these
illnesses. Yet they are opportunity costs to society. For
these reasons direct nedical expenditures are added to wlling-
ness to pay neasures in conmputing. overall health benefits due to
reduced nortality and norbidity.

Stationary Source Air Pollution - Review For purposes of

policy design, it would be nost helpful to have separate esti-

LI

mates of the benefits of controlling each of the major air

pollutants——-suspended particulates, sulfur compounds, parggn
. 3 ’;(._g_c’!. >
) le

monoxide, nitrogen oxides, <end photochemical oxidantsA How-

s P

ever we do not presently have the knowledge of dose-response
functions required to provide disaggregated estimates of -
benefits. One reason for this is the high degree of correla-
tion in the levels of, and exposures to, sonme pairs of pollu-
tants such as suspended particulates and sul fur conpounds.
These two conpounds are emtted primarily from stationary
sources rather than from nobile sources such as the autonobile.

Most of the studies to be reviewed in this section have con-

sidered both particulates and sul fur conpounds together. The
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general conclusion is that together they have an inmpact on human

heal th, but because of the high degree of correlation between

them it is not possible statistically to separate their effects
using the convéntional tools of regression analysis. Iﬁ this - {,7‘
section we examine efforts to estimate the benefits of control- ., .

e << T
ling particulates andfsui;;;ﬁ;;;ggzgag\fcgether and take them as oo "

representing, to a fiféﬁ‘approximatidﬁ; the benefits of con-
trolling all stationary source air pollutants.8

There is now a substantial nunber of aggregate epidem ol og-
ical studies dealing with the effects of suspended particul ates,
sul fur conpounds, or both on human health. These studies have
used a variety of cross sectional and in some cases |ongitudina
data on nortality and/or norbidity and pollution |levels for
various popul ation sanples, including groupings by SMBA city,
county, and, in one case, census tracts within one urban county.
W will first review those studies dealing with nortality, and
the estimates of health benefits (sometinmes including norbidity)
whi ch have been based upon them Then we will turn to the nuch
smal | er nunber of studies examning the relationship between
norbidity and air pollution

In 1970 Lave and Seskin published the first report of their

ongoi ng research on the health effects of air pollution. They

SMore than half of all ni trogen oxi des emssions cone from sta-

tionary sources. However the major health problem associated wrdly L
nitrogen oxides is thought to stem from its role as a precursor

wi'th hydrocarbon, of photochenical oxidants. control policies ~_
for these substances has focused on nobile sources. Benefits of
controlling these substances will be discussed in a later sec-

tion.
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presented a thorough review of the existing literature on health
effects and reported the results of their own regression analy-
ses of data reported in this literature. They also reported the
first results of their own cross section analysis of 1960 nor-
tality and pollution data for 114 SNBA's. This anal ysis was

based on a sinple linear regression nodel of the follow ng forns:

M= a+ bP + cS + e
where Mis the nortality rate, P is sone neasure of pollution,
and S is a vector of socioecononm c variables such as percent
non-white, percent over 65 years of age, and percent poor.

It will be nbst convenient to report their results, and
others to follow, in the form of elasticities. An elasticity
neasure gives the percentage change in nortality associated with
a 1% change in a pollution variable. In linear equations, these
elasticities are conputed at the nean values of the independent
and dependent variables. The elasticities for Lave and Seskin's
own regressions on U S data on nortality from all causes were

as foll ows:

Total Death Rate

. Particulates .05
N /Sulfates .04
. ,'vr"‘ i _'_.-/ \\_‘_’/}
Yo 08 N 7 Sum -09
. " "’/‘ ! -".;
o, T Infant Death Rate
SR - e “-w__Particulates -07
e ' folfates " .03
s T - - .__________/’)
v oLt Sum .10
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Neo-natal Death Rate

Parti cul at es . 06
Sul f at es .04

Sum .10

Fetal Death Rate

Parti cul at es .09
Sul fate .05

Sum .14

These elasticities nean, for exanple, that a 1% (50% reduc-
tion in pollution would reduce total nortality by .09% (4.5%.
They also presented "best guess" estimates of elasticities by
causes for all pollutants conbined derived from their review of

the literature and re-analysis of the data:

Bronchitis Mrtality and Mrbidity .5-1.0
Lung Cancer Mortality .5
Respiratory Disease Mrtality and Mrbidity .5
Cardi ovascul ar Mortality and Mrbidity 2
Cancer Mortality 3

Lave and Seskin based their estimate of nonetary benefits
on the resource or opportunity cost concept of the value of
heal t h. They utilized data by Rice (1966) on the forgone
earnings due to nortality and norbidity and direct expenditures
on nedical care by disease category. Using their best esti-
mates of elasticities by category, and after some unspecified
m nor adjustnent, they estimated the benefits of reducing air

pollution by 50% to be approximately $2.1 billion dollars per



year in 1963 doll ars. Using the consunmer price index for a
crude adjustnent to 1978 dollars would place the figure at
approximately $4.5 billion

There are three comments to be nade about this estinate.
First the elasticities fromwhich it is derived are their con-
sensus "best guess" estinmates rather than those derived from
their regression analysis. Subsequent estimates by Lave and
Seskin have been based entirely on their own regression equa-
tions. Second, the postulated 50% reduction in pollution is not
based on any specific policy. Thus it is difficult to draw pol -
icy conclusions from this figure. Third, the dollar valuation
is based on the inappropriate resource or opportunity cost
approach. Using a willingness to pay approach would result in a
substantially higher figure.

A subsequent report by Lave and Seskin (1973) has been the
basis for four different estimates of air pollution control
each of which are discussed bel ow In this study Lave and
Seskin expanded their sanple to 117 SMSA's. Al data were for
1960. In their "best" regression equation on total nortality,
they controlled for the percent of the population non-white,
popul ation density, and the percent of popul ation over age 65.
They were not able to control for diet, snoking, exposure to
other environnental hazards, or other socioecononic variables.

Pol lution values were taken from one or at best a few nonitoring

stations in each urban area. They are not necessarily repre-
. LoT{o '
sentative of the,\exposure of any one individual or the exposure

hi story of thevpopulation. Lave and Seskin are quite aware of
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the limtations of their data set and the difficulties and pit-
falls in the analysis. For a full discussion, see Lave and
Seskin (1977).

Lave and Seskin found their best statistical results using
the arithnmetic nean of suspended particul ate readings over the
year and the mninum bi-weekly sulfate reading in the year. Co-
efficients on both pollution variables were positive and highly
significant. The elasticities were .053 for particulates, .037
for sulfates. The conbined elasticity for both pollutants was
. 09.

Waddel | was the first to use Lave and Seskin's results
as the basis for estimating national health benefits from air
pol lution control. \addell estimated that total suspended
particulate levels in 1970 would have to be reduced by 26% in
order to reach the national primary air quality standard.

Assum ng the sanme percentage reduction in sulfates, Waddell

used the conbined elasticity of 09 to predict a 2.34% reduc-
tion in total nortality and associated health costs. The aver-
age annual growh rates in private health expenditures and wage
and salary incomes were used to inflate the direct and indirect
health costs from Rice (1966) from 1963 to 1970 doll ars. Ri ce
did not allocate direct nedical costs between norbidity and
nortality. Therefore a 2.34% reduction in 1970 total health
costs nust be interpreted as an estimate of nortality and norbid-
ity benefits conbined. The resulting estimate was $3.73 billion
per year in 1970 dollars. This estimate enbodies the assunption

that the relationship between direct and indirect norbidity
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costs and pollution levels is the sanme as that observed between
nortality rates and pollution.

Waddel | then used a separate data set from the EPA CHESS
study (Environmental Protection Agency, 1974) to derive a sepa-
rate estimate of norbidity caused by respiratory diseases. The
CHESS data do not |end thenselves to regression analysis.
Waddel | apparently devel oped subjective estinmates of dose-
response functions for various types of respiratory diseases,
used them to predict the change in the nunber of cases of norbid-
ity, and applied inputed values to estimate benefits. The esti-
mates are not well documented in the report. On the basis of
the CHESS studies, he estinmated respiratory related norbidity
benefits of between $.9 and $3.2 billion per year with a md
poi nt of about $2.0 billion. These cannot be added to the Lave-
Seskin based estinate. Rat her Waddel |l deducted an estimate of
direct and indirect norbidity costs due to respiratory diseases
from the Lave-Seskin total, and added his own CHESS based esti-
mat e.

Finally, arguing that the Lave-Seskin regression equation
applies only to an urban popul ation exposed to high |evels of
air pollution while the Rice norbidity and nortality cost data
applies to the U S. population as a whole, Waddell adjusted the
Lave- Seskin estimate for the percentage of the total population
l[iving in urban areas (73.5%. This gives a revised estimte
for Lave-Seskin of $2.58 billion, which when added to the CHESS

norbidity benefits yields a total of $4.6 billion per year as a
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best estimate of the health benefits of attaining the national

NG e T

primary standards. The range is ' $1.6-7.6 billion per year. JJ,‘M Yaaag <

——— e

T AT e A - . C - AV
The main criticisms of this estimate concern the use of the ,w\#‘?
EIWAL i
CHESS data for the morbidity component of disease costs and the ';Q;A/f'
T
.J -y

use of the resource or opportunity cost basis for valuing health oo

benefits. The CHESS study itself has been subjected to a nunber
of criticisnms concerning its choice of methodol ogy and data.
And as indicated above, Waddell's use of the study to deternine
the incidence and value of norbidity costs is not well docu-

mgnted.

Kenneth Small (1977) used Lave and Seskin's 1973 regression
equation and estimated elasticity to conpute the benefits of a
50% reduction in air pollution, conpared to the 26% reduction
assumed by Waddell. There were three other principal differences
between Snmall's and Waddell's estimates. Small did not use the
CHESS data on respiratory disease norbidity. Rat her he foll owed
Lave and Seskin in assumng proportionality between nortality and
norbidity costs. This makes Small's estinate smaller than

Waddell's, since the CHESS costs imputed by Waddell were greater

NS |,
than &&e downward adjustment to Lave and Seskin's total cost fig- -
ure. Second, Small's estimate is based on 1963 dollars. That

is, he did not inflate the nortality and norbidity costs of Rice
to 1970 | evel s. Third, and nobst substantive, Small used a differ-
ent adjustnment factor to account for the urban conponent of total

health costs as estimated by Rice.
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Smal | argued that only the portion of the popul ation class-
ified as living in urbanized areas was subject to air pollution.
This percentage was about 55% in 1963. Smal |l argued that only
55% of the total cost of ill health estimated by R ce could be
attributed to people living in areas affected by air pollution
However, it should be recalled that Lave and Seskin's data were
drawn from SMBA' s. The total SMSA popul ation includes not only
those living in urbanized areas, but also others living in non-
rural areas within the geographic boundaries of the SMBA's. |If
t he non-urbani zed portion of the SMBSA population is not affected
by air pollution, Lave and Seskin's elasticities underestimate
the inpact of air pollution on the health of the urbanized por-
tion of those populations. The appropriate counter to this bias
would be to apply the Lave and Seskin elasticities to the tota
SMBA popul ation, not just the urbanized portion. Thus, | con-
clude that Small's method of adjustnent is inappropriate, and
his estimate is biased downward.> (Hs figure is $4.21 billion
in 1963 dollars or $7 billion in 1970 dollars.)

The final estinate based on the Lave and Seskin 1973 report
port was prepared by Heintz, Hershaft, and Horak (1976) for the

Envi ronnental Protection Agency. They started with Waddell's

9There is another factor which should in principle be taken into
account in adjusting for the urban conponent of the popul ation.
That is the greater incidence of ill health and associ ated

health costs in urban areas conpared to rural areas, i.e., the
so-cal |l ed"urban factor". If nmortality and norbidity rates are
greater in urban areas, for reasons other than--or in @addition
to--air pollution, then using the SMSA popul ation to conpute SMSA
health costs will lead to an underestinate. And since this fig-
ure is the basis for calculating health benefits, benefit esti-
mates woul d be biased downward as well.



estimate in 1970 dollars and used a detailed adjustnent to
Rice's 1963 total health costs to nake them applicable to the
1973 popul ation, prices and incones. These adjustnents vyielded
an estimate of $5.7 billion(in 1973 dollars)for the benefits of

a 26% inprovenent in particulants and sul fur conpounds.

In 1977 Lave and Seskin published the capstone of their
long-term research effort (Lave and Seskin, 1977). They used
mul ivariate regression techniques to investigate the relation-
ships between a variety of air quality indicators and nortality
rates. They estimated cross-sectional, tinme series, and conbin-
ation cross-section-tinme series nodels. They investigated the
i mpact of pollution levels on total nortality rates and nortality
rates disaggregated by age, sex, race, and disease specific rates.
They exam ned a variety of functional forns and nodel specifica-
tions, and undertook an extensive search for threshold effects.
Air quality variables were chosen to represent |ong-term or
chronic exposures for typical residents of urban areas. Ajr
gquality indicators for each SMBA were used along with other pos-
sible explanatory variables in regression equations to explain
nortality rates by SMBA In general the results of their analy-
sis support the hypothesis that higher exposure to air pollu-
tants leads to higher nortality rates. Moreover, they found no
evidence for thresholds for sulfates, particulates, or sulfur

di oxide. And they concluded that the l|linear nodel gives the best



fit to the data. 10

Table 1 provides a sunmary of their major results in the
form of elasticities calculated at the neans of the relevant
i near regression equations. The estimates of elasticities
across different data sets, nodel specifications, and degrees
of disaggregation are substantially simlar. These elasticities
provided the basis for Lave and Seskin's estimate of the health

benefits of controlling air pollution in urban areas.

To be conservative, Lave and Seskin chose the |owest elasti-
city nmeasure they obtained, that for their original 1960 equa-
tion for unadjusted nortality rates. They cited an EPA estinmate
that successful inplenmentation of the Cean Air Act Anendments
of 1970 would reduce sul fur oxide em ssions by 88% and parti cu-
| ate em ssions by 58% from 1971 levels by 1979. They assuned
that this would result in an equival ent percentage reduction in
air pollution [|evels. In other words they used a "roll back"
nodel . Using separate elasticities for sulfates and particul ates
(not reported in Table 1) they predicted a 7% reduction in nortal -

ity rates by 1979.

To assign a nonetary value to this reduction in nortality,
they utilized nore recent estimates of nortality and norbidity

costs devel oped by Cooper and Rice (1976). These data were for

lOHowever, for critical reviews of this body of work, see Landau
(1978), Viren (1978), and Thi bodeau, Reed, and Bishop (forthcom
ing). See also Lave and Seskin's response to Thi bodeau, Reed,
and Bishop (forthcom ng).



Table 1

Estimates of the Elasticity of Mrtality with Respect to
Air Pollution--From Lave and Seskin

Conmbi ned El asticity.

Air Unadj ust ed Age- sex-
Pol | utant s Mortality race adjusted
Model ( Combi ned) Rat e Mrtality Rate
1960 Annual Cross- Sul fates and . 094 . 096
Section-- 117 SMSA's particul ates
1969 Annual Cross- Sul fates and . 116 . 100
Section--112 SMSA's particul ates
1969 Annual Cross- Sul fates and . 106 . 096
Section--69 SMSA's particul at es
1969 Annual Cross- Sul fur dioxide . 126 . 110
Section--69 SMSA' s and particul ates
1960- 69 Annual Sul fates and . 094 . 102
Cross-sectional particul at es
time-series---
26 SMBA' s
1962- 68 Annual Sul fates and . 118 . 126
Cross-secti onal particul at es
time-series--
15 SMBA' s
1962- 68 Annual Sul fur di oxi de . 106 . 114
Cross-secti onal and particul ates
time-series--
15 SMVBA' s
1963-64 Daily Sul fur dioxi de . 108
time-series--
Chi cago

Sour ce: Lave and Seskin (1977) Table 10.1, p. 218.
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1972; so Lave and Seskin adjusted themto apply to a 1979 popu-
lation with its associated real incomes and relative prices of
nedi cal care. But the estinmates were presented in 1973 dollars

On the assunption that the reduction in air pollution has the

sanme percentage inpact on norbidity and nortality, they esti-
mated the reduction in total health costs (i.e. benefits) of an
88% reduction in sulfur oxide pollution along with a 58% reduc-
tion in particulates to be $16.1 billion at the 1973 price |evel
This estimate of benefits is substantially higher than any
of the previously cited estimates. This difference cannot be
attributed to differences in the underlying relationship between
pol lution and health. The elasticities used in this estimte
and the earlier ones by Waddell and others are essentially equal
There are three reasons for the differences. First Lave and
Seskin's estinmate applies to a larger 1979 population with its
associ ated higher real incone levels and relative cost of nedi-
cal care. Second, Lave and Seskin postulated a substantially
| arger reduction in pollution levels than that utilized by any
previous study. Third, unlike WAddell, they did not include an
adjustnent to the national health costs to exclude costs associ-
ated with the non-urban popul ation. Rat her, they assuned that
control of emnmissions nationwide would also yield equal percent-
age decreases in pollution levels in rural areas. Since only

about 73% of the national population live in SMBA's, the bene-

llSee Lave and Seskin (1977), page 225 and pages 348-349 for de-
tails of the adjustnents.

11
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fits to the urban popul ation are about $11.8 billion per year.
This is still substantially higher than any of the earlier esti-
mat es.

As part of their review of the Lave and Seskin work, L
La.\ij' Lek Ses2in 8 L
Thibodeau, Reed, and Bishop (forthcoming) replicated +hedix data

base and basic cross section equations for total nortality in
1960. They then examined the sensitivity of the results to the
treatment O six SMSA's which were outliers in the sense that
one or nore of their explanatory variables lay quite outside the
range of the remaining SMBA's. \Wen the outliers were deleted

there were significant changes in the coefficients of the pollu-

tion vari abl es. They concluded that their evidence supports the
exi stence of a positive relationship between air pollution (as
nmeasured by particulates and sulfates) and nortality, but that
estimates of its magnitude are quite sensitive to nodel specifi-
cation.

Viren (1978) was nore strongly critical of the Lave-Seskin
concl usi ons. He offered a variety of data from other studies
and from his own analysis of the 1960 air pollution and nortal -
ity data to support his contention that the association between
pollution and nortality may well be spurious. For exanple, he
cited studies that show a geographic pattern of cigarette con-
sunption which results in a positive association between snoking
and sone air pollutant variables, cited the well-established
connection between snoking and nortality, and argued that air

pol lution could be a proxy for snoking. He also cited evidence
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of strong regional gradients in nortality and sone neasures of
air pollution and argued that pollution may be a proxy for the
true determnants of nortality differences. He al so showed that
adding variables to the basic Lave-Seskin regressions would sone
times reduce one or both of the pollution variables to statisti-
cal insignificance.

Viren's results show both the presence and consequence of
mul ticollinearity anong the variables chosen for various re-
gressi ons. This is one of his najor points. However he did not
of fer compelling theoretical justifications for some of the
vari ables he chose to include. Nor did he utilize any of the
avail able statistical techniques for coping with multicolline-
arity. Thus although his study anply illustrates the difficul-
ties and pitfalls in analyzing data in this area and suggests
caution in interpreting positive results such as those of Lave
and Seskin, it does not disprove the hypothesis that air pollu-
tion causes nortality.

The remaining two major efforts to estinate nonetary neasures
of health benefits broke new ground in two respects. Fjrst they
provi ded separate estinmates of nortality and norbidity; and sec-
ond, they both eschewed the sinple reduced form linear nodel in
favor of nore conplicated nodels and estinmation techniques. Bot h
studies found smaller nortality effects than did those studies
based on the work of Lave and Seskin. One (Liu and Yu, 1976)
also found snaller norbidity benefits. However the other study

(Crocker, et al., 1979) found rmuch larger norbidity benefits.



In fact they are by far the nost significant form of health
effect according to their results.

Liu and Yu based their analysis of nortality on a sanple of
forty SMBA's which had sul fur dioxide readings in excess of
25 ug/m3 (mcrogranms per cubic neter) between 1968 and 1970. To
cope with anticipated nulticollinearity they utilized a forward
step-wi se regression nodel with the following structure. Fjrst

they estimated:
(1) M=a+bSi+cV\|/+u.

wher e I\/lI is the observed nortality rate in the ith SNVSA Si is
a vector of socio-economc variables (percentage of population
over 65, percent of population with incomes above the poverty
| evel, percent of population white, and percent of population

over 25 years of age with four years of college), Wi is a vector

of weat her variables, and u, is the error term They then re-

gressed the residual from (1) on pollution in a non-linear speci-

fication:

() M, - % =e'd-f/ By
1 R

ashmahzed
wher e i IS theAm)rtaIity rate as conputed from equation (1) and
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P is a pollution neasure. 12 The coefficient on sulfur dioxide

in (2) was positive and statistically significant. Liu and Yu
also estimated a |linear second stage equation with sul fur diox-
i de. In this form the sulfur dioxide coefficient was negative
but not significantly different from zero. Finally Liu and Yu
estimated a separate second stage equation with suspended partic-
ulates as the independent variable. The particulate variable
was not statistically significant.

| have three comments on the Liu and Yu procedure and re-
sul ts. First the estimation of separate equations for sulfur
di oxide and particulates is inappropriate, especially since the
two equations were then used to conpute danages for the two
pol | ut ant s. To the extent that the two pollutants are positive-
Iy correlated, the coefficients in the single variable equations
will be biased upward--each capturing sone of the effect of the

13

omtted variable. The preferred approach is to include all

rel evant pollution variables in the second equation.

1213u and Yu also estimated a third stage equation which they
called a "generalized average danmage function." They clained
it could be used to estimate damages or benefits for )
SMBA' s outside of their sanple. They formed a dependent vari -
able consisting of the sum of the conputed nortality rate from
equation (1) and the conputed residual given b%/ the estimated
form of equation (2). This was regressed on the full set of
soci o-econonmi ¢, weather, and pollution variables. This

nodel has been dism ssed as being virtually tautol ogical by
Smth (1977).

LB\ost air pollution data do display a correlation between sul-
fur conpounds and particulate levels. See for exanple, Crocker,
et al. (1979), p. 45, and Lave and Seskin (1977) p. 32. I'n

fact it is puzzling that Liu and Yu report a partial correlation
coefficient between the two pollutants of only .04.
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Second, the forward stepw se regression procedure is known
to bias the coefficients of the second stage equation toward
zero if the variables in the two equations are correlated with
each other. Thus the lack of significance of the pollution
vari able, except for the non-linear sulfur dioxide equation,
could be attributable to the estimating procedure.

Third, Lave and Seskin also used the forward stepw se pro-
cedure, but used a linear form for the second stage and included
both sul fur conmpound and particul ate vari abl es. Both pollution
variables were positive and significant, and simlar in magnitude
to the coefficients in their sinple linear nodel. 14

These differences in the results between Lave and Seskin
and Liu and Yu are puzzling. Thirty-three of the forty SMSA's
in Liu and Yu's sanple also appear in the sanple of 117 SMBA' s
used in Lave and Seskin's analysis of 1960 data. Thirty-four of
the forty also appear in Lave and Seskin's 1969 data set. The
two studies used simlar sets of socio-econonmc variables. Lave
and Seskin also included population and popul ation density, Liu
and Yu included three climate or weather variables in their
basic stage (1) equation. Lave and Seskin did not include such
variables in their initial analyses reported in Chapters 3 and
4, However, they did devote a chapter to a study of the inpact
of adding additional climate variables. They found that in gen-
eral the association between pollution and nortality was main-

t ai ned. Because of the larger sanple size, replication of the

14see Lave and Seskin (1979) pages 50-52.
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results with different data sets, and robustness of the results
t hrough various nodel specifications and functional forns, it
seens prudent to place nore confidence on the results of Lave
and Seskin.

After estimating a pollution-nortality relationship, Liu
and Yu enployed a version of the productivity approach to assign
nonetary values to the increase in nortality associated with air
pol | ution. They conputed a discounted present value of earnings
stream for a representative nenber of the |abor force between
the ages of 18 and 64. The earnings stream was adjusted upward
to account for the expected increase in productivity over tine.
Al so their approach to defining the opportunity cost of forgone
earnings is less precise than that enployed by Rice (1966) and
Cooper and Rice (1976) in that it does not take into account the
cross-sectional variation in earnings with age nor the differ-
ential inpact of pollution induced nortality across the age
structure of the popul ation.

Finally, Liu and Yu used their estimated equations and im
puted values to calculate the reduction in |lost earnings associ-
ated with reducing sulfur dioxide from the |evels observed
bet ween 1968 and 1970 down to a nmaxi mum of 25 ug/m3 for each
SMSA.  This disaggregated approach is to be preferred to the
aggregated elasticity approach used in the studies described
earlier. The benefits of reducing sulfur dioxide to the assuned
threshold of 25 ug/m3 for the 40 SMBA's in the sanple are $.9

billion per year in 1970 doll ars. Liu and Yu used a simlar
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calculation for nortality benefits due to particulate control,
even though the particulate variable was not significant in
their stage 2 regression. The total particulate control bene-
fits for the 40 SMBA's is $1.0 billion per year. The total for
particul ates and sulfur conpounds conmbined is $1.9 billion. It
should be noted that this estimte does not include the reduc-
tion in direct expenditures on health care, nor benefits due to
reduced norbidity. This estimate is not directly conparable
with any of the other benefit estimates cited here. This is be-
cause Liu and Yu have postulated nuch |arger decreases in pollu-
tion levels than any of the other studies and estimted benefits
for only 40 SMSA's.

Crocker et al. (1979) is an interimreport on an ongoing
research effort being conducted at the University of Wom ng.
This study is significant in that it was the first effort to
nodel the inpact of individual behavior and choice on epidem o-
|l ogical relationships. They argued that there may be reasons to
expect that variables which are exogenous in sonme structural
equations are in fact endogenous to the overall system being
nodel ed. Enpirical work on the health effects of environnental
pollutants has generally ignored the possibility of such sinul-
taneous equation relationships and their effects on statistical
estinmation. Wien single equations containing endogenous vari-
ables on the right-hand side are lifted out of the sinultaneous

system and estimated with ordinary |east squares, estinmated

coefficients may be biased. Wiere conplex processes wth



simul taneous relationships are involved, the nobst inportant of
them nmust be nodeled with a set of structural equations reflecting
these interrel ationships. Then appropriate statistical techniques
such as two stage |east squares can be enployed. Attention nust
also be given to the identifiability of the relationships to be
esti mat ed.

The following exanple illustrates the potential for simultan-
eous relationships of the health effects nodel and the potenti al
problens in estimation. First, suppose that sone neasure of nor-
bidity (M for a population is a function of exposure to an
environnental pollutant (P), access to nedical care (D) and other
vari abl es. Second, suppose that access to nedical care depends
upon average income (Y). Finally, incone itself may depend upon
the health status of the population. For exanple, higher norbid-

ity means nore days lost from work and |ower earnings. Specific-

ally:
(3) M= aO + alD + a2P + ul
(4) D = bO + blY + u2_
(5) Y = ¢ + c. M + y

0 1 3
wher e ﬁl, Uy, and ug are error terns and the coefficients are

hypot hesi zed to have the follow ng signs:
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Morbidity, doctors and inconme are all endogenous to the system
even though they each appear as an independent variable in one
structural equation. If (3) were estinmated by ordinary | east
squares, the paraneter estimtes would be inconsistent. Furt her -
more, in this specific case, (3) cannot be identified.

In their analysis of nortality, Crocker et al. focused on the
simul taneous determnation of nortality and the availability of

nmedi cal care as neasured by doctors per capita. They did not
present an explicit statement of the structure of the underlying

nodel . But the structure that is inplied by their specification

of estimating equations is of the following form

(6) M='a, +a;D+aP+aS+aB+alF+al+uy
(7)_ Dg = by + b, ¥ + b,P + b,S +‘b4B + b F + b.E + u,
(8) ~Dg=D, =D

where (8) inplies that the supply of doctors always is adjusted
to equal demand, and where S represents a vector of socioeconom c
vari ables such as the age structure of the population, racial
conposition, and educational attainnent; B represents a vector of
behavi oral variables such as snoking habits and exercise; F repre-
sents a vector of dietary variables; and E represents a vector of
ot her environnental variables such as radiation exposure and cli-
mat e.

For the first stage, they estimated a reduced form equation

for doctors which included all of the exogenous variables except
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. W 1
pol%g;%pn: For the second stage, they computed a doctors vari-

able from the estimated reduced form equation and used it in
estimating equation (6), first excluding the pollution variables,
and then including pollution for purposes of conparison. The

pol lution variables included were annual averages for nitrogen

di oxi de, sulfur dioxide, and suspended particulates. Wen equa-
tion (6) was estimated for total nortality, only two of the three
pollution variables had positive signs, and none even approached
conventional |evels of statistical significance. The conput ed
elasticity for the three pollution variables conbined is about
an order of magnitude snaller than those reported by Lave and
Seskin (1977). They also re-estimated (6) for nine separate

di sease specific nortality rates, jncluding those for heart

di sease, vascular disease, cirrhosis, and cancer. They found
statistically significant pollution variables in tw of the nine
di sease specific nortality rate equations. gyspended particu-
lates were significant in the equation for pneunonia and influ-
enza; and sul fur dioxide was significant in the equation for

early infant diseases.

The elasticities of the disease specific nortality rates
with respect to the significant pollution variables were .09 for
early infant disease/sulfur dioxide, and .39 for pneunonial/parti-
cul at es.

Crocker et al. conputed benefits for reduced nortality due
to pneunonia and early infant deaths by postulating a 60% reduc-
tion in pollution in urban areas. They assuned a value of life

of $1 mllion in 1978 doll ars. The urban population at risk was
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estimated to be 150 mllion. Applying the estimated elasticities
to the disease specific nortality rates led to a benefit estimte
of $15.9 billion per year. 15 This estimate of benefits is very
close to that provided by Lave and Seskin (1977). But this is
primarily because of two offsetting effects, a nmuch higher im
puted value of life conbined with a much |ower estinmated inpact
of pollution reduction on nortality.

Because of the substantial differences between Lave and
Seskin and Crocker et al. in their underlying epidemological re-
| ati onships, this aspect of these two studies deserves careful
scrutiny. In what follows, | wll focus first on differences in
nodel structure and the sinultaneous equation nodel presented by
Crocker et al., and second on differences in their choice of
variables to include in the nortality equation.

Lave and Seskin and others chose to work with a sinple (usu-
ally linear) nodel in which all variables except nortality
were taken to be exogenous. The sinultaneous equation approach

chosen by Crocker et al. is in principle superior, provided that

there are in fact significant interdependencies anong the vari-
ables, and that these interdependencies are correctly nodel ed.

One major form of interdependency is that between the adverse

effects of exposure and individual actions undertaken to reduce

or avoid exposure. These could include changes in residence or

“~“Using a lower value of |life derived fromthe work of Thaler and
Rosen (1976) of $340,000 in 1978 dollars led to a benefit esti-
mate of $5.1 billion per year.



occupation, mgration from high pollution to low pollution
areas, and a variety of other types of averting behavi or. 16
Crocker et al. did not choose to investigate this set of inter-
dependenci es. If they turn out to be inportant in practice,

then for this reason alone, the Crocker et al. nodel would be

m sspeci fi ed.

Rat her Crocker et al. focused on the role of medical care in
mediating the effect of pollution on nortality. This may al so
be inportant, but their nodel does not appear to be capable of
di sentangling the separate influences of the availability of med-
ical care and the exposure to pollution on nortality.

In the equations they chose to report, they did not include
any measures of pollution in the first stage reduced form equa-
tion explaining doctors per capita. They eventually reported that
they included pollution variables in a separate set of estimates
and stated that for the nortality equations, "the results are con-
sistent for the effect of nedical care and for the positive asso-
ciations between sulfur oxides and infant diseases and for parti-
culates and pneunonia (1979, p. 67)". They also reported a signi-

ficant negative association between air pollution and doctors in

the first stage reduced form equation. They said

"It appears that doctors nmay choose not to live in pol-
luted cities (perhaps for aesthetic reasons). If this

is the case, one can easily explain false positive

165.e Zeckhauser and Fi sher (1376).



associ ations between air pollution and nortality where

nmedi cal care is excluded as an explanatory vari able.

| f doctors avoid polluted cities, and if doctors do re-
duce nortality rates, then pollution could well be asso-
ciated with higher nortality rates; but not because of

any direct health effect of air pollution or nortality

(1979, p. 68)."

In schematic terms, Crocker et al. are proposing the follow
ing causal relationship:

Fewer
{ Doctors

But the reported evidence is consistent with either of the foll ow

i ng causal nodels:

or

Fewer Doctors

b
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In the latter nodel, the availability of doctors does not influ-
ence nortality, a result that Crocker et al. say is consistent
with the existing epidemological literature (1979, p. 25).

There is another question concerning their nodeling of the
availability of doctors. Equation (5) above is inplicitly a de-
mand function for doctors. The observed availability of doctors
may be the result of sone equilibrating process between denand
and supply functions. Crocker et al. suggest a supply nechani sm
in which pollution enters negatively in conparison wth a pos-
sible positive effect of pollution on the demand for doctors.

But the supply side has not been explicitly nodeled in deriving
the reduced form equati ons. This aspect of the nodel has not
been given sufficient attention

There are several differences in the data used in the regres-
sion between Crocker et al. and Lave and Seskin which mght help
to explain the differences in the results. First, Lave and Seskin
used SMSA's as the unit of observation while Crocker et al. used
cities. Both choices lead to problens because of the non-
honogeneity of populations within the units, spatial variation in
actual air pollution levels within the unit, etc. It is not
clear that either should be preferred on a priori grounds. But
it is conceivable that the differences in results could arise
because of differences in the choice of unit of observation.

More experinmentation wth alternative conbinations of units of
observation and nodel specification would be desirable

There is a major difference in the treatnment of the age
characteristics of the population. Lave and Seskin used per-

cent over 65 in the total nortality and the disease, sex, and race
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Anot her possibly inportant difference is that Cocker et
al. attenpted to control for diet while Lave and Seskin did not
include dietary vari abl es. Controlling for dietary factors (as
well as other environnental health hazards such as contam nation
of drinking water, occupational exposures to toxic substances,
or ionizing radiation) is desirable in principle. But as in the
case of snmoking, it is difficult to find data on popul ation
aggregates which adequately reflect the idiosyncracies of indi-
vidual behavior. Crocker et al. constructed variables for con-
sunption of protein, carbohydrates, and saturated fatty acids
for each city on the basis of a U S Departnment of Agriculture
survey of food consunption by inconme level in four regions of
the country. Each city's consunption was a wei ghted average of
the consunption by income class in that region, where the
wei ghts represented the inconme distribution of the city.

Protein is significant and positive in the equations for
total nortality, cancer, and enphysena/bronchitis; and aninal
fat is significant in heart disease. This illustrates the im
portance of trying to control for dietary factors. But one
nmust question whether the variables used by Crocker, et al.
reasonably reflect differences in diet across cities or differ-

ences in incone distribution.

All in all, the results of the Crocker et al. study should
nmake one nore cautious about basing conclusions about the air
pollution-nortality relationship on the results of Lave and Ses-
ki n al one. However there are enough questions about the nodel

structure and choice of variables enployed by Crocker et al. to
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suggest that one should not reject Lave and Seskin and accept the
Crocker et al. results yet. Rather, the questions identified
here should provide a basis for further investigation. In fact,
both sets of authors are engaged in additional research at this
witing. And it is to be hoped that a clearer picture wl

energe shortly.

All of the studies discussed so far have used dose-response
information on the nortality/air pollution relationship to de-
rive nonetary neasures of benefits. Several studies have had
the nore Iimted objective of obtaining information only on the
dose-response function. These studies nmay be useful as a check
on the magnitude and accuracy of benefit estinmates. In one such
study, Schwing and MDonald (1976) investigated nortality anong
white males in 46 SMSA's in the years 1959-61. The pollution
nmeasur es were: hydrocarbon potential, derived from vehicle niles
traveled on the assunption that em ssions and pollution |evels
were proportional to vehicle mles; sulfur dioxide potential
derived in a simlar manner from estimates of stationary source
em ssions; annual averages of nitrogen dioxides in 1969; and
sulfate and nitrate neasures from 1965. The "potential" mneas-
ures of pollution nmay be quite poor because of photo chem ca
transformations and dispersion. Aso they did not use a meas-
ure of total suspended particul ates. Schwi ng and MacDonal d
controlled for various climate and soci oeconom c variables and
used a proxy for snoking derived from cigarette tax data. They

enpl oyed ordinary |east squares, along with ridge regression
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and sign constrained |east squares to cope with multicolinear-

ity problens.

One set of regressions investigated disease specific nortal -
ity rates for fifteen categories of disease. The results were
sonewhat mxed but with a tendency for sulfur conmpound variables to

show positive elasticities. A second set of age specific tota

nortality rated equations showed a nunber of positive elasticities

for sul fur conmpound neasures. Sonme representative elasticities
are:
by ridge by constrained
regressi on | east squares

Wiite nmale |lung cancer and
sul fur comnpounds . 016 . 041

VWite nale arteriosclerotic
heart di sease and sul fur
conpounds . 005 . 027

Wiite male total nortality
and sul fur conpounds . 022 . 045

Estimates of elasticities for nitrogen conpound varied substanti -
ally in sign and magnitude across equations. And the results

for hydrocarbons were generally inconclusive. The elasticities
for sulfur conpounds are the sane order of magnitude but some-
what smaller than those reported by Lave and Seskin for sulfur

and particul ate conmpounds conbined. Thus while there are
reservations about this study (the quality of the snoking and

air pollution measures) the results are not inconsistent with
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t hose of Lave-Seskin.17

In a recently published study, Mendel sohn and O cutt (1979)
conbined data on illness related death rates, pollution |evels,
climate, and socio-economc variables all classified by county
group. The nortality rates were for illness only. Pollution
measures were for 1970 and included sulfates, nitrates, tota
particul ates, carbon nonoxide, sulfur dioxide, nitrogen dioxide
and ozone.

Results were reported only for white nmales and white
femal es. Total nortality and age specific nortality rates were
conput ed. Sul fates had positive and significant coefficients
for all adult whites. Sul fur dioxide and carbon nonoxide also
had positive coefficients for nost adult age and sex groups.
However ozone was typically negative and significant in over
hal f the specifications for total nortality for white nmales and
f emal es. It was also negative but only occasionally signifi-
cant in age specific equations. QG her pollutants had both
positive and negative signs and were generally not statistic-
ally significant. Because of inconplete reporting of the data,

I was not able to conpute any weighted average aggregate el as-

ticities. However the sum of elasticities for sulfur dioxide and

171 n Jackson et al. (1976) the Schwi ng-MDonald results provided
the basis for an estimate of national air pollution control bene-
fits for controlling sulfur, nitrogen conpounds and hydrocarbons.
The age specific regression equations for white males were
assuned to apply to the total urban popul ation. These equations
were used to determne the reduction in nortality for the total
abat ement of pollution. This involves extrapol ation beyond the
range of the data used in the regression equations and assunes
background levels are zero. Rice's data on cost of illness were
used to conpute benefits of $12.5 billion per year for tota

abat enment of sulfur conmpounds and particulates in 1968 doll ars.
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sulfates in the adult male and female age categories ranged from

approximately .10 axd .20.

The results for sulfates and sulfur oxides tend to support
a conclusion that there are significant health benefits for
controlling sulfur em ssions. However, the results also pro-
vide sone support for a conclusion that ozone reduces nortality.
Viren (1978) argued that both results may be due to a spurious
associ ation of pollution neasures with a strong west to east
gradient in regional nortality rates. But this | eaves unans-
wered the question of what factors, environmental or otherw se,
are responsible for the higher nortality rates in the eastern
part of the country.

Li pfert (1979a) used cross section data on annual average
| evel s of sulfur dioxide, total suspended particul ates, suspended
sul fates, benzo-(a)pyrene, iron, and manganese for over 150 U. S
cities to examne the relationship between air pollution and age
specific nortality rates. Regression equations included percent
over 65 years, percent non-white, percent in poverty, birth rate,
and variables reflecting age of housing stock, snoking, education,
and popul ati on. In a stepwi se regression procedure sul fur diox-
ide was excluded as not adding to the explanatory power of the
equat i ons. Particulates were significantly positive in the equa-
tion for total nortality and for some of the age specific rates.
Generally the effect of particulates increased with age. The
elasticity for particulates in the total nortality equation was
.071. Sulfate particles were significant and positive in one

equation but significant and negative in several others. In
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a second paper Lipfert (1979b) used the sane explanatory vari-
ables to exam ne disease specific nortality rates. Sulfur com

pound and particulate variables were generally insignificant.

Finally Gegor (1977) examned the variation in sulfuréﬁiox-
Ac

ide, suspended particulates and mortality across census, in

Al l egheny County which includes Pittsburgh. Cont r ol v;riables

i ncl uded incone, race, education, a neasure of snoking, access
to medical care, population density and clinmate vari abl es. The
particul ate variable was significant, but sulfur dioxide was

not . Particulate elasticities in various age specific equa-
tions and for different groupings of cause of death (all causes,
pollution related, non-pollution related) ranged from .2 to .89
These are nmuch higher than those found in other studies.

In the last study to be reviewed, Finklea et al. (1977)
used best judgnent estimates of adverse health effects associ -
ated with sulfur oxides to estimate the benefits of neeting
anbient air quality standards while economc growh and fossi
fuel conbustion to produce electricity continued over the
period 1975 to 1980. They did not provide nonetary estinates
of benefits, but only estimates of the reduction in premature
death and various forms of norbidity. Their estimates of re-
duced nortality, etc. are conparable in magnitude to those ob-
tained by other researchers using regression analysis.

We turn now to norbidity and consider the results of five

separate studies. The first is by Liu and Yu (1976). Thei r



estimate of norbidity benefits was derived from the CHESS study
(Environnental Protection Agency, 1974). As indicated above,
the CHESS data are not in a form anenable to regression analysis.
However, Liu and Yu enployed an inmmginative technique to try to
overcone this difficulty. The CHESS study covered four geo-
graphic areas. In each, sulfur dioxide and suspended particu-
|ate |levels were recorded for each of several sub-areas categor-
ized as low, internediate, or high pollution areas. Liu and Yu
regressed the bronchitis preval ence rate against pollution read-
i ngs. Separate regressions were run for sulfur dioxide and
particul at es. There were no other control variables in either
set of equations. The nunber of observations for each equation
ranged from3 to 5. Significant coefficients for a pollution
variable were found in two of the eight regressions.

Al'l eight regression equations were then used to generate a
| arger sanple of pollution and norbidity data through Mnte Carlo
t echni ques. This sanple was used to regress norbidity on sulfur
dioxide and particulates in separate non-linear regression equa-
tions. Liu and Yu then applied their own estinmates of direct
(physi cians, hospitalization, drugs, etc.) and indirect (I ost
earnings) norbidity costs. Applying these inputed cost figures
to the reduction in norbidity predicted by their Mnte Carlo
regression technique produced estimates of norbidity benefits

of $99 mllion for sulfur dioxide and $141 mllion for particu-

| at es. 18

Brhere are errors in the tabular presentation of the data.
The figures here include corrections provided by Liu.



The major weakness with the Monte Carlo technique is the
weak enpirical foundation on which the Mnte Carlo data genera-
tor is based. Liu and Yu do not investigate the errors of the
estimates of the neans and standard deviations enployed in the
Monte Carlo nechanism to generate the sanple data for their re-
gr essi ons. Thus one cannot estimate the inpact of these initia
errors on the error properties of the dose-response functions
used to generate the benefit estimates.

Crocker et al. wused a University of Mchigan |ongitudina
survey of approxinmately 5,000 households to estinmate the nor-
bidity effects of air pollution. The survey consisted of annua
interviews from 1968 through 1976. The survey questions applied
to the work and health experience of the head of househol d. The
data include socioeconomc variables, work experience, and
pl ace of residence. Thus it is possible to determ ne residen-

tial air pollution levels for a substantial part of the survey

group and to control for mgration and its effect on the expos-
ure histories of the nmenbers of the sanple.

The research consisted of two stages. In the first, the
aut hors sought to determine the association between neasures of
acute and chronic health effects and annual averages of nitro-
gen dioxide, sulfur dioxide, and total suspended particul ates
in the counties in which the sanple resided. Acute illness was

nmeasured by nunber of work days lost as reported in each annua

i ntervi ew.



In nine different |inear regressions on seven sanples
drawn randomy from the total survey group, a pollution neasure
was statistically significant with a positive sign in explain-
ing acute illness. El asticities conputed at the nean ranged
from about .3 to .6. Partitioned sanples were also drawn.
Pollution was significantly positive for those househol ds al-
ways living in one state and for those with real incones equal
to or less than $7,500, but not significant for households with
heavy cigarette consunption or chronically disabled househol ds.

Chronic illness was defined in terns of disability, that
is, some limtation on ability to work. The variable analyzed
was the length of the disability period. This variable was
scal ed as foll ows: Equal to or less than tw years = 1;
2-4 years = 2; 5-7 years = 3; 8 years or nore = 4; and otherw se
= 0. There are two questions to be raised about this neasure of
chronic illness. First there are many forns of disability which
are entirely unrelated to air pollution, for exanple those due to
war injury, occupational or other forms of accidental injury, or
congenital defects. Second, it is not clear from bionedical con-
siderations why the length of the disability, or nore precisely,
the interval from the onset of the disability to the tine of the
survey should be a function of air pollution levels at the tinme of
the adm nistration of the survey. These questions about the defi-

nition and measure of chronic illness take on considerable signi-

ficance below when it is seen that according to Crocker, et al.,

chronic illness accounts for about 95% of the total econom c
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inpact of the norbidity associated with stationary source air

pol | uti on.

In the unpartitioned sanples, a pollution variable was sig-
nificant and positive in four of the seven equations to explain
l ength of disability. Pollution was significantly positive in
all four of the partitioned sanples. Reported elasticities
ranged from .25 to .95. 19

In the second stage of analysis, Crocker et al. utilized a
recursive nodel to assess the inpact of air pollution on both

acute and chronic illness, and through them on hours worked and

wages. This nodel had the follow ng structure:

Length of Disability =L = f(P, Db S, B M E)

Acute Illness = A =g¢g(L, P, S, B, M E

Wage = W= h(L, Db AL S B, O

Hours Worked = H = k(W L, A P
where M represents access to nedical care, D is severity of
disability, C represents a vector of human capital and related
variables influencing productivity, and F represents other con-
ventional determ nants of |abor supply.

The value of reduced norbidity due to air pollution con-

trol is based on a resource-opportunity cost concept neasured
by forgone earnings, but it does not include direct nedical

expenses. Benefits are defined as:

19These figures are offered for illustrative purposes only. Tr ue
el asticities cannot be conputed because of the open-ended class
interval for the dependent vari able.
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They cal cul ated the per household benefit for a one pg/m3 reduc-
tion in pollution as neasured by suspended particulates to be
$4.80 per year in 1978 prices or $288 per year for a 60% reduction
in particulate pollution. Remenbering that the $288 benefit fig-
ure was derived from the responses from heads of househol ds and
was not necessarily a per capita benefit figure, there are sev-
eral ways in which this nunber can be used in estinmating national
aggregate benefits for controlling air pollution induced norbid-
ity. At one extreme, Crocker et al. assunmed that every nenber
of the urban population of the United States is or will be a head
of household and therefore experiences (on average) the sane
annual benefit. Gven this, a 60% reduction of pollution (as
nmeasured by particulates) results in annual benefits of between
$28.4 billion and $58.1 billion with a npbst reasonabl e point
estimate of $43.2 billion. To provide a nore conservative esti-
mate, Crocker et al. assuned that the earnings of working w ves
are 60% of their husbands', and that there are additional bene-
fits due to inproved productivity in household activities. They
conputed benefits to the 1970 urban population of $25 billion

per vyear. 20 The | ower and upper bounds are $16 billion and $34

billion. Finally as an alternative to these assunptions, one

20For details see Crocker et al. (1979), p. 160.
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could assune that the individual figure applied only to heads
of households in urban areas and that no other nenbers of the
househol d experienced pollution induced norbidity |osses. Then
if 68% of the 63.4 mllion households in 1970 lived in urban

areas, annual benefits would be $12.4 billion

These estimates, if valid, suggest that air pollution induced
norbidity may be nore significant in welfare terns than nortality.
This is an inportant conclusion. But there are several problens
in the study which should nmake one cautious about placing great
wei ght on the precise figure. W have already nentioned the
large role played by the length of disability in the benefit
measures and the questions about the use of this as a neasure of
t he preval ence of chronic illness. The second issue is possi-
bl e biases in the sub-sanple selected for each regression run
For both acute and chronic illness, only those households re-
siding in counties with air pollution data were included. This
probably biases the sanple toward urban and nore-highly polluted
areas. The sanple for the chronic illness equations was nore re-
stricted to include only those who had lived within the sane state
t hroughout their |Iives.

In several instances, Crocker et al. have used integer val ues
rather than dummy variables to represent different possibilities.
For exanple, for education attainment, grades O to 5 are assigned

a value of 1, grades 6-8 a value of 2, etc. In one case (degree

of disability) the integer values assigned do not correspond to a
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nonotoni ¢ ranking. And last, the study did not control for
occupational exposures to toxic substances.

Two norbidity studies Iimted their attention to hos-
pitalization rates. Carpenter, et al. wutilized data on hos-
pital admssions in Alegheny County, Pennsylvania and sul fur diox-
ide and particulate levels at the patient's residence. They found
significant associations between pollution levels and respiratory
and circulatory system diseases. It is not possible to conpute
the elasticity from the data reported. Hospital costs per day
were used as a neasure of the benefits of achieving air quality
st andar ds. Benefits were estimated to be $9.8 million per year in
1972--or $6.13 per capita. This is an underestinmate of the total
cost of pollution related norbidity. In contrast to these results,
in a simlar study of Portland, Oegon, Bhagia and Stoevener
(1978) did not find a significant association between daily
suspended particulate levels and utilization of in-patient nedi-
cal services by already hospitalized patients. Both of the
studies can be criticized for not treating the decision to seek
hospitalization as in part an economc one which would be in-
fluenced by price and incone.

The last study to be discussed involved best judgnent
estimates of dose-response relationships rather than enpirical
estimation. Gol dstein contributed a thorough review of the
literature on the health effects of sulfur conpounds to the
Nati onal Acadeny of Sciences study of the control of stationary

source air pollution (National Acadeny of Sciences, 1975). To
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conclude his review, Goldstein offered subjective, best judgnent
estimates of the percentages of total observed health effects in
different categories which could be attributed to sulfur oxides

21 He attributed the follow ng percentages of disease

pol | uti on.
preval ence or incidence in various categories to the presence of
sul fur oxides: chronic bronchitis prevalence - 10% acute nor-
bidity during the course of chronic respiratory disease - 10%
upper respiratory infections - 1% asthma attacks - 5% These
estimates inply an elasticity of about .05 for this type of
norbidity.

It may difficult to discern a pattern from this |engthy and
detailed review and evaluation of existing estimates of the
health benefits from stationary source air pollution control
Table 2 organizes and summarizes the information reviewed above
on eight different studies. The first five colums of the table
present information that nmay neke it possible to identify the
maj or sources of differences anong the estimates. The next to
the last colum presents the aggregate benefit figure as stated
in the original study. These figures are not directly conparable
because the studies utilized different bases for inputing values,
assuned different percentage reductions in pollution, and they are
for different years with different prices, incones, etc. The

| ast columm represents an effort to correct for these latter two

sources of differences. The Consumer Price |Index has been used

2lsee National Acadeny of Sciences (1975), pp. 144-149.



Table 2

Summary of Estimates of Health Benefits from Stationary

Source Air Pollution Control

Source Basis of Implied or Basis for' % Reduction Year Benefits Adjusted to
Response - - Computed Values in Pollution (Billion) 1978 and 20%
Function Elasticity Reduction "in
Pollution &
Lave g Subjective .09 Resource/ 50% 1963 $2.1 $1.8 b
Seskin Judgment based Opportunity
(1970) on literature Cost-Rice
review and own (1966)
regressions.
Waddell |Lave-Seskin .09 Resource,/ 26% 1970 $4.6P $5.9 b
(L974) (1973) regres- Opportunity
sions on 1960/ Cost~Rice
61 data by (1966) ad-
SMSA CHESS-EPA justed
(1974) for
respiratory
morbidity.
Small Lave-Seskih .09 Resource/ 50% 1963 $4.2 $3.6
(1977) {1973) Opportunity
Cost~Rice
(1966)
Heintz, {same as Wad- .09 (Same as 26% 1973 $§5.7 $6.4
llexrshaft, dell) Waddell)
& Horak
(1976)
Lave & Lave-Seskin .09 Resource/ 88% for 1973 $l6.1 $4.7c
Seskin (1977) S. Opportunity Sulfur
(1977) Regression on Cost~Cooper compounds
1960/61 data & Rice (1976)" 58% for
by SMSA particulates
Lia & Liu & Yu (1976) —~ Resource/ ¢} 1970 $ 2.2e $3.7f
Yu two stage Opportunity
regressions-— Cost
by SMSA

_Eg—



Table 2 (continued)

Source Basis of Implied or Basis for % Reduction Year Benefits Adjusted to
[ Response Computed Values in Pollution (Billion) 1978 and 20%
Function Elasticity Reduction_in
Pollution?
Crocker, —|Mortality - Willingness 60% 1978 $15.9 $5.3
et.al.1979 Crocker et al to pay §1
(1974) regres- million per
sions by city life
Crocker, |Morbidity -- Productivity 60% 1978 $43.2 $14.4
et al 1979|Longitudinal changes in g g
household wages & work ($14.5) ($ 4.8)
survey hours
TOTAL
$19.7
, ($10.1)°
Finklea, |Subjective - Willingpess i 1977 5.1h $ 5.50
et al judgenents to pay
(1977)




Notes to Table 2:

a) Oiginal estimtes were inflated to 1978 by the Consuner
Price |ndex. For conparison purposes, estinmates were then adjusted
to an assuned 20% reduction in pollution by assumng proportionality
or constant elasticity.

by O this total $2.0 billion is attributed to norbidity and
$2.6 billion is due to nortality.

c) Reduced by .2/[(.88 + .58)/2] for assuned change in pollution
and by .73 to cover only urban popul ation

d) Varies for each city in sanple - in order to achieve assune
threshol d |evels.

e) Mrbidity and nortality conbined - for 40 SMVBA's

f) Not adjusted for assuned reduction in pollution. See al so
note e.

Crocker et al. assunmed that the benefit per head of house-
hol d of $289 applied to every nenber of the urban popul ation (assune
to be 150 mllion). The figure in parentheses is a |ower bound
obt ai ned by applying the per head of household benefit only to the
heads of each of the 68% of all households who lived in urban areas
in 1977 (the latest year for which data are avail able).

hy Finklea et al. only estimated changes in nortality, days or

cases of acute illnesses and cases of chronic respiratory synptons.
| valued these at: $ 1 mllion per death avoided
$ 20 per day or case of acute illness avoided
$100 per case of chronic respiratory synptons
avoi ded.

i) Not specified.
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as a crude neans of adjusting all estimates to 1978 dollars. Also
on the assunption that the elasticity of the damage function is
constant over the relevant range, a proportionality factor has
been used to conpute the benefits (in 1978 dollars) of a 20% re-
duction in pollution. The major source of difference remaining
anong the figures in the right hand colum are differences in the
dose-response function and in the basis of inmputing val ues.

Wth the exception of Crocker et al. (1979), the adjusted
figures lie within the range of $1.8-6.4 billion per year, wth
the nedian estimate being about $5.1 billion. The very high
norbidity benefits estimated by Crocker et al. bring their ad-
justed total for norbidity and nortality conbined to $19.7 billion
per year, or $10.1 billion based on a very conservative assunp-
tion about the nunber of individuals affected. These figures

will serve to place in perspective the best judgnent estinates

presented in the next section.

Stationary Source Air Pollution--Synthesis: In this sec-

tion I draw upon the information and anal yses already sunmarized
and reviewed here to derive a synthesis or "best judgnment" esti-
mate of the benefits of air pollution control. This will be an
estimate of the benefits actually realized in 1978 by the U S

urban population due to the reduction in air pollution from 1970
| evel s associated with the Cean Air Act Anendnments of 1970. In
order to calculate these benefits, we need three mmjor pieces of
i nformation: the reduction in air pollution levels actually ex-

perienced, the resulting decrease in norbidity and nortality,
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and the values to be assigned to avoiding illness and prenmature
deat h. | take each of these points up in turn

As discussed earlier, the conceptually correct basis for
estimating the benefits of an air pollution control policy is to
conpare actual pollution levels in the year of interest with a
prediction of what pollution levels would have been in that vyear
in the absence of policy. Gven the resources available for
this project, it is not possible to develop such a prediction.
Rat her, I will base the estimate on the actual reduction in
| evel s of suspended particulates and sul fur dioxide between 1970
and 1978. Table 3 shows several neasures of air quality for the
years 1970-76 for suspended particulates and 1972-77 for sulfur
di oxi de. The table presents both conposite national averages and
the 90th percentiles of the distributions across sanpling sites
The | ast colum of the table shows that by various neasures, sus-
pended particulate pollution has been reduced by from 12 to al nost
17 percent between 1970 and 1976 and sul fur dioxide pollution has

been reduced by between 16 and 23 percent between 1972 and 1977.

On a national average basis, pollution levels are within the
national primary air quality standards for suspended particul ates
and sul fur dioxide. But as the 90th percentile rows show, sone
parts of the country do experience suspended particulate |evels
above the national primary standards of 260 ﬁg/m3 for 24-hour
readi ngs and 75.ug/m3 for the annual average.

These aggregate data give only a crude picture of changes in

the degree of exposure of the American population to air pollu-



Table 3

Trends in National Suspended Particul ates and
Sul fur Dioxide Concentrations and Em ssions

Total suspended particuiates (2350 sanpling sites)

A. Annual Mean 1970 1971 1972 1973 1974 1975 1976 1977 % Reduction

1. Conposite 70.4 69.6 67.1 65.4 62.5 60.8 61.8 61 -13.4
Aver age
Rk
(ug/m™)
2. 90th 106 104 100 96 92 88 90 86 -18.9
Percentil e

(ug/m3)

B. Peak Dail

Readi ng
-24 hr.

maxi mum

1. Conposite 234 230.1 2IL6 209.1 198.8 19Q8 200.4 -14. 4
Aver age

: (ﬁg/m3 )

2. 90th _ 390 380 345 345 320 310 325 -16.7
Percentil e

'(ug/m3)

I'l.  Sulfur Dioxide (722 Sanpling sites)

A.  Annual Mean 1972 1973 1974 1975 1976 1977 % Reducti on

1. Conposite 23.0 21.4 20.7 20.4 19.7 19.4 -15.7
Aver age

h&m3)

2. 90th _ 52 48 44 42 40 40 -23.0
Percentil e

trg/m?)

Source: Environmental Protection Agency (1977) and Environnent al
Protection Agency (1978).
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tants over time. But as a first approximation, it seens reason-
able to assune that the urban population of the United States ex-
perienced a reduction in suspended particulate and sul fur dioxide
pol lution of approximately 20% between 1970 and 1978. There is
sone corroboration for this assunption in the report from the En-
vironmental Protection Agency that between 1972 and 1977 there
was a 29% reduction in the nunber of people who were exposed to
annual nmean suspended particulate levels in excess of the nation-
al primary standard. (Environnmental Protection Agency, 1978,

p. 2-1.) However if the health effects of concern here are due
primarily to exposure to sulfate particles, this assunption wll
lead to a substantial overestimate of realized benefits. This

is because there has been virtually no decline in sulfate |evels
over the past ten years. |

ADF Gy Aundan paRTE LT
. . . ) . L 1 {
It 1s lnterestlngv to compare this assumptlonAWJ.th those

used i n other studies:

Lave and Seskin (1970) 50%
Vaddel | (1974) 26%
Lave and Seskin (1977) 88% and 58%
Crocker et al. (1979) 60%

The Waddel|l figure was based on an estimate of the required re-
duction in pollution levels to assure that the primary standard
for suspended particul ates was net. The first Lave and Seskin

figure and that of Crocker et al. are essentially arbitrary. And

the second Lave-Seskin figure is based on an EPA estinmate of the

reduction in pollution em ssions expected from the inplenmentation
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O stationary source control requirenents of the Cean Ar Act
Amendnents of 1970. They assuned that anbient pollution |evels
woul d decrease proportionately with enissions. However the rela-

tionship between national enissions and national average air

quality levels is not one of sinple proportionality. Wile
particulate levels were being reduced by between 12 and 17 per-
cent between 1970 and 1977, particulate emssions fell by 44%

D AT
and,the.15723%,I?dPQFQQR_iﬁMggifurhdkgﬁ}de levels between 1972

and 1977 was accompanied by a reduction in national emissions of
sul fur conpounds of only 8% (Environnental Protection Agency
1978, p. 5-1).

It would also be useful to know the expected benefits of fur-
ther inprovenent in air quality, for exanple to full attainnent
of national primary or national secondary anbient air quality
st andar ds. However, the aggregate approach being enployed here
is not suitable for making such estinates. This approach inplies
a uniform percentage reduction in pollution |evels experienced
by all of the affected popul ation. This is surely not precisely
true but it is nore reasonable as a representation of the exper-
ience between 1970 and 1978 than it would be of the results of
noving to obtain conpliance in the present nonattai nnent areas.
This is because where national primary standards are not now being
met, the appropriate strategy would be selective controls in these
areas. This would nean that only that portion of the popul ation
presently exposed to violations of the air quality standards would

experience inproved air quality. EPA estimates that in 1977, only
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27% of the netropolitan population of the United States was exposed
to suspended particulate |evels above the national primary standard

(Environnmental Protection Agency, 1978, p. 2-1).

Gven the postulated 20% reduction in pollution levels, the
next step is to use a dose-response relationship to predict the
change in nortality. Several of the analyses of the health ef-
fects of stationary source air pollution have reported their re-
sults in elasticity form This dinmensionless coefficient is a
useful device for sinplifying conputations. | will assunme an
elasticity and use it to predict the percentage change in nortal -
ity associated with the postul ated percentage change in pollution.

Thi s approach does have several limtations. First, it
assunes that the elasticity coefficient conputed for the nean
values of the sanple applies to all nenbers of the relevant popu-

lation. Actually, if the dose-response relationship is |inear

(and nost of the research reviewed here used a linear specifica-
tion), the point values of the elasticity vary with the position
on the dose-response curve. Population units with higher pollu-
tion levels will have higher point values for their elasticities.
Second, this approach assunes that all of the population units
experience the same percentage reduction in pollution. Thi s
ignores variation around the nmean values for pollution and other
factors influencing nortality. The nost dirty urban areas in the
United States have probably experienced |arger percentage reduc-
tions in pollution. It is certainly true that they nust experi-

ence |arger percentage reductions to neet existing standards.
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Third, this approach assunes that the elasticity is constant over
the relevant range; but the actual point value of the elasticity
varies wth novenents along a linear function.

A nore accurate approach to conputing the change in nortal -
ity would be to utilize directly the dose-response function under-
lying the elasticity estimate to conpute the change in nortality
for each urban area with its own specified change in pollution
l evel s, conditional on the values for all other control variables
for that particular urban area. This is the approach utilized by
Liu and Yu (1976). However neither the resources available for
this study nor the published data permt us to utilize this
appr oach.

VWhat is our best estimate of the elasticity of nortality
with respect to stationary source air pollution? Lave and
Seskin's results suggest an elasticity of .1. On the ot her hand,
Crocker et al. found a conputed elasticity with respect to total
nortality of onlysz 01, and this was not significantly different
from zero. Lipfert (1979a and 1979b) and Schwi ng and MDonal d
(1976) also found elasticities snmaller than those of Lave and
Seskin but above those of Crocker et al. It seens |ikely that
these values wll bracket the true elasticity. Therefore, | wll
assune a nost reasonable point estimate of .05 with a | ow high

range of .O01-.10.

Recal ling that stationary source air Pollution is primrily
an urban problem and that nost of the epidem ol ogical studies on

which our estimates are based used urban units (SMSA'S) as units
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of observation, the expected reduction in U S urban nortality
can be conput ed. These conputations are detailed in Table 4. It
is expected that the experienced reductions in sulfur oxide and
particul ate pollution have reduced annual nortality by between
2,780 and 27,800 per year with a nost reasonable point estimte
of 13,900 per year. Mortality reductions for the nation as a
whol e may be sonewhat greater to the extent that rural areas also
experience air quality inprovenments. |gnoring possible rural
nortality effects lends a conservative bias to the estimates of
benefits.

In order to conpute a nonetary neasure of benefits, it is
necessary to specify sonme value for death avoided. As indicated
above, | choose the value of $1 mllion per death avoided as be-
ing representative of those individuals' wllingness to pay for
reduced nortality based upon observations of individual behavior
with respect to risk of death. This value of statistical life is
substantially higher than the values based on productivity which
were utilized in nost of the studies summarized in Table 2. This
difference in the value of life helps to account for the higher
benefit figures estimated here. Using this value leads to an
estimate of nortality related benefits of between $2.78-27.8 bil-
l[ion per year with a nost reasonable point estimate of $13.9 bil-
[ion per year. The reader is free to apply alternative val ues of
life in conputing alternative benefit measures. An illustrative
cal cul ati on based upon a value of life of $500,000 is included in

Tabl e 4.



ASSUMPTI ONS:

CONDI TI ONS:

COVPUTATI ONS:

Mortality Benefits for
Pol | uti on Control

BENEFI TS:

Table 4

Source Air

Reduction in Pollution

Elasticity of nortality
with respect to pollu-
tion (nost reasonable

point estimate = .05)
US Mrtality in 1978
Percent of U.S. Popul ation
l[iving in netropolitan
areas

U S Uban Mrtality

20% reduction in pollution

reduces urban nortality by

(nmost reasonabl e point
estimate = 1%

Mortality avoided
(nmost reasonabl e point
estimate = 13, 900)

At $1 mllion per death
avoi ded

(nmost reasonabl e point
estimate = $13.9 billion)

For illustrative purposes,
if the assuned val ue of

life is $500, 000, benefits
are
(nmost reasonabl e point

estimate = $7.0 billion)

Stationary

20%

.01-.1

1, 900, 000

73% in 1976
1, 390, 000

. 2% 2%

2, 780- 27,800 deaths

$2.8-$27.8 billion/yr.

$1.4-13.9 billion
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The calculation of the benefits of reduced norbidity can be
carried out in a simlar fashion. Again the key questions are
the choice of an elasticity of norbidity with respect to pollu-
tion and the choice of a basis for valuing norbidity reductions.
The norbidity studies reviewed here can provide sone guidance as
to the appropriate elasticity. Lave and Seskin assunmed that the
norbidity elasticity was the sane as that estimated for nortality,
about .09. CGoldstein's (National Acadeny of Sciences, 1975) best
estimates of the percentages of specific diseases and synptons
attributable to sulfur oxides inply an elasticity of around .05
for pollution induced norbidity. Crocker et al. estimated elasti-
cities for acute norbidity ranging from .3 to .6 with an average
of over .4. I think that it is unlikely that the true elasticity
would be as high as the highest elasticity estimted by Crocker,
et al. from one partitioned subsanple. Rather, | take the average
of their elasticities, about . 4, to be an upper bound estimte of
the true value. Sonewhat arbitrarily, | take .01 to be the |ower
bound, the sane as for nortality. The nost reasonable point
estimate is .1.

There are two approaches to estimating the value of changes
in norbidity. The first, enployed by Lave and Seskin (1977), is
to conpute the proportionate reduction in the direct and indirect
costs of norbidity as estinmated by Cooper and Rice (1976).

Cooper and Rice estimated the direct costs, that. is expenditures
on doctors, drugs, hospitalization, etc. to be $75,231 million in

1972. This figure was inflated by the population growmh and
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growh in the nedical care cost conponent of the Consuner Price
I ndex between 1972 and 1978. The conponent of this cost accruing
to the urban population (73% of the total) is $95,161 million.
Indirect norbidity costs are neasured by |ost productivity and
wages. Cooper and Rice estimated this to be $42,323 nmillion in
1972. This figure is adjusted to account for the sex and age com
position of the labor force and to include inputations for house-
hold productivity and an inmputed value for the institutionalized
conponent of a population. This figure was inflated to 1978 by a
factor representing the growh in average gross weekly earnings in
the private non-agriculture sector. The urban conponent of indi-
rect costs was $48,021 mllion in 1978.

If the norbidity elasticity lies between .01 and .4, a 20%
reduction in pollution will reduce norbidity costs by between .2
and 8% (with a nbst reasonable point estimate of 2% . This would

lead to benefits as foll ows:

Low H gh

Direct Costs $190 nmillion $ 7613 nmillion

Indirect Costs 96 mllion 3842 million
Tot al $284 mllion $11455 mllion

Morbidity benefits are estimated to lie in the range of $.3-11.5
billion per year. (The nost reasonable point estimate is $2.9

billion per year.)



An alternative approach to conputing values involves a
direct estimate of the reduction in sone physical neasure of nor-
bidity and the application of some inputed value per day of nor-
bidity avoided. To this figure should be added sone neasure of
direct nedical cost such as that estimted by Cooper and Rice.
Table 5 provides details of these calcul ations. Morbidity can be
neasured either by work days lost or restricted activity days.
The work days |ost nmeasure applies only to people in the | abor
f orce. Restricted activity days applies to all people of all
ageS)/}{nd it includes degrees of illness and incapacitation that
are not severe enough to result in absence from work. G ven data
on total norbidity and urban norbidity (by either neasure), the
reduction in norbidity expected to acconpany a 20% reduction in
air pollution can be calculated by applying the assuned elasti-
city.

Wrk days lost and restricted activity days were alter-
natively valued at $20 per day and $40 per day. The latter fig-
ure represents average gross daily earnings in the total private
non-agricultural sector of the econony. Thus it is an approxi-
mation of lost productivity (but w thout adjustnments for house-
hold services, etc.). The $20 per day figure is used to take
account of the fact that many restricted activity days are not
severe enough to result in a full |oss of earnings. In any
event, as Table 5 shows, the results are relatively insensitive
to alternative approaches to valuation. This is because in this

approach to estimating benefits the major conponent of norbidity



Table 5

Most Likely Values Under Alternative
Assunptions of Morbidity Benefits

I . WORKDAYS LOST

A. Wrkdays | ost

due to acute illness in 1977

B. Workdays | ost
(73% of A)
C. Reduction

to the urban popul ation

in lost work days with 20%

reduction in pollution (elasticity of .1)
(2% of B)
1. Valued at $20 per day $ 92 mllion
plus reduction in direct $1,900 mllion
medi cal costs

(2% of $95,161 million) TOTAL

2. Valued at $40 per daya $ 184 mllion

plus reduction in direct $1,900 mllion
nmedi cal costs
(2% of $95,161 mllion) TOTAL
. RESTRI CTED ACTIVITY DAY
A. Restricted activity days due to acute illness

B. Restricted activity days for

t he urban popu-
lation (73% of A)

C. Reduction in restricted activity days wth

20% reduction in pollution (elasticity of .1)
(2% of B)
1. Valued at $20 per day $ 580 mllion
plus reduction in direct $1,900 nillion
medi cal costs

(2% of $95,161 mllion) TOTAL

314.8 mllion days
229.8 mllion days
4.6 mllion days
$1.99 billion
$2.08 billion
. ]
(/'. z-*;g,’;‘i -/ié"/‘ ‘[:'L:
o (49l |
1,196 million days

~, e

1,457 mllion days

29 mllion days

$2.48 billion

2. Valued at $40 per day $1,160 mllion
plus reduction in direct $1,900 mllion
nmedi cal costs
(2% of $95,161 mllion) TOTAL
“Source: U.S. Departnent of Health, Education and Welfare
Notes: ®This zpproximates averadge gros
a non-agricultural sector in 1978.

$3.06 billion

(1978).

s daily earnings in the private



benefits is reduced nedical expenditures
Finally,conbining norbidity and nortality, we estimate the

total health benefits associated with reducing sulfur oxide and
particulate pollution levels to those of 1978 to lie within the
range of $3.1 billion to $39.3 billion per year. The nost reason-
able point estimate is $16.8 billion per year. As the range indi-
cates, there is a good deal of uncertainty about both the epidem -

ol ogical basis for this estimate and the inputed values for health
and nortality reduction. Over 80% of the benefits estimted here

are attributed to the reduction in nortality. However it should
be noted that the direct health expenditure conponent of norbid-
ity benefits includes expenditures associated with chronic nor-

bidity, including norbidity ending in pollution related death

Mobile Source Air Pollution: Those pollutants coming pri-

marily from nobile sources and for which anbient air quality
standards have been set are carbon nonoxi de, nitrogen dioxide,

and phot ochem cal oxidants. In conparison with stationary source
pollutants, there have been substantially fewer published esti-
mates of the benefits of controlling nobile source pollutants.

And the weight of the evidence suggests that the magnitude of
such benefits is small.

Babcock and Nagda (1973) estimated total damages due to
nobil e source air pollutants to be $2.3 billion in 1968 doll ars.
But this was not derived from an independent estimate of the
effects of nobile source pollutants. Rather it was derived by

extrapolation from an earlier estimate of the health benefits
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associ ated with suspended particulates and sulfates. Babcock and
Nagda took as their starting point a prelimnary estinmate of

heal th damages devel oped by Barrett and Waddell (1973). This in
turn was derived fromthe first study of Lave and Seskin (1970)

di scussed above and on a crude approach to inflating health costs
fromthe 1963 R ce data. Babcock and Nagda estimated "severity
factors" for the five major criteria pollutants based on the
national primary anbient air quality standards and their inplied
threshold or no-effect levels. They then applied these severity
factors to estimates of the em ssions of nitrogen oxides, hydro-
carbons, and carbon nonoxide to inpute additional dollar damages
to these substances. The inputed damages due to these nobile
source pollutants was about 35% of the basic health damages
attributed to particulates and sul fur conpounds.

This inputation is based on the assunption that the nationa
primary anbient air control standards accurately reflect the rel-
ative health effects of various substances and that the Lave-
Seskin nortality equation captures gﬂLx_health effects due to
sul fur conmpounds and particulates so that the additional inputa-
tions are fully additive.

Smal | (1977) also used severity factors to inpute damages to
nobil e source air pollutants. The basis for his inputation was
the 1973 nortality study by Lave and Seskin. However Small chose
to assune that the Lave-Seskin estimate reflected damages due to
all forms of pollutants, not just suspended particulates and sul -

fur conpounds. Smal | also used a revised set of severity factors



- 81 -

to reallocate the Lave-Seskin total among the five criteria pollu-
tants. However since neither Babcock and Nagda nor Snall base
their estimates on an independent neasure of nobile source poll u-
tion levels or assessnent of their separate effects, they wll

not play a further role in the analysis here.

Schwing and MDonald's (1976) epidem ol ogical study of 46
SMBA' s included observations on anbient nitrate levels for the
year 1965, and a neasure of potential hydrocarbon pollution based
on gasoline consunption. Gven the conplex photochenistry and
transport processes involved in the transformation of hydrocar-
bons into photochenm cal oxidants, the hydrocarbon potential vari-
able is not a good proxy for anbient concentrations. However
Schwing and MDonald did find a positive association between sone
age adjusted nortality rates for white nmales and their hydrocar-
bon and nitrate variables. Using Rice's data on cost of illness
and assum ng zero background levels, they estimated the benefits
of total abatenent to be $1.3 billion per year for nitrogen com
pounds and $1.6 billion per year for oxidants.

Lave and Seskin (1977) included an investigation of the role
of nitrates, nitrogen dioxide, and nitric oxide (NO in their
conprehensive study of air pollution and human health. They con-
cl ude:

"The results across SMSA's indicated that nitrates were

uninportant in explaining the variation in either the

total nortality rates (unadjusted and adjusted) or race



(adjusted)nortality rates for infants under one year of
age. There was however sone indication of an associa-
tion between levels of nitrogen dioxide and the vari a-
tion in total (unadjusted and adjusted) nortality rates.
No association was exhibited between nitrogen dioxide

| evels and infant nortality.

“I'n our cross sectional tine series analysis, involving
1.5 SMBA's over the period 1962-68 (see Chapter 8), we
failed to isolate a consistent significant association
between either nitrates or nitrogen dioxide and either
the total nortality rates (unadjusted and adjusted) or

the race (adjusted) nortality rate for infants under one

year of age.

“Regarding analysis of daily nortality (See Chapter 9):
al though we found an association between |evels of
nitric oxide (NO and daily nortality in Chicago, the
rel ati onship between sulfur dioxide and daily nortal -
ity was even nore significant. W found no strong

rel ati onships between daily nortality and the observed
| evels of other nobile source air pollutants (includ-

i ng carbon nonoxide, nitrogen dioxide, and hydrocar-
bons) in any of the cities examned (Lave and Seskin,

1977, pp. 221-222)."
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On the other hand, Crocker, et al., did find sone evidence
of an association between illness and nitrogen dioxide levels in
their longitudinal norbidity study. NoX was significant in sone
subsanpl es for both acute and chronic illness. When NoX was Ssig-
nificant, elasticities were generally in the range of .3-.6, wth
one exceeding 1.0.

Negative or inconclusive results have generally character-
ized efforts to find an association between photochem cal oxidants
and human health effects. Seskin (1979) exam ned data on un-
scheduled visits to a group health practice and photo chem cal
oxi dant levels in Wshington, D. C There were sone significant
positive associations. But with the exception of the results for
unscheduled visits to the ophthal nol ogy departnent, results were
i nconcl usi ve. Wil e acknow edging the weak enpirical basis for
extrapol ation, Seskin estimated benefits for the Wshington
nmetropolitan area that would be associated with the roughly 45-55%
reduction in oxidant levels required to neet the old nationa
primary standard (.08 ppm) in Washington. Seskin estimted di-
rect and indirect nedical costs per visit and suggested netropoli-
tan area benefits of roughly $90,000 (in 1973 dollars). Just to
put this figure in perspective, if the same per capita benefit
figure applied to all of the urban population of the United
States, national benefits would not exceed $5 million per year

The next two estimates to be reviewed were based upon dose-

response functions derived from the judgnment of experts. Aherne's
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(1973) primary purpose was to establish a framework for the ana-
| ysis of data. The accuracy of the data was apparently of a sec-
ondary concern. Aherne enployed a panel of three experts to pro-
vide estimates of the incidence of chronic and acute health condi-
tions at different |evels of carbon nonoxide and oxidant concentra-
tions. The three experts displayed sharp differences in their
estimates of effects. 22
Aherne used data on the frequency distribution of carbon
nonoxi de and oxi dant readings, relationships between em ssions and
anbient levels, and the spatial distribution of pollution and pop-
ulation in urban areas to estimate the hours of exposure at vari-
ous emi ssion levels. This was conbined with dose-response
information and weighting factors to conpute estimtes of equiv-
alent days of restricted activity. Finally these were conbined
with assumed willingnesses to pay to avoid days of restricted
activity to conpute danmages associated with 1967 |evels of em s-
sions and benefits associated with 50% and 75% em ssions reduc-
tions. Because of the variety of alternative assunptions which
were built into the final estimates, of total dammges, they
range over two orders of nmagnitude from a |low of $120 mllion to

$20.75 billion per year. Because of the inprecision of these
estimtes, and because of the lack of a firm enpirical basis in
epi dem ol ogi cal data, this study should best be considered as a

denonstration of the feasibility of developing a consistent

2250 pherne (1973), p. 194.



- 85 -

framework for data analysis; but the specific figures cannot be
consi dered very accurate.

A simlar but |ess elaborate approach was taken by Gllette
(1975). The dose-response function was derived from a panel of
nmedi cal and air pollution experts conpiled by the California Ar
Resour ces Board. Frequency distribution data were used to esti-
mate the population at risk for different patterns of anbient
concentrations of photochem cal oxidants. Assuned values for
different degrees of disconfort or disability were used to com
put e damages associated with oxidant |evels above an assuned
t hreshold of 100 ug/m3. Gllette estinmated damages due to oxi-
dant levels in 1973 were $183 mllion per year. He al so esti -
mat ed the benefits associated with a 20% reduction in anbi ent
oxi dant | evel s. The estimated benefits were $131 mllion per-
year.

Finally, the National Acadeny of Sciences (1974) estimted
heal th danages associated with nobile source air pollution to be

between $360 nmillion and $3 billion per year. There were two

sources for this estimate. The first was a study of self-reported

synptons of eye disconfort, chest disconfort, cough, and headache
conducted with a panel of student nurses in Los Angeles. On the
assunption that the student nurses were representative of the
urban population of the United States, the data on incidence of
the synptonms at various oxidant |levels were used to conpute the

i ncidence of synptons for the U S. population given 1973 anbi ent
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| evel s of oxidants. The total oxidant related person days of
synptons were estimated to be 195 mllion for the U S as a whole.
Total person days due to all synptons were estimated to be 26.8

billion. 23

If avoiding a synptom day is valued at between $1 and
$10, oxidant related health danages are estinmated at between $200
mllion and $2 billion per year.

The National Acadeny of Sciences (1974) also added an esti-
mate of the benefits of reduced nortality due to nitrogen dioxide
pol | uti on. This is derived from an extrapolation from data pre-
sented in a prelimnary, unpublished version of Lave and Seskin
(1977). The National Acadeny of Sciences estimated that the
elasticity of nortality with respect to nitrogen dioxide is
.025.24 Then based on alternative assunptions concerning the
popul ation at risk and the reduction in nitrogen dioxide |evels,
they estimated a reduction in nortality of between 800 and 4, 400
per year. But there is a puzzling aspect of this estimte. The
publ i shed version of Lave and Seskin (1977) states that there was
not a significant association between nitrogen dioxide and nortal -
ity in the cross section tinme series analysis utilized by the

Nat i onal Acadeny of Sciences. 25 And the cited elasticity estimate

cannot be found in any of the published regression equations.

23This seens high conpared with the estimate of less than 2 bil-
lion restricted activity days reported in the Vital and Health
Statistics (Departnment of Health, Education and Wlfare, 1978).

24See Nati onal Acadeny of Sciences (1974), p. 356-358. In a per-
sonal communi cation Seskin informed nme that although the printed
percentage reduction in nortality is incorrect (a typographical
error), the predicted reductions in nortality are correct, given
t he data.

255ee Lave and Seskin (1977), Chapter 8, and especially page 185.



Hence we nust discount this aspect of the National Acadeny of
Sci ences' estimate.

In a study that did not deal directly with the epidem ol ogy
of nobile source air pollution, Brookshire, et al. (1979) asked
households in the Los Angeles area their willingness to pay for a
thirty percent reduction in air pollution. An analysis of re-
sponses suggests that about 70% of the total wllingness to pay
is attributable to a desire to avoid perceived health effects.
This anobunts to alnost .5 billion per year in 1978 for the South
Coast Air Basin of Los Angeles.26

After this review of existing estimates of nobile source air
pol lution benefits, we find little hard data to support a hypot h-
esis of significant nortality benefits. And there is virtually

no sound epidenm ol ogical data on a national level on which to

base any firm estimate of norbidity benefits. Mrbidity benefits

on a national level mght be as high as $2 billion per year; but
this is an upper bound estimate. | take zero to be the | ower
bound and $1.0 billion, the mdpoint, to be the nobst reasonable

poi nt estimate.

What data we have found refers to the potential benefits to
be associated with significant reductions in anbient concentra-
tions of nobile source pollutants. It is difficult to nake a
case that any significant national benefits have been realized by

actual reductions in nobile source pollution between 1970 and

26For further discussion of this Brookshire, et al., see the sec-

tions of this report on Aesthetics and Visibility and Property
Val ue studi es.



1978. Envi ronnmental Protection Agency reports of trends in

em ssions and anbient levels of nobile source pollutants show
little or no downward novenent except for carbon nonoxide
(Environnmental Protection Agency (1978). And we have not found
any enpirical basis for attributing significant health benefits
to reduced carbon monoxide |evels. 27

On the other hand the Council on Environnmental Quality
(1978, pp. 19-25) has reported that in a sanple of 15 nonitoring
stations in 13 cities across the country, the nunber of days for
which violations of the national oxidant standard occurred fel
by about 20% between 1973 and 1976. The nunber of severe viol a-
tions (over 0.20 ppm) fell by 6% and there was a 22% reducti on
in less severe violations.

Based on this Council on Environmental Quality report, and
assuming a |inear dose damage function, realized norbidity bene-
fits could lie between $0.0 and $0.4 per year in 1978 dollars.
The nost reasonable point estimate is $0.2 billion

It should be noted that in the absence of the Cean Ar Act
Arendnents of 1970, anbient |evels of oxidants, carbon nonoxide
and nitrogen dioxide mght have risen significantly over 1970
levels due to increases in vehicle utilization. |t is possible

that there m ght be evidence of nore serious health effects at

2/ This is not to say that health effects of carbon nonoxi de pol -
lution may not be significant for sensitive portions of the popu-
lation. As yet there has not been sufficient quantification of

these effects or devel opnent of data on the population at risk to
provide a basis for estimating carbon nonoxi de benefits.
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hi gher anbient levels of nobile source pollutants. Therefore one
cannot rule out the possibility that the Cean Ar Act Anendnents
have vyielded significant benefits in preventing a rise in nobile
source pollution levels and associated health effects. It is not
possible to quantify those benefits here, both because of the
difficulty in estimating potential vehicle use and em ssions in
the absence of the Cean Air Act Amendnents and because of the

| ack of data on the dose-response functions for these three pollu-

tants in the rel evant range.

Soi ling and O eaning

In this section we review three estimtes of the national
benefits to households due to decreased soiling and cleaning
costs associated with the abatenent of suspended particul ates.

The first, by Jackson et al. (1976), is an extrapolation to 65

SVMSA's from an earlier survey by Mchelson and Tourin (1566) .28
M chel son and Tourin exam ned differences in cleaning fre-
quenci es for households in Stuebenville, Onio and Uni ont own,
Pennsyl vani a. They identified an additional $84 per capita in

cl eaning costs for households in the higher pollution town. The
respective suspended particulate levels in the two towns were
235 ug/m3 and 115 ug/m?’, annual average, both well above the
national primary anbient air quality standard. Jackson et al.
reduced this figure to $42 per capita to account for the |ower

particulate |evels typical of urban areas and applied this to an

28For a review and di scussion of the M chel son-Tourin work, see

Waddel | (1974) PAGES 109-111.



unspecified sanmple of 65 SMBA's. They estimated additional
cleaning costs for this group of $2.077 billion per year, appar-
ently in 1967 dollars. This sanple covers only about a third of
the urban population. Adjusting for this and for increases in
the consuner price index produces a revised estinmate for the
total urban population of $12.2 billion in 1978,

There are three qualifications that nust be attached to
this estimate. First the single conparison of cleaning costs
in two cities is a weak enpirical foundation on which to build
an estimate of national benefits. Second, the extrapolation
technique is crude at best. |n particular, the extrapolation
does not involve a precise specification of the change in pollu-
tion levels over which benefits are presunably being measured.
And third, as wll be discussed in nore detail below, changes in
cleaning costs are not the nost appropriate nmeasure of benefits.
Rel i ance on changes in cleaning costs may lead to a substanti al
underestinmate of the benefits to households of reduced soiling
due to particulate pollution

The second study, by Liu and Yu (1976), utilized a survey of
the cleaning practices of households in Philadel phia conducted

by Booz, Allen, and Hamilton (1970) .29 Liu and Yu applied a

Monte Carlo technique to the survey data to create a sanple of
data pairs, cleaning frequency and total suspended particul ate
| evel s, for each of nine household cleaning tasks. They then

regressed cleaning frequency on total suspended particul ate

29See Waddel | (1974), pp. 112-115 for a discussion of this survey.
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level s without controlling for other social and economc factors.

Each regression took the form

F=a+ bP

where F is cleaning frequency and P is the annual average parti -
culate level at the household |ocation

Unit costs for each cleaning task were used to conpute the
change in total cleaning costs due to the predicted change in
cleaning frequency as the level of suspended particul ates was
reduced fromits observed value to 45 ug/m3. Predictions were
made for each of 168 SMSA's based upon the average suspended
particul ate reading for each SMSA. The total benefits for re-
duci ng suspended particulates from 1970 levels to 45 ug/m3
sumred for all of the 168 SMSA's were $5.0 billion per year. 30

A recent study by Watson and Jaksch (1978) represents the best

effort to enploy a nodel based on the theory of household behavior

to derive a neasure of welfare change as distinct from a neasure
of changes in expenditure. They assunmed that the observed | evel

of cleanliness and the expenditure necessary to attain it are
variabl es which are determ ned by supply and denmand. They assumed
that cleanliness matters to people, and people will want nore of

it when its price is lower. A demand curve for cleanliness can
then be derived as a function of its price or cost and other

vari abl es such as incone. Suppose that from an initial equilib-

rium air quality is inproved and therefore the supply price of

30 ju and Yu do not specify the year for which unit costs and
prices apply. But | infer from their discussion on page 69 that
they used current dollar values at the time the research was
carried out, that is, in 1974-75.



cleanliness is reduced. Total expenditure on cleaning costs wll
increase, remain the sane, or decrease depending upon whether the
elasticity of demand for cleanliness is greater than, equal to,

or less than 1. Changes in cleaning expenditure would neasure
benefits accurately only if the elasticity of demand for cleanli-
ness were zero.

Wat son and Jaksch estimated that this elasticity is close to
unity, inplying that changes in expenditure would be close to
zero as air quality changes and that expenditure changes woul d
substantially underestimate true benefits. This conclusion is
based upon their regression analysis of the Booz, Allen, Ham|lton
(1970) data on frequency of cleaning and total suspended particu-
|ate levels in Philadelphia. In contrast to Liu and Yu, Wtson
and Jaksch used the original survey data and included variables
reflecting socioecononic characteristics and responses to ques-
tions concerning attitudes toward household cleanliness. The
latter were intended to characterize differences in preferences
or utility functions across households. They reported finding
generally | ow R2(<.2) in all cases. They concluded that "fre-
guency of cleaning is not significantly different across house-
holds with different socioeconom c characteristics, attitudes,
and exposure to pollution (page 22)." They did not present their
regression results and tests of significance.

Wat son and Jaksch's conclusion regarding the lack of a rela-
tionship between pollution and cleaning frequency inplies a part-

icular functional form for the demand curve for cleanliness,
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namely one of unitary elasticity or constant expenditure. Watson
and Jaksch then used a function relating pollution to degree of
physical soiling and data on cleaning costs to estimate changes
in the price of cleanliness associated with changes in suspended
particulate levels. Benefits of reduced pollution are neasured
from changes in consumer surplus as shown in figure 1. Wth the
initial price of cleanliness at OB, the household chooses clean-
liness |evel OCF. Lower pollution lowers physical soiling and the
cost of cleanliness to OA, and the household responds by choosing
a higher cleanliness level, CE. Gven the unitary elasticity of
the demand function, expenditures do not change; but consuner sur-
plus is increased by the area ABCG  This is the neasure of bene-
fit per househol d.

Uilizing data on the spatial distribution of pollution in
t he Phil adel phia SMSA in 1970, Watson and Jaksch estimated the
benefits of reducing suspended particulate levels to the nation-
al primary and secondary standards at all nonitoring points.
The following figures are provisional and subject to possible re-
Vi si on. Benefits for the Philadel phia SVMSA were calculated to be
between $23 and $150 mllion for the primary standard and between
$44 and $314 million for the secondary standard, in 1978 doll ars.
Gai ns per household were $16-101 and $31-213 for the noves to the

primary and secondary standards respectively.



Assuming the spatial distribution around the SMSA nean is
the same for all SMSAs, watson and Jaksch also conputed benefit
nmeasures for each of an additional 122 SMSA's. The aggregate for
all SMBA's including Philadelphia is between $.9 and $6.1 billion
for the national primary standard and between $1.5 and $11.7
billion for the secondary standard. The nost likely values were
$2.6 billion for the primary standard and $4.6 billion for the
secondary standard.

Ham [ ton (1979) used the Watson-Jaksch franmework to estinmate
soiling benefits for six California SMBA's. He also assuned a
unitary elasticity of demand for cleanliness. per househol d
soiling benefits for a 25% reduction in particul ates of about $40
are conparable to those estimated by Watson-Jaksch. Aggregate
benefits for 25% reduction in particulates for the six California
SMBA's (including San Francisco-Qakl and and Los Angel es-Long
Beach) are $223 nillion in 1978 dollars. Applying the per house-
hold figure of $40 to the approximately 50 mllion households in
netropolitan areas yields a crude estimate of national benefits
of $2 billion per year.

Al 'though the estimates of Liu and Yu and Watson and Jaksch
are quite conparable considering the differences in their postu-

| ated change in pollution levels, they are based on different

anal ytical nodels and approaches to utilizing the Booz-Allen

Ham | ton data. The Watson-Jaksch conceptual framework is clearly
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pref erabl e. But their inference of a unitary elasticity of de-
mand for cleanliness nust be considered to be tentative.

As Table 3 indicates the conposite annual average of parti-
cul ates had been reduced alnost to the secondary standard of 60
ug/m3, while the 90th percentile had closed alnost half of the
gap between the 1970 level and the secondary standard. On this
basis | infer that between a third and a half of the Watson-
Jaksch estimate of the benefits of attaining the secondary stand-
ard had been realized by 1978. This works out to a range of be-
tween $.5 and 5.0 billion per year. The nost reasonabl e point
estimate is $2.0 billion per year. Since the Wtson-Jaksch esti-
mates are derived by exam ning postulated changes in pollution
| evel s for each SMBA taken separately, they also provide the best
estimate of the benefits to be realized by achieving the nationa
primary and secondary standards for suspended particulates. In-
crenental benefits of noving from 1978 air pollution levels to
full achievenent of the primary and secondary standards are esti-

mated at $.6 and $2.6 billion per year respectively.

Veget ati on

Damages to ornanmentals and commercial crops nmay be caused
by anbient concentrations of oxidants, sulfur conpounds, and
fluorides. However fluoride pollution is a localized problem
and will be given no further attention in this report. The
first effort to estimate national damages to vegetation due to
oxi dant pollution was made by Eenedict, More and Smth (1973),

hereafter referred to as BMS. The BMS estimate was based on
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pollution levels and cropping patterns in 1964. Pphot ochenica

oxi dant pollution potential was estimated by county based upon
fuel consunption data. Pl ant sensitivity or crop loss coeffici-
ents were estimated based on a review of the literature. Cr op

| oss factors were apparently derived from the nost part from
visual inspection of such things as |eaf damage. |ppre subtle
effects on plant vigor and yield are probably underestinated here.
These factors were applied to estimates of the values of crop
producti on and ornanental plants in counties with high pollution

31 BMS estimated crop danmages of $78 mllion and

potenti al .
the replacement of danaged ornanental plantings at $43 mllion
per year. The total oxidant related damages summed to $121 m | -
[ion per year in 1964 dol l ars. 32

There are several limtations to this sonmewhat crude method.
First, emssions and fuel consunption are likely to be a poor
proxies for oxidant levels. xidant formation depends not only on
em ssions of both hydrocarbons and nitrogen oxides, but also on

net erol ogi cal conditions and the novenent of air masses. I n many

parts of the country, because of air pollutant transport patterns

31For a further description of the BVM5S nethod, see Waddell (1974)
and National Acadeny of Sciences (1974). These studies also in-
clude reviews and discussion of other efforts to quantify vegeta-
tion losses on a local |evel. For further discussion of the
appropriate nethodology for defining and estimating benefits due
to reduced crop loss and inproved agricultural productivity see
Freeman (1979a) chapter 9, and Adans, Thanavi bul chai, and

Crocker (1979).

3210tal estinates of veget ati on danages by Waddell (1974), Nation-
al Acadeny of Sciences (1974), Babcock and Nagda (1973), Jackson
et al. (1976), and Liu and Yu (1976) are also based on the Bene-
di ct data and nethodol ogy.
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peak phot ochem cal oxidant readings occur tens of mles downw nd
from the major sources of emssions. And the degree to which
em ssions are converted into photochem cal oxidants depends
strongly upon local climte and weather conditions. BVB did ad-
just em ssions estimates by |ocal dispersion factors. But these
adjustnents are not likely to adequately reflect the conplexities
and spatial and tenporal variability of the processes involved
Second, the nethod does not take into account the possible
effect of reduced crop output on food product prices. I f reduced
output |eads to higher prices, consuner welfare |osses may be
magni fied, especially for products with inelastic denmands. Pr o-
ducers may respond to high pollution levels by choosing to grow
nore resistant types of crops, or by changing locations. Were

t hese adjustnents occur, applying crop loss factors to observed

crop patterns will wunderestinmate true economc |osses since it

wll fail to capture the costs associated with these adjust-
33

nments.

The estimate by Heintz, Hershaft, and Horak (1976) is a
mar ked i nprovenent over that of BMS in that it enployed data on
actual oxidant levels rather than oxidant potential, and it is
based on nore recent studies of dose-response relationships for
crops at anbient pollution levels. Heintz, Hershaft, and Horak
reviewed and summarized a nunber of controlled field experinents
dealing with actual yield reductions observed with anbient con-

centrations of oxidants in the range of .05 ppmto .08 ppm On

33See Nati onal Acadeny of Sciences (1974) pp. 371-372 for further
di scussi on of the BM5S net hodol ogy.



the basis of this review, they concluded that the best estimate
for the average yield loss to crops exposed to that |evel of
phot ochemi cal oxidants is about 15% with a |ow high range of

5-25%.°4

They identified those counties within 100 mles of
maj or urban centers for which on the basis of existing neasure-
nment of oxidant |evels and/or know edge of oxidant transport
patterns, there is reason to expect high oxidant readings. They
then determined the total value of agricultural crops raised in
these counties in 1973 ($18.7 billion). Applying the expected
loss factor to this total production gives an estimte of 1973
damages due to oxidants of between $.9 and $9.5 billion per year
in 1973 doll ars. Their nost reasonable point estimate is $2.8
billion. Losses to ornanental plantings were estimated at $.1
billion per year by inflating the BVMS estinate.

| take the estimate by Heintz, Hershaft and Horak as the

best avail able neasure of the danmages to vegetation due to photo-

chem cal oxidant pollution levels. Adjusting this figure to 1978

| evels by the gromh in gross farm incone |leads to an estinmate of

345ome corroboration for this loss factor is found in Hanilton
(1979). He used a theoretical loss function derived by Larsen
and Heck (1976) to derive estimates of percent of leaf injury to
be expected at different ozone concentrations for ten different
crops. The averages of these figures for different ozone |evels
fell within the range assuned by Heintz, Hershaft and Horak. On
the other hand, Adans, Thanavibulchai, and Crocker (1979), using
a nore conprehensive econom c methodol ogy which also took into
account input and output substitution and price effects, esti-
mated | osses due to oxidant pollution for 14 vegetable and field
crops in southern California. Their estinmate of |osses anounted
to only 1.48% of the total value of crop production in the study
area.
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between $1.2 billion and $12.2 billion per year. The npbst reason-
able point estimate is $3.6 billion per year. This estimte nmay
still be too low since it fails to account for producers' changes

in cropping patterns in response to pollution |evels and possible
changes in product price (Freeman 1979a, pp. 238-240). It also
probably underestimates the welfare |osses associated w th damaged
ornanental plants. Finally, Hamlton (1979) suggests that nore
recent data on the inpact of oxidants on western forests, especi-
ally in southern California, gives reason to believe that forestry
damages have also been substantially underestimated

Gven that this level of damages is based on 1973 oxi dant
| evel s, what can be said about the benefits which have been real -
ized by control programs since 1970? National data from the
Envi ronnental Protection Agency (1978) show little inprovenent in
the em ssions rates of oxidant precursors and anbient oxidant
concentrati ons. However EPA reports sone inprovenent in both the
em ssion rates and oxidant levels in southern California, the
area in which a substantial portion of the national crop danmages
have been experienced. Data from the Council on Environnental
Quality (1978) also indicates a reduction in violations of the
nati onal standard nationw de. Using the 20% figure, benefits due

to the actual reduction in oxidant levels, primarily in southern

California may lie in the range of $.2-2.4 billion per year. The
nost likely point value is $.7 billion per year. Additional un-
quantified benefits may be attributed to the likelihood that the
Cean Air Act Amendnents of 1970 have prevented a nore signifi-

cant increase in oxidant levels arid related vegetation | osses.
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There is very little hard data on vegetation |osses due to
sul fur conpound pol |l ution. Benedi ct, Moore, and Smith (1973)
estimated themto be $6 nmillion per year as of 1964. Since the
date of the BMS study, there has been increasing concern wth
the effect of acid rain from sulfur conpound pollution on agricul-
tural and forest productivity. The National Acadeny of Sciences
(1975, page 181-182) suggests that sulfur dioxide danmages to
vegetation may have been underestimated in the past and that the
potential for damages from acid rain is serious. They al so sug-
gest $.5 billion per year as a best guess for acid rain damages
in the northeastern United States (p. 624). This figure may be
too | ow because of the potential for long term cunulative im

pacts on soil fertility and because of ecological inpacts to fish

wild life, etc. For these reasons, | take the range of possible
benefits to controlling sulfur conpounds to be $0-2 billion per
year. The nost reasonable point estimate is $.5 billion per
year. Since there has been virtually no downward trend in sulfur

particulate levels in the eastern part of the country, it seens

prudent to conclude that realized benefits as of 1978 are zero.

Materi al s Danmages

The early 1970's saw the publication of a nunber of esti-

mates of danmages to various types of materials and equi pnent due
to air pollution. Waddell (1974) and National Acadeny of
Sci ences (1974) provide useful descriptions, sunmaries and

critiques of nany of these studies. Table 6 sumarizes these
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studies and includes an allocation of nonetary danages by type of
material and pollutant nost responsible.35
Most of these studies used technical, engineering, or best
judgment damage functions, nmde sone estimte of the quantity of
materials at risk to pollution exposure and damage based on data
on aggregate production or inventories, and estimted nonetary
values on the basis of the costs of nore frequent repair, nain-
tenance, painting, or replacenent. This basis for valuation may
not capture the nore subtle or indirect costs such as those due
to down time or reduced performance. On the other hand producers
and households may respond to nmaterials danages by other |ess
costly adaptations and adjustnents, for exanple material substitu-
tions, than those on which these estinmates are based. These
factors would tend to cause estimtes of danages to be biased up-
war d. It is difficult to judge the net effect of these off-
setting biases.
The weakest link in nmost of these studies is the estimation
of quantities of materials at risk and exposure |evels.
Gllette's (1975) study is noteworthy in its utilization of actua
anbient air quality data for sulfur dioxide to estinmate degrees
of exposure of materials. Qher studies used nore crude ap-
proaches such as dichotonous variables, that is, polluted vs. non-
pol | ut ed. The National Acadeny of Sciences (1975, pp. 695-699)

argues that these estimates are biased downward including onitted

35Nhny of the studies do not specify the reference year and price
level. In what follows, it will be assumed that all studies are
based on 1970 pri ces.



Esti mat es of

Types of

Cl ass of mat eri al s

Table 6

Attributed to:

- 102 -

Mat eri al s Damages

and source of TOTAL
study® Sul fur conpounds Oxi dant s
& Particul ates & N trogen
OXxi des
1. FElectrical Swtches S ,
(Robbi ns, 1970) 65 mllion 65 mil.
2. Electrical Components 16 u ;
(1 TT, 1970) ' 16.
3. Paints 1.195 n "
(Sal mon, 1970) ! 1,195
4.  Paints
(Spence & Haynie, 1972) 704 n 204 "
5. Zinc Corrosion
778 " "
(Sal mon, 1970) 778
6. Corrosion (Fink, et 'al,
1971)
ZI nC 1, 353 n l 353 n
O her 97 " 97
7. Corrosion and Paint 400 " 400
(Gllette, 1975)
8. Textiles and Dye 636 " T
9. Fibers " .
(Sal mon,  1970) 558 358
10. Rubber and El astoners C u "
(Mieller & Stickney, 1970) 355 355
11 Rubber " n
(Sal non, 1970) 194 194
12 Al Qher Materials 1272 @« 1.272 "
(Sal non, 1970) ' ’
13. Al Qher Miterials not 400 & n
covered by other studies
(Sal non, 1970)
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a) Information on these studies is based on Waddell's (1974)
survey and review, except where otherw se noted.

by These totals and allocations are based on the review of Salvin
(1970) in National Acadeny of Sciences (1974), pp. 384-388. Soiling
of fabrics is excluded.

c) This is adjusted to exclude retail mark-ups on higher manu-

facturing costs. See Waddell (1974), pp. 80-81 or National Acadeny
of Sciences (1974), pp. 379-383.

' d) Salnon does not allocate this total to pollutants. But
since the vast bulk of the materials are metal or masonry, they have
been allocated to sul fur conmpounds and suspended particul ates.

e) This estimate is due to Waddell (1974). See al so note d.

Sour ces: Fink, F. W, F. H Buttner, and W K. Boyd, Technical
Econonic Evaluation of Air Pollution Corrosion Costs
In Metals 1n the United States, Environnental Protec-
tion Agency, Research Triangle Park, 1971.

Gllette, Donald G "Sulfur D oxide and Material Dam
age," Journal of the Air Pollution Control Association,
25, no. 12 (Decenber 1975), 1238-12443.

ITT El ectra-Physics Laboratories, Inc., A Survey and
Econom ¢ Assessnent of the Effects of Ar Pollutants
On Electrical Conponents, Environnmental Protection
Agency, Research Triangle Park, 1971.

Mieller, W J. and P. B. Stickney, A Survey and

Econom ¢ Assessnment of the Effects of Ar Pollution on
El astoners, National A r Pollution Control Admnistra-
tion, Raleigh, North Carolina, 1970.

Robbins, R C., Inquiry Into the Economc Effects of
Air Pollution on Electrical Contacts, National ATr
PolTution Control Adm nistration, Raleigh, North
Carolina, 1970.

Salmon, R L., Systens Analysis of the Effects of Ar

Pol lution on Maferial's, National A r Pollution Control
Adm nistration, Raleigh, North Carolina, 1970.

Salvin, V. S., Survey and Econom c Assessnent of the
Effects of Air Porfution on Textile Fibers and Dyes,
National AT PolfTution Control Adm nistration,

Ral ei gh, North Carolina, 1970.

Spence, J. W, and F. H Haynie, Paint Technol ogy and
Air Pollution: A Survey and Econom c Assessment,
EnviTonnental Protecti on Agency, Research TIriangle
Park, 1972.
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categori es of damages (corrosion and paint damage to autonobil es,
and deterioration of art works and historic buildings) and under-
estimation of materials at risk.

Despite these weaknesses, these studies provide the only
basis for developing an estimte of national benefits due to re-
duced materials damages. After evaluating the conceptual and
enpirical bases of the various studies and considering problens
of overlaps and gaps in coverage, \Waddell selected the follow ng

figures to conpile a national estimate of materials damages:

El astoners (line 10) $500 mllion
Cor r osi on " 7 400 "
Textil es " g36. 200 !
Pai nt s " 437 700 "
Q her ©13 400 "

Tot al $2.2 billion

The studies used by Waddel|l have also been the basis for
estimates by Liu and Yu (1976), Heintz, Hershaft, and Horak (1976),
and Small (1977). These authors nade various adjustnments for in-
flation and other factors.

In what follows | have chosen to make some minor revisions in

Waddel | 's treatnment of these various studies and to attenpt to

36V\ﬁddell's description of the Salvin study differs substantially
fromthat in National Acadeny of Sciences (1974). The Table 6
figures are based on the latter; while the figure in the text
cones from Waddel |

37V\addell included the allowance for retail markup on increased

production costs.  The markup had been deducted to arrive at the
figure included in Table 7.
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all ocate them by class of pollutant. The results are shown in
Tabl e 7. First, | have included estimates of damages to el ec-
trical switches and electrical conponents. Second, | have

utilized the National Acadeny of Sciences (1974) description of
the Salvin study of textiles and dyes. Finally, 1 have used the
lower figure for elastoners, that is excluding retail markups on
producti on costs. The total damages in 1970 dollars due to
suspended particulates and sul fur conpounds cones to $2.2 bil-
lion. Using the consumer price index, the 1978 dollar figure is
$3.7 billion. The total for oxidants and nitrogen oxides is

$655 mllion in 1970 or $1.1 billion in 1978. The total for all

cl asses of damages is $4.8 billion. Lacking a better basis for
doing so, | assume a low high range of * 50% or $2.4-7.2 billion
per year.

Renmember that this is for total damages in 1970. To esti-
mate benefits realized by actual inprovenents in air quality
since 1970, | assune a 20% inprovenent in suspended particul ates,

sulfate pollution and oxidant |evels since 1970. Assuming that

the damage function is linear in this range, realized benefits to

stationary source control are estimated to lie in the range of

$.4-$1.1 billion per year. The nost reasonable point estimate is
$.7 billion. Real i zed benefits due to the control of oxidants
and nitrogen oxides are between $.1 and $.3 billion per year

The nost reasonable point estimate is $.2 billion



Mat eri al s Danage Estinate

Table 7

(1970 Dol l ars)

Attributed to:

Cat egory

Sul f ur

conmpounds

and particul ates
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Oxi dants and
Ni t rogen Oxi des

El ectrical Sw tches
(line 1 of Table 6)

El ectrical Conponents
(line 2 of Table 6)

Textiles and Dyes
(line 8 of Table 6)

Pai nts
(line 4 of Table 6)

El ast oners
(line 10 of Table 6)

Corrosi on
(line 7 of Table 6)

O her
(l'ine 13 of Table 6)

$ 65 mnmllion

16

636

704

400

400

2,221

TOTAL =

MIIlion

2.9 Billion

300 mllion
355 !
655 Ml lion



- 107 -

Aesthetics and Visibility

Air pollution can cause odors which affect people's utility
and welfare. \Wen snog inpairs the view of a nearby nountain
range, this could result in a loss of anenity values. Since
aesthetic effects of this sort are not easily quantifiable and
may not be associated with the production or consunption of mar-
ket goods and services, they pose difficult neasurement and
val uati on probl ens. But to the extent that they involve utility
changes and willingness to pay, they are nevertheless every bit
as real, in an economc sense, as the inpairnent of health or
agricultural productivity.

Those aesthetic and visibility effects that inpinge on the
residential sites of households are likely to be reflected in
housing prices or property values. W discuss benefit estinmates
based on property value studies in the next section. An alterna-
tive approach to estimating aesthetic and visibility benefits is
to ask people what they would be willing to pay rather than do
without the aesthetic and visibility inprovenents. There have
been several studies designed to determine wllingness to pay for
air quality and related aesthetic inprovenents through survey
questionnaires and bidding games wth respondents. 38

The first study (Randall, Ives, and Eastman, 1974) dealt with

the aesthetic inpact of the Four Corners Power plant conplex in

38For discussions of some of the nethodol ogical and enpirical
aspects of estimating benefits from survey data, see Freenman
(1979a) and the three studies cited bel ow
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t he Sout hwest . Aesthetic inpacts covered by the study included
both those directly associated with air pollution (haze, visible
snoke plune, and so forth) and effects, on the |andscape due to
unreclaimed soil banks from mning and EHV transm ssion |ines.
Respondents indicated an average bid per household of $50 per
year to nove to a sonewhat inproved aesthetic state and an addi-
tional $85 per year to go beyond that to a substantially inproved
state (both figures in 1972 dollars). On the basis of their
sanple, Randall, et al. estimated that the aggregate bids for the
region are $15.5 million and $24.6 nmillion for the two stages of
i mprovenent .

The second study also examned the aesthetic inpacts of
power plants in rural environnents. Brookshire, Ives, and
Schul ze (1976) asked local residents and recreationists their
willingness to pay to prevent the scenic and aesthetic degrada-
tion associated with a proposed power plant siting near Lake
Powel | . Responses were in the range of $2-4 per recreation day
in 1975 dollars. Aggregate bids were estimated to be $.4 mllion
and $.7 mllion per year respectively.

In the third study (Brookshire, et al., 1979), households in
the Los Angeles area were asked their willingness to pay for im
provenents in air quality as portrayed by photographs showi ng dif-
ferent degrees of visibility inpairnent. Respondents were also
given information on the health effects of air pollution. House-
hold bids for a 30% inprovenent in air quality averaged about $29

per month in 1978 dollars. Average annual benefits for the South
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Coast Air Basin were estimated to be $.65 billion. A breakdown
of the responses indicates that about 30% of this total is
attributable to aesthetics with the renminder due to acute and
chronic health effects.

None of these studies lends itself to an estinmate of nationa
aesthetic and visibility benefits. However the results do indi-
cate the potential for significant benefits in this category, per-
haps especially in the western and southwestern regions of the

country.

Benefits to Residential Property Val ues

Peopl e may experience disutility or welfare |osses when ex-
posed to reduced air quality even when there are no significant
effects on health, materials, vegetation or soiling. Because
these "aesthetic" effects are not typically linked to specific
econom c activities or tangible physical effects, they are part-
icularly difficult to measure directly. One approach to neasur-
ing aesthetic benefits is to describe potential aesthetic changes
and ask people through survey instrunents for their wllingness
to pay to achieve those changes.

Aesthetic effects which are specific to housing |ocations
may be reflected in housing price differentials. To the extent
that this is so, aesthetic benefits can be neasured by estinat-
ing the demand for the aesthetic-creating characteristics of the
house. Such characteristics mght include anbient air quality,
anbi ent noise levels, proximty to a |ake or recreational water

body. Estimating the demand for such characteristics of housing
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involves a two-step procedure in which first the inplicit price
of the characteristic is estimated by exam ning the relationship
between the prices of housing units and their characteristics,
and then the inplicit price is regressed against observed quanti -
ties to estimte the demand function itself. 39
Houses constitute a product class differentiated by charac-
teristics such as nunber of rooms and size of lot. Any |arge
urban area has in it a wide variety of sizes and types of
housing with different |ocational or neighborhood characteristics
and, if air quality varies across the urban area, different
| evels of air quality. An inportant assunption of the technique
is that the urban area as a whole can be treated as a single
market for housing services. |ndividuals nust have information
on all alternatives and nmust be free to choose a housing |ocation
anywhere in the urban market. |t js as if the urban area were
one huge supernmarket offering a w de selection of varieties of

housi ng. O course, househol ds cannot nove their shopping cart

through the supermarket. Rather their selection of a residential

| ocation fixes for them the whole bundle of housing services. It
is much as if shoppers were forced to nake their choice from an

array of already filled shopping carts. Househol ds can alter the

dyThis procedure is known in the economcs literature as the
hedonic price technique. See Rosen (1974) for an elaboration of
the theoretical basis of the technique. A nunber of theoretical
and enpirical issues regarding the application of the technique
;[o a6ir and water quality are discussed in Freeman (1979a), chap-
er 6.
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| evel of any characteristic by finding an alternative |ocation
alike in every respect but offering nore of the desired charac-
teristic. It must be assuned that the housing market is in
equilibrium 1i.e., that all households have made their utility
maxi m zing residential choices, given the prices of alternative
housing |ocations, and that these prices just clear the nmarket
given the existing stock of housing and its characteristics.

In principle, if there are enough houses with different com
binations of roons and lot size, it is possible to estimate an
inplicit price relationship which gives the price of any type of
housing as a function of the quantities of these two character-

istics. \Were Py is the price of housing, this function can be

represented as:

P, = F(S5;, N, Q).

wher e Si represents a set of structural characteristics for the
ith housing unit such as size, nunber of roons, age, type of
construction; N represents a set of characteristics of the

nei ghborhood in which the ith house is located, e.g., quality of
| ocal schools, accessibility to parks, stores, or work place,

crinme rates; and (% is the level of air quality at the ith site.

The derivatives of this function with respect to the characteris-
tics give the inplicit prices. For exanple, the difference in
price between two houses with different nunbers of roons but

identical in all other respects can be interpreted as the inplicit

price of additional roons.
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This first stage develops a neasure of the inplicit price or
marginal wllingness to pay for air quality, but it does not
directly reveal or identify the inverse demand function for air
quality. The second stage of the technique is to conbine the
quality and inplicit price information in an effort to identify
the inverse demand function for Q It is hypothesized that the

househol d's demand price or willingness to pay for air quality is

a function of the level of air quality, household inconme, and

ot her household variables which influence tastes and preferences.
Each household's observed inplicit price is taken to be a neasure
of its equilibrium marginal wllingness to pay. Can this demand
function be identified with the information at hand? This question
is discussed in Freeman (1979a, Chapter 6). The answer is yes, in

principle.

Once the households' marginal wllingness to pay functions
have been identified, they can be used to estimate the benefits
of air pollution control policies. Each household's benefit is
the area under (integral of) the marginal wllingness to pay
function between the old and new |levels of air quality at that
site. Aggregate benefits are obtained by summ ng over all house-
hol ds.

A nunber of studies have used this technique to estimate the
marginal inplicit price of air quality. Harrison and Rubinfeld
(1978a) Nel son (1978) and Brookshire, et al. (1979) have also
used inplicit price data to estimate the demand for air quality

and benefits of air quality inprovenent.



- 113 -

Stationary Sources: \Waddell (1974) was the first to attenpt

an estimate of national benefits from controlling air pollution
t hrough the use of property value information. Hs estimate was
derived from six different studies involving eight separate
cities such as St. Louis, Kansas City, Wshington, and Chicago. 40
The conceptually correct approach to deriving a national
estimate of benefits from property value studies would involve
four steps: (1) Estimating the inplicit price function for hous-
ing for all major urban areas; (2) estimating the inverse demand
functions for air quality for each major urban area; (3) using
each city's set of demand functions to estinate the benefits of
the specified inprovenent in air quality; and (4) sunmng these
estimates for each city to arrive at a national aggregate mneasure.
None of the property value studies available at the tinme of
Waddel | s work included sufficient information to enable an

appropriate conputation of benefits. \Waddell was forced to use a

| ess than ideal approach to extrapolation from the limted nunber
of inperfect studies in his effort to obtain an aggregate nation-
al benefit neasure. He proceeded in the follow ng manner. After
reviewi ng the existing studies, he picked a value for a represent-
ative household' s marginal willingness to pay for air quality

i mprovenents (as neasured by sulfation rates) which lay in the

m ddl e of the range found by those studies. He estimated nargin-
al willingness to pay for a 0.1 gg/100cm2/day reduction in sulfa-

tion to lie in the range $20-50 per year with a best estimate of

“0ror a more conprehensi ve and up-to-date review of existing
studies, see Freeman (1979a, appendix to Chapter 6).
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$35. Waddell assuned that this marginal wllingness to pay would
be the sanme for all households in all wurban areas independent of
their existing air pollution levels, income, and other socio-
econom ¢ characteristics. He also assuned that this margina
willingness to pay would be constant for each household for non-
mar gi nal changes in air quality. This is equivalent to assum ng
that the demand curve for air quality inprovenents is horizontal

It can be shown that this results in an overestimte of benefits.41

Then for each SMSA (the actual nunber of SMBA's is not

stated) benefits were conputed according to the follow ng fornula;

where n is the nunber of SMSA's, Wis the marginal wllingness
to pay per household (assunmed the sane and constant for al

SMBA' s) , hi is the nunber of households in the ith SMSA, and APi

is the change in sulfation |levels realized by reducing pollution
from 1970 levels to a desired background level of 0.1 ug/109§@2/§§¥
annual arithnmetic nean. Note that this assunes that the estinmated
margi nal willingness to pay of single famly dwelling honeowners

is representative of the marginal wllingness to pay of all house-
holds. On the basis of these assunptions, Waddell estimated

nati onal benefits to be $5.9 billion per year in 1970 with a |ow

hi gh range of $3.4-8.4 billion

*lsee Freeman (1974).
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Waddel | 's estimate will be the basis of our revised and up-
dated estimate of realized benefits to residential property
val ues. The first adjustnent is to take account of the upward
bias due to the assunption of constant marginal wllingness to pay
for househol ds. Harrison and Rubinfeld (1978b) have provided
guantitative estimates of the magnitude of upward bias due to
this and other elenents of nodel msspecification. They showed
that the magnitude of upward bias due to the assunptions enployed
by Waddell is itself an increasing function of the size of the
postul ated change in pollution |evels. Their estimtes of up-

ward bias are as foll ows:

A Pol |l ution Upward Bi as
10% 45. 9%
25% 56. 7%
50% 79. 5%

Waddel | 's benefit estinmate is probably based on observa-
tions on cities with a wide range of required air pollution im
provenents. Sone may have been as small as 10% and others may
have been well over 50% In the absence of any better basis for
determ ning the degree of upward bias, we assune that Waddell's
estimates are biased upward by 50%  Therefore adjusting to take
account of dimnishing marginal willingness to pay as air
quality inproves, the revised estimates for 1970 are $3.9 billion

with a lowhigh range of $2.3-5.6 billion.%?

42if Bt represents the true benefit figure, we have _Bt x 1.5 = 8,

w
or B, = B <+ 1.5,
t W
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This revised figure is updated to 1978 val ues through the
use of the consuner price index and adjusted to take account of
the growth in housing stock between 1970 and 1978. These adj ust-
nments to Waddell's figures lead to an estimate of benefits to the
1978 popul ation of inproving sulfation levels from 1970 values to
t he background level in the range of $4.7 to $11.5 billion per
year. The nost reasonable point estimate is $8.0 billion per year.
Since sulfation and suspended particulate readings tend to be
highly correlated, we take this to be an estimate of the potenti al
benefit for controlling all sulfur conpound and particul ate poll u-
tion.

Assuming a realized 20% reduction in sulfur conpound and
particulate pollution levels between 1970 and 1978, this adjust-
ment to Waddell's figures leads to an estimate of realized bene-
fits of between $.9 to $2.3 billion per year. The nbst reasonable
point estimate is $1.6 billion. Not e however that this conputation
assunmes that the relationship between national benefits and poll u-
tion levels is linear. I f people have higher marginal wllingness
to pay for inproved air quality at high pollution levels, then the
realized benefits of the first 20% reduction in air pollution wll
be larger than 20% of the total estinmated above. Thus the esti-
mate of $1.6 billion realized benefits nay be too |ow

The only other estimate of the national benefits of controlling
stationary source pollution based on property values was prepared
by Polinsky and Rubinfeld in conjunction with the National Aca-
deny of Sciences' study of autonotive air pollution control pol-
icy (National Acadeny of Sciences, 1974). Polinsky and Rubinfeld

used three different nodels to provide alternative estimates of
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the benefits of a 45% control of suspended particulates and sul -
fur conpounds in St. Louis. Property value data were for 1960
Pol l ution readings were taken in 1963. According to the pre-
ferred nodel, benefits in 1960 dollars were $81 nmillion per year
Pol i nsky and Rubinfeld assuned that the St. Louis SMSA contains
about 2% of the national urban population. Thus they estinated
national benefits at $4.1 billion

This figure can be nmade conparable to the revision of
Waddel | 's estinmate in a simlar manner. Thus after inflating
for the growh in the consumer price index and the change in the
housi ng stock between 1960 and 1978, and assuming only a 20% re-
duction in pollution, realized national benefits wuld be $6.9
billion per year in 1978 dollars. It should be noted that this
extrapolation to national benefits from an estimte based on a
single SMSA is dangerous since St. Louis nmay not be representa-
tive of other cities either in terns of demand for air quality or
pol lution |evels. Specifically if pollution levels in St. Louis
in 1960 were higher than the average of all urban areas, this
figure would be an overestinmate of national benefit.

Taki ng account of the Polinsky and Rubinfeld estimte and

the fact that revision of the WAddell estimate is likely to be
bi ased downward, we estimate realized benefits to residential
property values from the control of stationary source air pollu-
tion to be in the range of $.9 to $6.9 billion per year in 1978.
The npst reasonable point estinmate is taken to be one-third of

t he upper bound, or $2.3 billion per year. It should be noted
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that property value benefits alnost certainly reflect such fac-
tors as reduced soiling and cleaning requirenents, reduced
materi al s damages to household paints, etc. Thus this estimate
is not fully additive with all of those other estimates given for

ot her categories above. The question of double counting will be

t aken up bel ow

Mobil e Source Benefits: There are three studies relating

property values to nobile source pollutants which |end thensel ves
to the estimation of national air pollution control benefits.

The first was conducted by Harrison and MDonald in conjunction
with the National Acadeny of Sciences study of autonotive air
pollution control policy (National Acadeny of Sciences, 1974).
Harrison and MDonal d estimated housing price equations for both
the Los Angel es and Boston SMSA's. They estinmated separate
equations using nitrogen oxides, hydrocarbons, and oxidants as-
alternative pollution variables; and they estimated all equations
in both linear and log form Pol  utant and housing value data
were for 1970.

To estimate benefits, they assumed full conpliance with the
nati onal autonotive em ssion standards and used an air quality
nodel to predict air quality levels as of 1990. They assuned that
the average willingness to pay estimated from the housing val ue
equations was constant and the sane for all househol ds. O the
assunption that 30 mllion households across the country would be
affected by auto pollution control, they conputed national bene-

fits for each possible conbination of city, functional form and
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pol | ut ant. The results are shown in Table 8. Because of neasure-
nment problens, and because hydrocarbons are not thenselves a pol-
lutant of major concern, the hydrocarbon equation results are
probably the l|east reliable. Oritting them national benefits
are estimated to lie in the range 2.0-7.2 billion per year.
Harrison and McDonald note that suspended particulates and nitro-
gen oxides and oxidants are correlated in their sanple. Thus

some part of this total nmay be attributable to particulates and

stationary source pollutants rather than nobile source poll u-
tants. After examning the results of two stage |east squares
regressions, they estimate that two-thirds of this total is due
to nmobile source pollutants, roughly $1.5-5 billion per year.

This estimate can be nade conparable with others in this
section by inflating to 1978 dollars with the consuner price
index. Also, their assunption of constant marginal wllingness
to pay leads to an overestinate of benefits of perhaps 50%
Taking this into account leads to an adjusted neasure of the
benefits of neeting the standards of $1.7-5.6 billion dollars per
year in 1978 dollars. The mdpoint of the range, $3.7 billion,
is taken as the best estimate.

Nel son (1975) enployed a simlar nethodology to estimate
national benefits extrapolated from his study of property val ues
and pollution levels in the Washington SMSA. Assuming a 45% re-
duction in nobile source pollution levels, he estinmated benefits
in 1970 of $810 mllion. Adjusting this for the growth in the

consumer price index and taking account of the overestimtion due
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Table 8

Nati onal Benefits of WMobile Source
Air Pollution Control

Based on Property Values - 1970

Regr essi on /
based on: Extrapol ated From &
Los Angel es Bost on
NO_ $2.4- 57 billion $3.0 - 7.2 billion
Hydr ocar bons 12.3 - 10.0 billion 2.6 - .3 billion
Oxi dant s 4.2 - 3.2 billion 3.1 - 2.0 billion
Sour ce: Nati onal Acadeny of Sciences (1974), pp. 235-236
Not es: a/l In each entry the first nunber is based on a linear

housing price equation while the second is derived from

a log-linear

speci fication.
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to the assunption of constant willingness to pay leads to an
estimate of national benefits of $.9 billion in 1978
dol | ars.

The third study was an extensive analysis of property val ues
and nitrogen oxide levels in Los Angeles. Brookshire, et al.
(1979) estimated the benefits of nobile source control for Los
Angel es both with property value data and with a survey or bidding

game approach. Data were collected for the years 1977 and 1978.

A 30% reduction in pollution was postulated. Using the housing
val ue equation to estinmate a nmarginal wllingness to pay function
using the latter to conpute the benefits of non-marginal changes
yiel ded an estinmate of average annual benefits per househol d of
$511 and annual benefits for the Los Angeles area of $.95 billion
per year.43 At the sane tine, Brookshire et al. conducted a sur-
vey of willingness to pay to obtain inproved air quality. Aver -
age annual bids ambunted to $316-353 per household and annua
benefits for the Los Angeles area were $.58-.65 billion per year.
This figure can be used to extrapolate to a national esti-
mate of benefits followi ng assunptions simlar to those utilized
by Harrison and McDonal d and Nel son. If the range of average
annual benefits per household is $350-500, and 30 nillion house-
holds are affected by nobile source air pollution, national bene-

fits could be $10.5-15 billion per year. This figure can only be

43 Results were also presented for a pair-w se conparison of com
munities and for Linear nodel with a constant marginal wllingness
to pay. Both were acknow edged by the authors to lead to over-
estimates of the true benefits. Those figures are not reported
here.

and
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a realistic estimate of national benefits if Los Angeles is rep-
resentative of other cities with respect to both the demand for
clean air and typical pollution |evels. But since in fact Los
Angel es has one of the worst nobile source air pollution problens
in the country, extrapolation from the Los Angeles per household
benefit to the nation as a whole is likely to lead to a substan-
tial overestinmate.

W have reviewed national estimates of nobile source pollu-

tion control benefits based on property values which range from
$.9-$15 billion per year, with the latter being clearly an over-
esti mate. The Harrison-MDonal d best estimate of $3.7 billion
per year may also be on the high side because the estimate is
partly based on data from Los Angel es. W estimate that the
benefits attributable to the control of nobile source pollu-
tants lie in the range of $1 to $10 billion per year. The nost
reasonable point estinmate is $2.0 billion per year. Agai n using
the Council on Environnental Quality data on reduction in viola-
tions, we assume a 20% reduction in oxidant pollution, and real-
zed benefits of between $0.2 and $2.0 billion per year. The
nost reasonable point estimate is $0.4 billion. Again, there is
likely double counting involved if this nunber is sinply added to
estimates derived through other categories or benefits. Thi s

question will be taken up in a later section.
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Inter-Uban Wage Differentials

In a pioneering study conducted in conjunction with the
Nati onal Acadeny of Sciences' analysis of autonotive air pollu-
tion control policies (National Acadeny of Sciences, 1974, pp.
243-255), Meyer and Leone interpreted differences in wages anong
cities as reflecting workers' willingness to pay (in the form of
| ower wages) to work and live in cities with higher |evels of
environmental and other anenities. After seeking to relate wage
differentials to differences in a variety of urban anmenities and
di sanenities, Meyer and Leone estimated the benefits associated
with a 45% reduction in particulate, sulfur dioxide, and nitro-
gen dioxide |evels.

First considering only the two stationary source pollutants,
benefits were estimated at $6.1 billion and $2.1 billion respect-
ively. Adjusting these figures for the growmh in the consuner
price index, growmh in the labor force, and for an assunmed 20%
realized reduction in pollution leads to an estinate of $4.9 bil-
lion in 1978 dollars for suspended particulates and $1.7 billion
for sulfur dioxide. This is a total of $6.6 billion for both
stationary source pollutants. The Meyer-Leone estimate for nitro-
gen dioxides is $5.1 billion. Adjusting this for the growth in
the consunmer price index and the |abor force since 1972 results
in an estimate of $9.1 billion for 1978. These are potential,

not realized benefits.
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These estimates nust be considered tentative. In addition
to the enpirical question of whether other influences on urban
wage |evels have adequately been controlled for, there are ques-
tions of how estimates of benefits should be conmputed from
observations on wage differences across cities. For exanple,
can benefits conputed from wage differences be added to benefit
nmeasures derived by other neans such as property values, or are
they alternative ways of neasuring the sane phenonenon? It can
be shown that under certain conditions, wage differential bene-
fits should be added to property value benefits in conputing an
aggregate benefit neasure (Freeman, 1979a, pp. 118-121). How-
ever it is not known whether these conditions hold in practice or
are applicable to the type of study carried out by Myer and
Leone.

Cropper (1979) has devel oped a | abor supply nodel which takes
into account interurban anenity differences, housing site |oca-
tion within the urban area, and wages. Under certain assunptions,
know edge of the labor supply function nakes it possible to esti-
mate the coefficients of the utility function and to conpute
willingness to pay for changes in the level of urban anenities.
Cropper estimated the nodel using 1969 wage data. S0, was one of
the anmenity vari abl es. She estimated that a |aborer with incone
of $29,000 per year would be willing to pay $55-65 per year for a
20% decrease in SO, |evels. She did not estimate aggregate or

2
nati onal benefits.
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Air Pollution Control Benefits--Conclusions

Table 9 shows for each category of benefits the potential
benefits (or actual damages) due to 1970 levels of pollution in
those cases where this figure was estimated, and realized bene-
fits associated with the change in pollution |levels between 1970 and
1978--in all cases in 1978 dollars per year. It is probably not
valid sinply to add the property value benefits to other cate-
gories in Table 9 since tangible inpacts on households due to
soiling, damage to household paints, and perhaps norbidity are
also likely to affect property values. It is also possible that
some forms of benefits have not been captured by any of the
nmeasures reviewed here. An exanple is benefits associated wth
anenity and aesthetic values away from the residence.

W& nust consider the question of gaps and overlaps in our
measur es. For exanple, do estimates of health effects and prop-
erty value differences associated wth suspended particulates in-
vol ve sone double counting of the benefits of reducing concentra-
tions of suspended particulates, or are there additional effects
not captured by either nmeasure? Although definitive answers to
this question cannot be given here, the discussion will show that
it should be possible to determ ne when such gaps and overl aps
exist. It should also be possible to make sone judgnent as to

the significance and likely direction of any biases in the esti-

mated total benefit figures.



TABLE 9

Summary of Air Pollution Control Benefits - By Category
(In Billions of 1978 Dollars)

Potential Benefits

Category (Damages) At 1979,
- Pollution Levels™ Realized Benefits
Most Reasonable——— e Most. Reasonable
. Health Range Point Estimate Range Point Estimate
A. Stationary Source
Mortality a/ a/ ' $2.8" ~27.8 billion $13.9 billion
cor ‘ .
Morbidity a/ a/ $ +29-11.5 billion _ 2.9 billion
Total $3.1 -39.3 billion $16.8 billion
B. Mobile Source $0 - 2.0 billion $1 billion $ 0 -. .4 billion ‘.2 billion
Total Health . $3.1 -39.,7 billion $17.0 billion

$2.0-11.7 billion $5.2 billion $ .5 - 5.0 billion §$ 2.0 billion

Soiling and Cleaning

Vegetation

A. Stationary Source $0 =~ 2.0 billion $ ..5 billion -0 0
B. Mobile Source $1.2-12.2 billion $3.6 billion = §.2 - 2.4 billion $ .7 billion
Total Vegetation $1.2-14.2 billion “$4.1 billion $.2 - 2.4 billion § .7 billion

»
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4, Materials

A. Stationary Source
B. Mobile Source
Total

5. Property Values b/

A. Stationary Source
B. Mobile

Total

Notes '

a/ Not estimated because of uncertainties about the form of
function at lower pollution levels.

TABLE 9 (cont'd.)

$1.9-5.6 billion

$3.7 billion

$ .4-1.1 billion

$.7 billion

' $ .6-1.7 billion $1.1 billion .1- .3 billion .2 billién
§:$2;7¥7J2f5illfon- : $4..8 bdilidon :§ .5-1.% bildion' :$.9 billion
a/ §°.9-6.9 billion' $2.3 billion

$1.0-10 billion 52.0 billiqn © $_.2-2.0 billion: $ .4 billion
$1.1-8.9 billion  $2.7 billion

the dose response

b/ Because of overlap, property value benefits are not strictly additive with
the above categories.

.= L2t -
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Consider air pollution where health benefits are neasured by

nortality rate studies and aesthetic, soiling, and materials

benefits to households are neasured through property value differ-
ential s. The justification for nmeasuring the two classes of bene-
fits separately and adding them to obtain aggregate benefits is
that only those effects which are perceived by individuals can
influence property values, and that people have for the nost part
been ignorant of the effects of air pollution on their health and
life expectancy. However, this sinple resolution of the problem
Creates uneasiness. Some kinds of short-term health problens
such as eye irritation and shortness of breath may be directly
percei ved as being caused by poor air quality. In addition,
there has been a substantial increase in the information avail able
to the general public about long-term health effects and rel ated
air quality levels around urban areas. Thus, perceptions of
health effects may be influencing property value differentials and
| eading to the possibility of double counting. To gain a better
understanding of the problem it is necessary to consider in nore
detail exactly what is captured by each of the two approaches to
measur enment .

It will be helpful to develop a system of classification for
different types of effects associated with adverse air quality.
Two broad classes are perceived non-health effects and health

ef fects. The forner includes effects such as odor, taste, reduced

visibility, soiling, and damage to external paints, all of which are
perceived by individuals. A distinction can be nmde between those

health effects which are perceived by individuals and those of which
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they are ignorant. The fornmer are likely to be primarily clinical
mani festations of short-term exposures to relatively high concentra-
tions. Finally, it is necessary to distinguish between those effects
which are caused by the person's exposure at home and those due to
exposure as he/she travels around the urban air shed, to work, for
shopping, for recreation. These "away from hone" effects are indepen-
dent of the individual's place of residence.

This classification schene creates six subsets of effects: per-
ceived non-health, perceived health, and unperceived health, and in
all cases further divided between honme and away. Property val ue
studies can only capture those effects associated with the hone
which are perceived. Health benefits derived from nortality and nor-
bidity studies capture both hone and away effects and both perceived
and unperceived health effects.

There is both an overlap and a gap. Perceived health effects
at home are captured by both property value and health effects ap-
pr oaches. But perceived non-health effects associated with away from
hone exposures are not captured by either approach. Whet her the ad-
dition of property value and health effect benefits results in an over
estimate or an underestimate depends upon the relative size of the
doubl e counted and onmitted categories. Nothing can be said about

this question on a priori grounds.

It is interesting to conpare the property value total wth
those portions of the other four categories in Table 3 which one
m ght plausibly assume would affect property values. Virtually

all of the soiling and cleaning benefits of $2.0 billion should
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be reflected in property val ues. The estimte of vegetation dam
ages is derived primarily from commercial agriculture. gg this
figure would not be captured by residential property value neas-
ures. A large portion of materials benefits are related to com
merce and industry. But sone portion, perhaps $.2 billion, is
related to household paints and coatings. The health effects are
difficult to allocate. But for illustrative purposes, assume
that all the nortality effects involve such subtle bionedica
processes that people are unaware of the connection between nor-
tality and air pollution. Then none of this category would be
reflected in property values. Al so assune that norbidity effects
are perceived to be due to air pollution, and that half of the
total or $1.6 billion is associated with exposures at honme. This
neans that a total of $3.8 billion of benefits neasured by other
means should also be reflected in property values. This is sone-
what greater than the estimated property value benefits, which

i ndi cates that we cannot conpletely reconcile our accounting of
benefits in different categories. However, the orders of magni-
tude are simlar. And this lends sone plausibility to these
esti mat es.

The nost conservative approach to treating property val ue
benefits is to assume that those beneficial effects reflected in
property values are also fully captured by our estinmates of bene-
fits in the other four categories. This neans that anenity and
aesthetic effects, both at honme and away, are assuned to be zero.

This is very conservative. However there is very little evidence
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on the possible magnitude of aesthetic effects at the nationa

l evel . In their survey or bidding gane approach to neasuring
benefits in Los Angeles, Brookshire, et al., (1979) found that

per haps 30% of respondents' wllingness to pay is attributable to
aesthetic rather than health benefits. They also found that the
survey approach yielded estimates conparable in nmagnitude to
their property value estinates. If this proportion is represent-
ative of the urban population as a whole then $.8 billion of
property value benefits can be added to the total in categories
1- 4. G ven these assunptions total national benefits which have
been realized due to reductions in pollution since 1970 lie in
the range of $4.6 to $51.2 billion per year. The nobst reasonable
point estimate is $21.4.

It is inportant to bear in mnd the major qualifications
attached to the estinates presented here. The first, of course
is that these estimates are not based on new data or research,
but rather are derived from a review of other studies. Many of
t hose studies can be, and have been, criticized on theoretical or
met hodol ogi cal grounds or for the quality of data. The estimates
presented here reflect ny own judgnents as to the quality and
reliability of the results of the studies reviewed. G hers may
differ with the judgnents nmade and the weights given here to
vari ous pieces of evidence.

Second, it is inportant to enphasize the range of uncertain-
ty reflected in ny estimates. The low and high values differ by

nore than a factor of ten. | believe that the probability is 0.9
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that the true value of realized benefits lies within this range.
But there is an equal probability that the true value lies either
above or below the nost likely point estimate of $21.4 billion

About three-quarters of the total benefits are estinated to
be in the health category. This estimate is subject to uncer-
tainty about both the air pollution--health relationship and the
value of health and reduced nortality. Only the fornmer under-
tainty is reflected in the range between [ow and high values. If
the reader believes that $500,000 per death avoided is nore rea-
sonable than the $1 mllion used here, the estimated total bene-
fits would be reduced by about 20%

There is nmuch controversy regarding estimates of the air

pollution--nortality relationship. This is reflected in the wde

range of the estimates of nortality benefits. additional research

now being done in several places may help to resolve the uncer-
tainty. But it is also possible that the interactions anong

soci oeconomic, environnental, and health variables are so conplex
and the degree of correlation anong independent variables so severe
that existing statistical techniques may be incapable of resolv-
ing the questions of whether and to what extent anbient concen-
trations of air pollution cause nortality. |If this turns out to

be the case, we will be left with a substantial uncertainty about

a major question affecting environmental policy.
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