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Appendix I: Valuation of Human Health and
Welfare Effects of Criteria Pollutants

This appendix describes the derivations of the
economic valuations for health and welfare endpoints
considered in the benefits analysis. Valuation esti-
mates were obtained from the literature and reported
in dollars per case avoided for health effects, and dol-
lars per unit of avoided damage for welfare effects.
This appendix first introduces the method for mon-
etizing improvements in health and welfare, followed
by a summary of dollar estimates used to value ben-
efits and detailed descriptions of the derivation of each
estimate. These economic valuations are given both
in terms of a central (point) estimate as well as a prob-
ability distribution which characterizes the uncertainty
about the central estimate. All dollar values are
rounded and are in 1990 dollars. Next, results of the
economic benefits analysis are presented. Finally, un-
certainties in valuing the benefits attributable to the
CAA are explored.

Methods Used to Value Health
and Welfare Effects

Willingness to pay (WTP) and willingness to ac-
cept (WTA) are the two measures commonly used to
quantify the value an individual places on something,
whether it is something that can be purchased in a
market or not. Both WTP and WTA are measures of
the amount of money such that the individual would
be indifferent between having the good (or service)
and having the money. Whether WTP or WTA is the
appropriate measure depends largely on whether an
increase or a decrease of the good is at issue. WTP is
the amount of money an individual would be willing
to pay to have a good (or a specific increase in the
amount of the good) — i.e., the amount such that the
individual would be indifferent between having the
money and having the good (or having the specific
increase in the good). WTA is the amount of money
the individual would have to be compensated in order
to be indifferent to the loss of the good (or a specific
decrease in the amount of the good). WTP is the ap-
propriate measure if the baseline case is that the indi-
vidual does not have the good or when an increase in
the amount of the good is at issue; WTA is the appro-
priate measure if the baseline case is that the indi-
vidual has the good or when a decrease in the amount
of the good is at issue. An important difference be-

tween WTP and WTA is that, in theory, WTP is lim-
ited by the individual’s budget, whereas WTA is not.
Nevertheless, while the underlying economic valua-
tion literature is based on studies which elicited ex-
pressions of WTP and/or WTA, the remainder of this
report refers to all valuation coefficients as WTP esti-
mates. In some cases (e.g., stroke-related hospital
admissions), neither WTA nor WTP estimates are
available and WTP is approximated by cost of illness
(COI) estimates, a clear underestimate of the true
welfare change since important value components
(e.g., pain and suffering associated with the stroke)
are not reflected in the out-of-pocket costs for the
hospital stay.

For both market and non-market goods, WTP re-
flects individuals’ preferences. Because preferences
are likely to vary from one individual to another, WTP
for both market and non-market goods (e.g., health-
related improvements in environmental quality) is
likely to vary from one individual to another. In con-
trast to market goods, however, non-market goods
such as environmental quality improvements are pub-
lic goods, whose benefits are shared by many indi-
viduals. The individuals who benefit from the envi-
ronmental quality improvement may have different
WTPs for this non-market good. The total social value
of the good is the sum of the WTPs of all individuals
who “consume” (i.e., benefit from) the good.

In the case of health improvements related to pol-
lution reduction, it is not certain specifically who will
receive particular benefits of reduced pollution. For
example, the analysis may predict 100 days of cough
avoided in a given year resulting from CAA reduc-
tions of pollutant concentrations, but the analysis does
not estimate which individuals will be spared those
days of coughing. The health benefits conferred on
individuals by a reduction in pollution concentrations
are, then, actually reductions in the probabilities of
having to endure certain health problems. These ben-
efits (reductions in probabilities) may not be the same
for all individuals (and could be zero for some indi-
viduals). Likewise, the WTP for a given benefit is
likely to vary from one individual to another. In theory,
the total social value associated with the decrease in
risk of a given health problem resulting from a given
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reduction in pollution concentrations is

where Bi is the benefit (i.e., the reduction in prob-
ability of having to endure the health problem) con-
ferred on the ith individual (out of a total of N) by the
reduction in pollution concentrations, and WTPi(Bi)
is the ith individual’s WTP for that benefit. If a re-
duction in pollution concentrations affects the risks
of several health endpoints, the total health-related
social value of the reduction in pollution concentra-
tions is

where Bij is the benefit related to the jth health
endpoint (i.e., the reduction in probability of having
to endure the jth health problem) conferred on the ith
individual by the reduction in pollution concentrations,
and WTPi(Bij) is the ith individual’s WTP for that
benefit.

The reduction in probability of each health prob-
lem for each individual is not known, nor is each
individual’s WTP for each possible benefit he or she
might receive known. Therefore, in practice, benefits
analysis estimates the value of a statistical health prob-
lem avoided. For example, although a reduction in
pollutant concentrations may save actual lives (i.e.,
avoid premature mortality), whose lives will be saved
cannot be known ex ante. What is known is that the
reduction in air pollutant concentrations results in a
reduction in mortality risk. It is this reduction in mor-
tality risk that is valued in a monetized benefit analy-
sis. Individual WTPs for small reductions in mortal-
ity risk are summed over enough individuals to infer
the value of a statistical life saved. This is different
from the value of a particular, identified life saved.
Rather than “WTP to avoid a death,” then, it is more
accurate to use the term “WTP to avoid a statistical
death,” or, equivalently, “the value of a statistical life.”

Suppose, for example, that a given reduction in
PM concentrations results in a decrease in mortality
risk of 1/10,000. Then for every 10,000 individuals,
one individual would be expected to die in the ab-
sence of the reduction in PM concentrations (who
would not die in the presence of the reduction in PM
concentrations). If WTP for this 1/10,000 decrease in
mortality risk is $500 (assuming, for now, that all in-
dividuals’ WTPs are the same), then the value of a
statistical life is 10,000 x $500, or $5 million.

A given reduction in PM concentrations is un-
likely, however, to confer the same risk reduction (e.g.,
mortality risk reduction) on all exposed individuals
in the population. (In terms of the expressions above,
Bi is not necessarily equal to Bj , for i j). In addition,
different individuals may not be willing to pay the
same amount for the same risk reduction. The above
expression for the total social value associated with
the decrease in risk of a given health problem result-
ing from a given reduction in pollution concentrations
may be rewritten to more accurately convey this. Us-
ing mortality risk as an example, for a given unit risk
reduction (e.g., 1/1,000,000), the total mortality-re-
lated benefit of a given pollution reduction can be
written as

where (number of units of risk reduction)i is the
number of units of risk reduction conferred on the ith
exposed individual as a result of the pollution reduc-
tion, (WTP per unit risk reduction)i is the ith
individual’s willingness to pay for a unit risk reduc-
tion, and N is the number of exposed individuals.

If different subgroups of the population have sub-
stantially different WTPs for a unit risk reduction and
substantially different numbers of units of risk reduc-
tion conferred on them, then estimating the total so-
cial benefit by multiplying the population mean WTP
to save a statistical life times the predicted number of
statistical lives saved could yield a biased result. Sup-
pose, for example, that older individuals’ WTP per
unit risk reduction is less than that of younger indi-
viduals (e.g., because they have fewer years of ex-
pected life to lose). Then the total benefit will be less
than it would be if everyone’s WTP were the same. In
addition, if each older individual has a larger number
of units of risk reduction conferred on him (because a
given pollution reduction results in a greater absolute
reduction in risk for older individuals than for younger
individuals), this, in combination with smaller WTPs
of older individuals, would further reduce the total
benefit.

While the estimation of WTP for a market good
(i.e., the estimation of a demand schedule) is not a
simple matter, the estimation of WTP for a non-mar-
ket good, such as a decrease in the risk of having a
particular health problem, is substantially more diffi-
cult. Estimation of WTP for decreases in very spe-
cific health risks (e.g., WTP to decrease the risk of a
day of coughing or WTP to decrease the risk of ad-
mission to the hospital for respiratory illness) is fur-
ther limited by a paucity of information. Derivation
of the dollar value estimates discussed below was of-
ten limited by available information.
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Valuation of Specific Health Endpoints

Valuation of Premature Mortality Avoided

As noted above, it is actually reductions in mor-
tality risk that are valued in a monetized benefit
analysis. Individual WTPs for small reductions in
mortality risk are summed over enough individuals
to infer the value of a statistical life saved. This is
different from the value of a particular, identified
life saved. The “value of a premature death
avoided,” then, should be understood as shorthand
for “the value of a statistical premature death
avoided.”

The value of a premature death avoided is based
on an analysis of 26 policy-relevant value-of-life
studies (see Table I-1). Five of the 26 studies are
contingent valuation (CV) studies, which directly
solicit WTP information from subjects; the rest are
wage-risk studies, which base WTP estimates on
estimates of the additional compensation demanded
in the labor market for riskier jobs. Each of the 26
studies provided an estimate of the mean WTP to
avoid a statistical premature death. Several plau-
sible standard distributions were fit to the 26 esti-
mates of mean WTP. A Weibull distribution, with
a mean of $4.8 million and standard deviation of
$3.24 million, provided the best fit to the 26 esti-
mates. The central tendency estimate of the WTP
to avoid a statistical premature death is the mean of
this distribution, $4.8 million. The considerable un-
certainty associated with this approach is discussed
in detail below, in the subsection titled “The Eco-
nomic Benefits Associated with Mortality,” within
the section titled “Uncertainties.”

Life-years lost is a possible alternative measure
of the mortality-related effect of pollution, as dis-
cussed in Appendix D. If life-years lost is the mea-
sure used, then the value of a statistical life-year lost,
rather than the value of a statistical life lost would be
needed. Moore and Viscusi (1988) suggest one ap-
proach for determining the value of a statistical life-
year lost. They assume that the willingness to pay to
save a statistical life is the value of a single year of
life times the expected number of years of life remain-
ing for an individual. They suggest that a typical re-
spondent in a mortal risk study may have a life ex-
pectancy of an additional 35 years. Using a mean es-
timate of $4.8 million to save a statistical life, their
approach would yield an estimate of $137,000 per life-
year lost or saved. If an individual discounts future
additional years using a standard discounting proce-
dure, the value of each life-year lost must be greater
than the value assuming no discounting. Using a 35
year life expectancy, a $4.8 million value of a statisti-
cal life, and a 5 percent discount rate, the implied value

of each life-year lost is $293,000. The Moore and
Viscusi procedure is identical to this approach, but
uses a zero discount rate.

Using the value of a life-year lost and the expected
number of years remaining (obtained from life ex-
pectancy tables), and assuming a given discount rate,
values of age-specific premature mortality can be de-
rived. Examples of valuations of pollution-related
mortality using the life-years lost approach are given
below, in the subsection titled “The Economic Ben-
efits Associated with Mortality,” within the section
titled “Uncertainties.”

Valuation of Hospital Admissions Avoided

In the case of hospital admissions, cost-of-illness
(COI), or “costs avoided,” estimates were used in lieu
of WTP because of the lack of other information re-

StudyStudy
Type ofType of
Estim ateEstim ate

Valuat ionValuat ion
(m illions(m illions
1990$)1990$)

Kneisner and Leeth (1991) (US) Labor Market 0.6

Smith and Gilbert (1984) Labor Market 0.7

Dillingham (1985) Labor Market 0.9

Butler (1983) Labor Market 1.1

Miller and Guria (1991) Cont. Value 1.2

Moore and Viscusi (1988a) Labor Market 2.5

Viscusi, Magat, and Huber (1991b) Cont. Value 2.7

Gegax et al. (1985) Cont. Value 3.3

Marin and Psacharopoulos (1982) Labor Market 2.8

Kneisner and Leeth (1991)
(Australia)

Labor Market 3.3

Gerking, de Haan, and Schulze
(1988)

Cont. Value 3.4

Cousineau, Lacroix, and Girard
(1988)

Labor Market 3.6

Jones-Lee (1989) Cont. Value 3.8

Dillingham (1985) Labor Market 3.9

Viscusi (1978, 1979) Labor Market 4.1

R.S. Smith (1976) Labor Market 4.6

V.K. Smith (1976) Labor Market 4.7

Olson (1981) Labor Market 5.2

Viscusi (1981) Labor Market 6.5

R.S. Smith (1974) Labor Market 7.2

Moore and Viscusi (1988a) Labor Market 7.3

Kneisner and Leeth (1991) (Japan) Labor Market 7.6

Herzog and Schlottman (1987) Labor Market 9.1

Leigh and Folson (1984) Labor Market 9.7

Leigh (1987) Labor Market 10.4

Gaten (1988) Labor Market 13.5

SOURCE:  Viscusi, 1992

Table I-1. Summary of Mortality Valuation Estimates
(millions of 1990 dollars).
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garding willingness to pay to avoid illnesses that ne-
cessitate hospital admissions. For those hospital ad-
missions which were specified to be the initial hospi-
tal admission (in particular, hospital admissions for
coronary heart disease (CHD) events and stroke), COI
estimates include, where possible, all costs of the ill-
ness, including the present discounted value of the
stream of medical expenditures related to the illness,
as well as the present discounted value of the stream
of lost earnings related to the illness. (While an esti-
mate of present discounted value of both medical ex-
penditures and lost earnings was available for stroke,
the best available estimate for CHD did not include
lost earnings. The derivations of the COI estimates
for CHD and stroke, both lead-induced effects, are
discussed in Appendix G.)

In those cases for which it is unspecified whether
the hospital admission is the initial one or not (that is,
for all hospital admissions endpoints other than CHD
and stroke), it is unclear what portion of medical ex-
penditures and lost earnings after hospital discharge
can reasonably be attributed to pollution exposure and
what portion might have resulted from an individual’s
pre-existing condition even in the absence of a par-
ticular pollution-related hospital admission. In such
cases, the COI estimates include only those costs as-
sociated with the hospital stay, including the hospital
charge, the associated physician charge, and the lost
earnings while in the hospital. The derivations of these
costs are discussed in Abt Associates Inc., 1996.

These COI estimates are likely to substantially
understate total WTP to avoid an illness that began
with a hospital admission or to avoid a particular hos-
pital admission itself. First, most of the COI estimates
fall short of being full COI estimates either because
of insufficient information or because of ambiguities
concerning what portion of post-hospital costs should
be attributed to pollution exposure. Even full COI es-
timates will understate total WTP, however, because
they do not include the value of avoiding the pain and
suffering associated with the illness for which the in-
dividual entered the hospital.

Valuation of Chronic Bronchitis Avoided

Although the severity of cases of chronic bron-
chitis valued in some studies approaches that of
chronic obstructive pulmonary disease, to maintain
consistency with the existing literature we do not treat
those cases separately for the purposes of this analy-
sis. Chronic bronchitis is one of the only morbidity

endpoints that may be expected to last from the initial
onset of the illness throughout the rest of the
individual’s life. WTP to avoid chronic bronchitis
would therefore be expected to incorporate the present
discounted value of a potentially long stream of costs
(e.g., medical expenditures and lost earnings) associ-
ated with the illness. Two studies, Viscusi et al. (1991)
and Krupnick and Cropper (1992) provide estimates
of WTP to avoid a case of chronic bronchitis. The
study by Viscusi et al., however, uses a sample that is
larger and more representative of the general popula-
tion than the study by Krupnick and Cropper (which
selects people who have a relative with the disease).
The valuation of chronic bronchitis in this analysis is
therefore based on the distribution of WTP responses
from Viscusi et al. (1991).

Both Viscusi et al. (1991) and Krupnick and Crop-
per (1992), however, defined a case of severe chronic
bronchitis. It is unclear what proportion of the cases
of chronic bronchitis predicted to be associated with
exposure to pollution would turn out to be severe cases.
The incidence of pollution-related chronic bronchitis
was based on Abbey et al. (1993), which considered
only new cases of the illness.1 While a new case may
not start out being severe, chronic bronchitis is a
chronic illness which may progress in severity from
onset throughout the rest of the individual’s life. It is
the chronic illness which is being valued, rather than
the illness at onset.

The WTP to avoid a case of pollution-related
chronic bronchitis (CB) is derived by starting with
the WTP to avoid a severe case of chronic bronchitis,
as described by Viscusi et al. (1991), and adjusting it
downward to reflect (1) the decrease in severity of a
case of pollution-related CB relative to the severe case
described in the Viscusi study, and (2) the elasticity
of WTP with respect to severity. Because elasticity is
a marginal concept and because it is a function of se-
verity (as estimated from Krupnick and Cropper,
1992), WTP adjustments were made incrementally,
in one percent steps. At each step, given a WTP to
avoid a case of CB of severity level sev, the WTP to
avoid a case of severity level 0.99*sev was derived.
This procedure was iterated until the desired severity
level was reached and the corresponding WTP was
derived. Because the elasticity of WTP with respect
to severity is a function of severity, this elasticity
changes at each iteration. If, for example, it is believed
that a pollution-related case of CB is of average se-

1 It is important that only new chronic bronchitis be considered in this analysis because WTP estimates reflect lifetime expendi-
tures and/or losses associated with this chronic illness, and incidences are predicted separately for each year during the period 1970-
1990. If the total prevalence of chronic bronchitis, rather than the incidence of only new chronic bronchitis were predicted each year,
valuation estimates reflecting lifetime expenditures could be repeatedly applied to the same individual for many years, resulting in a
severe overestimation of the value of avoiding pollution-related chronic bronchitis.
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verity, that is, a 50 percent reduction in severity from
the case described in the Viscusi study, then the itera-
tive procedure would proceed until the severity level
was half of what it started out to be.

The derivation of the WTP to avoid a case of pol-
lution-related chronic bronchitis is based on three com-
ponents, each of which is uncertain: (1) the WTP to
avoid a case of severe CB, as described in the Viscusi
study, (2) the severity level of an average pollution-
related case of CB (relative to that of the case de-
scribed by Viscusi), and (3) the elasticity of WTP with
respect to severity of the illness. Because of these three
sources of uncertainty, the WTP is uncertain. Based
on assumptions about the distributions of each of the
three uncertain components, a distribution of WTP to
avoid a pollution-related case of CB was derived by
Monte Carlo methods. The mean of this distribution,
which was about $260,000, is taken as the central ten-
dency estimate of WTP to avoid a pollution-related
case of CB. Each of the three underlying distributions
is described briefly below.

The distribution of WTP to avoid a severe case of
CB was based on the distribution of WTP responses
in the Viscusi study. Viscusi et al. derived respon-
dents’ implicit WTP to avoid a statistical case of
chronic bronchitis from their WTP for a specified re-
duction in risk. The mean response implied a WTP of
about $1,000,000 (1990 dollars)2; the median response
implied a WTP of about $530,000 (1990 dollars).
However, the extreme tails of distributions of WTP
responses are usually considered unreliable. Because
the mean is much more sensitive to extreme values,
the median of WTP responses is often used rather than
the mean. Viscusi et al. report not only the mean and
median of their distribution of WTP responses, how-
ever, but the decile points as well. The distribution of
reliable WTP responses from the Viscusi study could
therefore be approximated by a discrete uniform dis-
tribution giving a probability of one ninth to each of
the first nine decile points. This omits the first five
and the last five percent of the responses (the extreme
tails, considered unreliable). This trimmed distribu-
tion of WTP responses from the Viscusi study was
assumed to be the distribution of WTPs to avoid a
severe case of CB. The mean of this distribution is
about $720,000 (1990 dollars).

The distribution of the severity level of an aver-
age case of pollution-related CB was modeled as a
triangular distribution centered at 6.5, with endpoints

at 1.0 and 12.0. These severity levels are based on the
severity levels used in Krupnick and Cropper, 1992,
which estimated with relationship between ln(WTP)
and severity level, from which the elasticity is derived.
The most severe case of CB in that study is assigned a
severity level of 13. The mean of the triangular distri-
bution is 6.5. This represents a 50 percent reduction
in severity from a severe case.

The elasticity of WTP to avoid a case of CB with
respect to the severity of that case of CB is a constant
times the severity level. This constant was estimated
by Krupnick and Cropper, 1992, in the regression of
ln(WTP) on severity, discussed above. This estimated
constant (regression coefficient) is normally distrib-
uted with mean = 0.18 and standard deviation = 0.0669
(obtained from Krupnick and Cropper, 1992).

The distribution of WTP to avoid a case of pollu-
tion-related CB was generated by Monte Carlo meth-
ods, drawing from the three distributions described
above. On each of 16,000 iterations (1) a value was
selected from each distribution, and (2) a value for
WTP was generated by the iterative procedure de-
scribed above, in which the severity level was de-
creased by one percent on each iteration, and the cor-
responding WTP was derived. The mean of the re-
sulting distribution of WTP to avoid a case of pollu-
tion-related CB was $260,000.

This WTP estimate is reasonably consistent with
full COI estimates derived for chronic bronchitis, us-
ing average annual lost earnings and average annual
medical expenditures reported by Cropper and
Krupnick, 1990. Using a 5 percent discount rate and
assuming that (1) lost earnings continue until age 65,
(2) medical expenditures are incurred until death, and
(3) life expectancy is unchanged by chronic bronchi-
tis, the present discounted value of the stream of medi-
cal expenditures and lost earnings associated with an
average case of chronic bronchitis is estimated to be
about $77,000 for a 30 year old, about $58,000 for a
40 year old, about $60,000 for a 50 year old, and about
$41,000 for a 60 year old. A WTP estimate would be
expected to be greater than a full COI estimate, re-
flecting the willingness to pay to avoid the pain and
suffering associated with the illness. The WTP esti-
mate of $260,000 is from 3.4 times the full COI esti-
mate (for 30 year olds) to 6.3 times the full COI esti-
mate (for 60 year olds).

2 There is an indication in the Viscusi paper that the dollar values in the paper are in 1987 dollars. Under this assumption, the
dollar values were converted to 1990 dollars.
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Valuation of Other Morbidity Endpoints Avoided

WTP to avoid a day of specific morbidity end-
points, such as coughing or shortness of breath, has
been estimated by only a small number of studies (two
or three studies, for some endpoints; only one study
for other endpoints). The estimates for health end-
points involving these morbidity endpoints are there-
fore similarly based on only a few studies. However,
it is worth noting that the total benefit associated with
any reduction in pollutant concentrations is determined
largely by the benefit associated with the correspond-
ing reduction in mortality risk because the dollar value
associated with mortality is significantly greater than
any other valuation estimate. More detailed explana-
tions for valuation of specific morbidity endpoints is
given in Table I-2.

Estimates of WTP may be understated for a couple
of reasons. First, if exposure to pollution has any cu-
mulative or lagged effects, then a given reduction in
pollution concentrations in one year may confer ben-
efits not only in that year but in future years as well.
Benefits achieved in later years are not included. Sec-
ond, the possible effects of altruism are not consid-
ered in any of the economic value derivations. Indi-
viduals’ WTP for reductions in health risks for others
are implicitly assumed to be zero.

Table I-2 summarizes the derivations of the eco-
nomic values used in the analysis. More detailed de-
scriptions of the derivations of lead-related endpoints
(hospital admissions for CHD and stroke, Lost IQ
points, IQ below 70, and hypertension) are discussed
in Appendix G.

Valuation of Welfare Effects

With the exception of agricultural benefits, eco-
nomic valuations for welfare effects quantified in the
analysis (i.e., household soiling damage, visibility and
worker productivity) are documented in Table I-2. For
agricultural benefits, estimated changes in crop yields
were evaluated with an agricultural sector model,
AGSIM. This model incorporates agricultural price,
farm policy, and other data for each year. Based on
expected yields, the model estimates the production
levels for each crop, the economic benefits to con-
sumers, and the economic benefits to producers asso-
ciated with these production levels. To the extent that
alternative exposure-response relationships were
available, a range of potential benefits was calculated.
Appendix F documents the derivation of the monetary

benefits associated with improved agricultural pro-
duction. The derivation of the residential visibility
valuation estimate is discussed further below.

Visibility Valuation

Residential visibility has historically been valued
through the use of contingent valuation studies, which
employ surveys and questionnaires to determine the
economic value respondents place on specified
changes in visibility. A number of such studies have
been published in the economics literature since the
late 1970s, and have reported a wide range of result-
ing values for visibility, expressed as household will-
ingness to pay (WTP) for a hypothesized improve-
ment in visibility. Those studies were carefully re-
viewed for their applicability to the retrospective
analysis.

One limitation of many existing contingent valu-
ation studies of visibility is that they are local or re-
gional in scope, soliciting values for visibility from
residents of only one or two cities in a single region
of the country. Studies of visibility values from west-
ern cities, the most recent of which was published in
1981, have reported somewhat lower values than those
from eastern cities, raising the question of whether
eastern and western visibility are different commodi-
ties and should be valued differently in this analysis.

While the different visibility values reported in
the literature may appear to imply that visibility is
not valued equally by survey respondents in the east-
ern and western U.S., other evidence suggests that
eastern and western visibility are not fundamentally
different commodities, and that the retrospective ben-
efits calculations should not be based on separate east-
ern and western visibility values. For example,
NAPAP data indicate that California’s South Coast
Air Basin, which encompasses Los Angeles and ex-
tends northward to the vicinity of San Francisco, has
median baseline visibility more characteristic of the
eastern U.S. than of other areas of the west (NAPAP
1991; IEc 1992, 1993a), reflecting the influence of
the higher humidity typical of coastal areas. While
inland areas of the west will tend to have lower hu-
midity, and hence greater baseline visibility than ei-
ther the eastern region or the western coastal zone,
such baseline visibility differences are accounted for
in the conversion from the visual range metric to
DeciView.
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Perhaps the most compelling rationale for employ-
ing a single nationwide visibility valuation strategy
in the retrospective benefits analysis, however, relates
to the air quality modeling output used to calculate
the control and no-control scenario visibility profiles,
and its implications for the valuation of visibility as a
commodity. The RADM model and linear scaling
technique used for the retrospective analysis model
visibility improvements nationwide as changes in re-
gional atmospheric haze. In other words, although the
magnitude of visibility effects may vary between re-
gions, the model output does not distinguish between
a change in eastern visibility and a change in western
visibility as distinct phenomena. Thus, there is no clear
reason to value those same visibility changes differ-
ently in calculating the benefits of visibility improve-
ments. Consequently, a single, consistent valuation
basis has been applied to residential visibility improve-
ments nationwide for this analysis.

In light of advances in the state of the art of con-
tingent valuation over the last decade, the age of many
of the existing studies raised questions regarding their
suitability to serve as the primary basis for the vis-
ibility benefits estimates. A review of the survey and
data analysis methods used in the available studies
indicated that a study conducted for EPA by
McClelland et al. (1991) addressed many of the meth-
odological flaws of earlier studies, employing survey
methods and analytical techniques designed to mini-
mize potential biases (IEc 1992). Although this study
is unpublished, given its methodological improve-
ments over earlier studies it was chosen as the basis
for the central tendency of the visibility benefits esti-
mate, yielding an estimated value of $14 per unit im-
provement in DeciView as the annual household WTP
for visibility improvements (IEc 1997), as specified
in Table I-2.

The difficulty of accurately defining the expected
statistical distribution of WTP values for visibility
improvements on the basis of published studies of
uneven reliability, along with the considerable varia-
tion in reported visibility values, led to the selection
of a hypothesized triangular distribution of values to
characterize the uncertainty in the visibility benefits
estimate. Reliance on any single study to estimate the
uncertainty range would be unlikely to adequately
characterize variations in visibility values that might
exist across cities, and in any case would fail to cap-
ture the full variability of visibility values reported in
the literature. Therefore, to ensure that the retrospec-
tive study characterizes the full range of uncertainty

in visibility values nationwide, the upper and lower
bounds of the triangular distribution were derived by
combining results from appropriate eastern and west-
ern residential visibility valuation studies.

Most of the existing residential visibility valua-
tion studies were found to suffer from part-whole bias,
which results from the failure to differentiate values
for visibility from those for other air quality ameni-
ties, such as reductions in adverse health effects. Of
the studies reviewed for this analysis, only the
McClelland study and Brookshire et al. (1979) have
attempted to obtain bids explicitly for visibility im-
provements (IEc 1992). Since part-whole bias will tend
to produce overstated values for visibility, reported
values from all studies that do not correct for part-
whole bias were adjusted prior to calculating the lower
bound of the uncertainty range. The upper bound of
the uncertainty range was calculated using the unad-
justed values from all studies, which is equivalent to
assuming that the entire value of respondents’ stated
WTP for improved air quality can be attributed to in-
creased visibility.

The uncertainty range specified in Table I-2 cal-
culated using a consensus function derived from a
regression analysis, incorporates a 25 percent adjust-
ment for part-whole bias (i.e., reported values were
multiplied by 0.25) in calculating the lower bound.
This represents an approximate midpoint of the range
defined by the McClelland study’s finding that respon-
dents allocated, on average, 18.6 percent of their total
WTP to improvements in visibility, and Chestnut and
Rowe’s (1989) conclusion that visibility improvement
accounted for 34 percent of the total WTP reported in
the Brookshire et al. study. Similarly, the “Denver
Brown Cloud” study results indicate that respondents
allocated 27.2 percent of their total WTP to visibility
improvements (Irwin et al. 1990). Therefore, the ap-
plication of a 25 percent adjustment for part-whole
bias to all but the McClelland and Brookshire values
would appear to be supported by the recent literature,
with the resulting consensus value representing a plau-
sible lower bound for the uncertainty range of visibil-
ity values. The consensus function approach, incor-
porating the part-whole bias adjustment, yields esti-
mated upper and lower bound values of $21 and $8,
respectively, for annual household WTP per unit im-
provement in DeciView.
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Results of Valuation of Health
and Welfare Effects

Table I-3 presents the results of combining the
economic valuations described in this Appendix with
the health and welfare effects results presented in
Appendix D. As noted in Appendix D, there are alter-
native estimates for some health and welfare impacts,
which form the basis of several alternative benefit
estimates. Each of the health effects estimates also
has quantified statistical uncertainty. The range of
estimated health and welfare effects, along with the
uncertain economic unit valuations, were combined
to estimate a range of possible results. The combin-
ing of the health and economic information used the
Monte Carlo method presented in Chapter 7. Table I-
3 shows the mean estimate results, as well as the mea-
sured credible range (upper and lower five percen-
tiles of the results distribution), of economic benefits
for each of the quantified health and welfare catego-
ries.

The results for aggregate monetized benefits were
also calculated using a Monte Carlo method. The re-
sults of the Monte Carlo simulations for the economic
values for each of the major endpoint categories are
presented in Table I-4. Note that for the upper and
lower fifth percentiles the sum of the estimated ben-
efits from the individual endpoints does not equal the
estimated total. The Monte Carlo method used in the
analysis assumes that each health and welfare end-
point is independent of the others. There is a very low
probability that the aggregate benefits will equal the
sum of the fifth percentile benefits from each of the
ten endpoints.

Table I-5 shows the estimated total benefits ranges
for the four modeled target years of this study: 1975,
1980, 1985, and 1990. The results of the Monte Carlo
simulations of the aggregate economic benefits for
these four target years are depicted in Figure I-1.

Table I-6 examines the impact of limiting the
scope of the analysis to locations with more certain
air quality estimates. The main analysis (as shown in
Tables I-3 through I-5) covers almost the entire popu-
lation of the 48 States.3  However, the air quality in-
formation is less certain for locations far from a moni-
tor. Table I-6 presents the results of limiting the analy-
sis to people living within 50 km of an ozone, NO2,

SO
2
, or CO monitor, or in counties with a PM moni-

tor. The availability of monitors changes over time.
Hence the proportion of the population included in
this analysis changes over time as well. Table I-6 in-
dicates that approximately a quarter of the total ben-
efits estimated in the main analysis comes from areas
with less certain air quality information.

The results of the “all U.S. population” analysis
provides a more accurate depiction of the pattern of
economic benefits across years. The accuracy of the
scale of incidence is less certain. These results pro-
vide a better characterization of the total direct ben-
efits of the Clean Air Act in the lower 48 states than
do the “monitored area only” results because the lat-
ter completely omits historical air quality improve-
ments for about 25 percent of the population. How-
ever, the “all U.S. population” results rely on uncer-
tain extrapolations of pollution concentrations, and
subsequent exposures, from distant monitoring sites
to provide coverage for the 25 percent or so of the
population living far from air quality monitors. Thus,
the main results presented in Tables I-3 through I-5
include important uncertainties.

Uncertainties

The uncertainty ranges for the results on the
present value of the aggregate measured monetary
benefits reported in Table I-3 reflect two important
sources of measured uncertainty:

• uncertainty about the avoided incidence of
health and welfare effects deriving from the
concentration-response functions, including
both selection of scientific studies and statis-
tical uncertainty from the original studies; and

• uncertainty about the economic value of each
quantified health and welfare effect.

These aggregate uncertainty results incorporate many
decisions about analytical procedures and specific
assumptions discussed in the Appendices to this re-
port.

In order to provide a more complete understand-
ing of the economic benefit results in Table I-3, sen-
sitivity analyses examine several additional important
aspects of the main analysis. First, this section ex-

3 Except for lead, two to five percent (depending on pollutant) of the population who live in sparsely populated areas are
excluded from the main analysis to maximize computer efficiency. All of the population of the 48 states is included in the lead
analysis.
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  Present Value (billions of 1990$)Present Value (billions of 1990$)

EndpointEndpoint Pollutant(s)Pollutant(s) 5th %5th %ileile MeanMean 95th95th % %ileile

Mortality

Mortality (long-term PM-10 exposure) PM $2,369 $16,632 $40,597

Mortality (Lead exposure) Lead $121 $1,339 $3,910 

Chronic Bronchitis PM $409 $3,313 $10,401 

Other Lead-induced Ailments

Lost IQ Points Lead $248 $377 $528 

IQ < 70 Lead $15 $22 $29 

Hypertension Lead $77 $98 $120 

Coronary Heart Disease Lead $0 $13 $40 

Atherothrombotic brain infarction Lead $1 $10 $30 

Initial cerebrovascular accident Lead $2 $16 $45 

Hospital Admissions

*All Respiratory PM & O3 $8 $9 $11 

*COPD + Pneumonia PM & O3 $8 $9 $10 

Ischemic Heart Disease PM $1 $4 $6 

Congestive Heart Failure PM & CO $3 $5 $7 

Other Respiratory-Related Ailments

Children

   Shortness of breath, days PM $0 $6 $17 

   **Acute Bronchitis PM $0 $7 $18 

   **Upper & Lower Respiratory Symptoms PM $1 $2 $4 

Adults

   Any of 19 Acute Symptoms PM & O3 $4 $46 $117 

All

   Asthma Attacks PM & O3 $0 $0 $1 

   Increase in Respiratory Illness NO2 $1 $2 $4 

   Any Symptom SO2 $0 $0 $0 

Restricted Activity and Work Loss Days

MRAD PM & O3 $50 $85 $123 

Work Loss Days (WLD) PM $30 $34 $39 

Human Welfare

Household Soiling Damage PM $6 $74 $192 

Visibility - Eastern U.S. particulates $38 $54 $71 

Decreased Worker Productivity O3 $3 $3 $3 

Agriculture (Net Surplus) O3 $11 $23 $35 

To avoid double-counting of benefits, the following endpoints were treated as alternatives:
 *Hospital admissions for COPD combined with those for pneumonia are treated as an equally-weighted alternative to hospital
     admissions for all respiratory illnesses.  
 **The definitions of acute bronchitis and upper and lower respiratory illness overlap; both studies count trouble breathing,
        dry cough, and wheezing in their estimates.  These two studies are treated as alternatives, which reflects the variability of
       pollution-induced respiratory effects in children.

Table I-3.  Crite ria Pollutan ts Health and We lfare Benefits -- Extrapola ted to Entire 48 State
Population  Present Value (in 1990 using 5% discount ra te) of Benefits from 1970 - 1990 (in billions o f
1990 dollars).
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Present Value

Endpoint Pollutant(s) 5th %ile Mean 95th %ile

Mortality PM $2,369 $16,632 $40,597 

Mortality Pb $121 $1,339 $3,910 

Chronic Obstructive Pulmonary Disease PM $409 $3,313 $10,401 

IQ (Lost IQ Pts. + Children w/ IQ<70) Pb $271 $399 $551 

Hypertension Pb $77 $98 $120 

Hospital Admissions PM, O3, Pb, & CO $27 $57 $120 

Respiratory-Related Symptoms, Restricted
Activity , & Decreased Productivity

PM, O3, NO2, & SO2 $123 $182 $261 

Soiling Damage PM $6 $74 $192 

Visibility particu lates $38 $54 $71 

Agr iculture (Net Surplus) O3 $11 $23 $35 

Table I-4.  Present Value of 1970 to 1990 Monetized Benefits by Endpoint Category for 48 State
Population  (billions of $1990, discounted  to 1990 at 5 percent).

Total Benefits By Year ($Billions) 1975 1980 1985 1990 Present Value (5%)

   5th percentile $87 $235 $293 $329 $5,600 

   Mean $355 $930 $1,155 $1,248 $22,200 

   95th percentile $799 $2,063 $2,569 $2,762 $49,400 

Notes:

Present value reflects compounding of benefits from 1971 to 1990.  

"Uncertainty Estimates" are results of Monte Carlo analysis combining economic and physical effects uncertainty (i.e., using both 
between- and within-study variability).  

Full uncertainty analysis done only for years shown.  Uncertainty estim ates for intermediate years computed based on ratios of 5th
to 50th percentile and 95th to 50th percentile for years shown.  Ratios interpolated between  years shown and applied to point
estimates for interm ediate years.

Table I-5.  Monte Carlo Simulation Model Results for Target Years, Plus Present Value in 1990
Terms of Total Monetized Benefits for Entire 1970 to 1990 Period (in billions of 1990-value dollars).
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Figure I-1. Monte Carlo Simulation Model Results for Target Years (in billions of 1990 dollars).
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Mean Estimate of Monetized
Benefits

(mill ions o f 1 990-dollars)

Endpoin t Pollutant(s) 48 Sta te Pop. Monito red
Areas*

 M ortality PM $892 ,39 0 $580 ,2 99 

 M ortality Pb $111 ,74 1 $111 ,7 41 

 C hronic Bron ch itis PM $179 ,75 5 $120 ,0 53 

 IQ (Lost IQ Points +  Ch ildren  with  IQ  < 70) Pb $32 ,38 1 $32,381  

 Hyp ertension Pb $8,584 $8,584  

 H ospital Ad missions PM, O 3, Pb, & CO $4,281 $3,994  

 R espiratory-R elated Symp toms, R estricted PM, O 3, NO2, & SO 2 $10 ,24 9 $7,089  

         Activ ity, & Decreased P rod uctivity

 Soilin g Damage PM $3,964 $2,709  

 Visibility particulates $3,382 $3,382  

 A griculture (Net Surp lus) O3 $98 6 $986  

TOTAL ($M ill io ns) $1,247 ,71 3 $871 ,2 18 

* M onito red areas are those within 50 km of an O 3, N O2, SO2 , or CO mon itor  or  a PM -mon itored  county . 
The "48 State P op ulation" modelin g estimate captures b en efits for pop ulations in  un monitored areas.   Air
pollution co ncentration s in  these areas are assigned based  on concentratio ns measured  at the clo sest
monitor, f or O3, NO2 , SO2, and CO.  PM con centrations in un monitored co unties are derived by
extrap olatin g tho se in mon itored  counties.

Table I-6 . Co mparison o f 1990 (Sing le  Year) M onetized Benefits  by  Endpoint for  48 Sta te
Population  and  M onitored Areas ( in millions of 19 90 dolla rs).
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plores the effect of selecting alternative discount rates
on the aggregate present value benefits estimation.
Second, this section examines the sources of the mea-
sured aggregate uncertainty, identifying which of the
measured uncertainty components of incidence and
valuation for individual health effects categories drive
the overall uncertainty results. Third, this section ex-
amines several issues involving the estimated eco-
nomic benefits of mortality.

The Effect of Discount Rates

The main analysis reflected in present value re-
sults shown in Table I-3 uses a five percent discount
rate. The discount rate primarily enters the calcula-
tions when compounding the economic benefits esti-
mates from individual years between 1970 and 1990
to estimate the present value of the benefits in 1990.
The discount rate also directly enters in the calcula-
tions of the economic values of an IQ point and an
initial case of coronary heart disease.4  There is con-
siderable controversy in the economics and policy lit-
erature about the appropriate discount rate to use in
different settings. Major alternatives recommended by
various authors include a discount rate based on the
social discount rate (typical estimates are in the 2 to 3
percent range), and a discount rate based on the risk-
free rate of return on capital (typically in the 7 to 10
percent range). Table I-7 presents the aggregate un-
certainty results using three different discount rates:
3 percent, 5 percent and 7 percent. While the aggre-

gate benefits estimates are sensitive to the discount
rate, selecting one of these alternative discount rates
affects the aggregate benefits estimates by only about
15 percent.

The Relative Importance of Different
Components of Uncertainty

The estimated uncertainty ranges in Table I-3 re-
flect the measured uncertainty associated with both
avoided incidence and economic valuation. A better
understanding of the relative influence of individual
uncertain variables on the overall uncertainty in the
analysis can be gained by isolating the individual ef-
fects of important variables on the range of estimated
benefits. This can be accomplished by holding all the
inputs to the Monte Carlo uncertainty analysis con-
stant (at their mean values), and allowing only one
variable -- for example, the economic valuation of
mortality -- to vary across the range of that variable’s
uncertainty. The sensitivity analysis then isolates how
this single source of variability contributes to the varia-
tion in estimated total benefits. The results are sum-
marized in Figure I-2. The nine individual uncertainty
factors that contribute the most to the overall uncer-
tainty are shown in Figure I-2, ordered by the relative
significance of their contribution to overall uncer-
tainty. Each of the additional sources of quantified
uncertainty in the overall analysis not shown contrib-
ute a smaller amount of uncertainty to the estimates
of monetized benefits than the sources that are shown.

Present Value in 1990 of Total Benefits
(Trillions of 1990 Dollars) 3% 5% 7% 

   5th percentile $4.9 $5.6 $6.5 

   Mean $19.2 $22.2 $25.8 

   95th percentile $42.7 $49.4 $57.5 

Notes:

Present value reflects compounding of benefits from 1971 to 1990.  

Table I-7.  Effect of Alternative Discount Rates on  Present Value of Total Monetized Benefits for
1970 to 1990 (in trillions of 1990 dollars).

4 The estimated economic value of lost IQ points due to lead exposure is based on the present value of the impact on lifetime
earnings. A discount rate is required to calculate that present value. The impact on income primarily occurs during adulthood, which
is 20 to 70 years after the initial lead exposure. This significant lag results in the discount rate having a significant impact on the
estimated economic benefits of the IQ loss. Similarly, the cost of illness estimate for an initial case of CHD includes the present value
of the annual stream of medical costs incurred after the event, the calculation of which requires an estimate of the discount rate.
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Because of the multiple uncertainties in the ben-
efits estimation, the total estimated present value of
the monetary benefits of the 1970 to 1990 Clean Air
Act range from a low of about $5.6 trillion to a high
of about $49.4 trillion (in 1990 dollars, discounted at
five percent). Most of the uncertainty in the total esti-
mated benefit levels comes from uncertainty in the
estimate of the economic valuation of mortality, fol-
lowed by the uncertainty in the incidence of mortality
from PM (as a surrogate for all non-lead air pollu-
tion). The incidence of lead-induced mortality also
has a significant influence on the overall uncertainty.
The importance of mortality is not surprising, because
the benefits associated with reduced mortality are such
a large share of overall monetized benefits.

The uncertainty in both the incidence and valua-
tion of chronic bronchitis are the two other signifi-
cant factors driving the overall uncertainty range. The
modeled uncertainty in the other remaining health and
welfare endpoints in the analysis contribute relatively
small amounts to the overall uncertainty in the esti-
mate of total monetary benefits of the Clean Air Act.
Most of these other endpoints account for a relatively
small proportion of the overall benefits estimates,
making it unlikely that they could contribute signifi-
cantly to the overall uncertainty. Estimates of either

the mean values or standard errors of these variables
are generally very small relative to estimated total
monetary benefits.

Economic Benefits Associated with
Reducing Premature Mortality

Because the economic benefits associated with
premature mortality are the largest source of mon-
etized benefits in the analysis, and because the uncer-
tainties in both the incidence and value of premature
mortality are the most important sources of uncertainty
in the overall analysis, it is useful to examine the
mortality benefits estimation in greater detail.

The analytical procedure used in the main analy-
sis to estimate the monetary benefits of avoided pre-
mature mortality assumes that the appropriate eco-
nomic value for each incidence is a value from the
currently accepted range of the value of a statistical
life. As discussed above, the estimated value per pre-
dicted incidence of excess premature mortality is
modeled as a Weibull distribution, with a mean value
of $4.8 million and a standard deviation of $3.2 mil-
lion. This estimate is based on 26 studies of the value
of mortal risks.

Figure I-2. Uncertainty Ranges Deriving From Individual Uncertainty Factors.
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There is considerable uncertainty as to whether
the 26 studies on the value of a statistical life provide
adequate estimates of the value of a statistical life
saved by air pollution reduction. Although there is
considerable variation in the analytical designs and
data used in the 26 underlying studies, the majority of
the studies involve the value of risks to a middle-aged
working population. Most of the studies examine dif-
ferences in wages of risky occupations, using a wage-
hedonic approach. Certain characteristics of both the
population affected and the mortality risk facing that
population are believed to affect the average willing-
ness to pay (WTP) to reduce the risk. The appropri-
ateness of a distribution of WTP estimates from the
26 studies for valuing the mortality-related benefits
of reductions in air pollution concentrations therefore
depends not only on the quality of the studies (i.e.,
how well they measure what they are trying to mea-
sure), but also on (1) the extent to which the subjects
in the studies are similar to the population affected by
changes in pollution concentrations, and (2) the ex-
tent to which the risks being valued are similar. As
discussed below, there are possible sources of both
upward and downward bias in the estimates provided
by the 26 studies when applied to the population and
risk being considered in this analysis.

If the individuals who die prematurely from air
pollution are consistently older than the population in
the valuation studies, the mortality valuations based
on middle-aged people may provide a biased estimate
of the willingness to pay of older individuals to re-
duce mortal risk. There is some evidence to suggest
that the people who die prematurely from exposure to
ambient particulate matter tend to be older than the
populations in the valuation studies. In the general
U.S. population far more older people die than younger
people; 88 percent of the deaths are among people
over 64 years old. It is difficult to establish the pro-
portion of the pollution-related deaths that are among
the older population because it is impossible to iso-
late individual cases where one can say with even rea-
sonable certainty that a specific individual died be-
cause of air pollution.

There is considerable uncertainty whether older
people will have a greater willingness to pay to avoid
risks than younger people. There is reason to believe
that those over 65 are, in general, more risk averse
than the general population, while workers in
wage-risk studies are likely to be less risk averse than
the general population. More risk averse people would
have a greater willingness to pay to avoid risk than

less risk averse people. Although the list of recom-
mended studies excludes studies that consider only
much-higher-than- average occupational risks, there
is nevertheless likely to be some selection bias in the
remaining studies -- that is, these studies are likely to
be based on samples of workers who are, on average,
more risk-loving than the general population. In con-
trast, older people as a group exhibit more risk averse
behavior.

In addition, it might be argued that because the
elderly have greater average wealth than those
younger, the affected population is also wealthier, on
average, than wage-risk study subjects, who tend to
be blue collar workers. It is possible, however, that
among the elderly it is largely the poor elderly who
are most vulnerable to pollution-related mortality risk
(e.g., because of generally poorer health care). If this
is the case, the average wealth of those affected by a
pollution reduction relative to that of subjects in
wage-risk studies is uncertain. In addition, the work-
ers in the wage-risk studies will have potentially more
years remaining in which to acquire streams of in-
come from future earnings.

Although there may be several ways in which job-
related mortality risks differ from air pollution-related
mortality risks, the most important difference may be
that job-related risks are incurred voluntarily whereas
air pollution-related risks are incurred involuntarily.
There is some evidence (see, for example, Violette
and Chestnut, 1983) that people will pay more to re-
duce involuntarily incurred risks than risks incurred
voluntarily. If this is the case, WTP estimates based
on wage-risk studies may be downward biased esti-
mates of WTP to reduce involuntarily incurred air
pollution-related mortality risks.

Finally, another possible difference related to the
nature of the risk may be that some workplace mor-
tality risks tend to involve sudden, catastrophic events
(e.g., workplace accidents), whereas air pollution-re-
lated risks tend to involve longer periods of disease
and suffering prior to death. Some evidence suggests
that WTP to avoid a risk of a protracted death involv-
ing prolonged suffering and loss of dignity and per-
sonal control is greater than the WTP to avoid a risk
(of identical magnitude) of sudden death. Some work-
place risks, such as risks from exposure to toxic chemi-
cals, may be more similar to pollution-related risks. It
is not clear, however, what proportion of the work-
place risks in the wage-risk studies were related to
workplace accidents and what proportion were risks
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from exposure to toxic chemicals. To the extent that
the mortality risks addressed in this assessment are
associated with longer periods of illness or greater pain
and suffering than are the risks addressed in the valu-
ation literature, the WTP measurements employed in
the present analysis would reflect a downward bias.

The direction of bias resulting from the age dif-
ference is unclear, particularly because age is con-
founded by risk aversion (relative to the general popu-
lation). It could be argued that, because an older per-
son has fewer expected years left to lose, his WTP to
reduce mortality risk would be less than that of a
younger person. This hypothesis is supported by one
empirical study, Jones-Lee et al. (1985), that found
the value of a statistical life at age 65 to be about 90
percent of what it is at age 40. Citing the evidence
provided by Jones-Lee et al. (1985), a recent sulfate-
related health benefits study conducted for EPA (U.S.
EPA, 1995) assumes that the value of a statistical life
for those 65 and over is 75 percent of what it is for
those under 65.

There is substantial evidence that the income elas-
ticity of WTP for health risk reductions is positive
(see, for example, Alberini et al., 1994; Mitchell and
Carson, 1986; Loehman and Vo Hu De, 1982; Gerking
et al., 1988; and Jones-Lee et al., 1985), although there
is uncertainty about the exact value of this elasticity.
Individuals with higher incomes (or greater wealth)
should, then, be willing to pay more to reduce risk, all
else equal, than individuals with lower incomes or
wealth. Whether the average income or level of wealth
of the population affected by PM reductions is likely
to be significantly different from that of subjects in
wage-risk studies, however, is unclear, as discussed
above.

The need to adjust wage-risk-based WTP esti-
mates downward because of the likely upward bias
introduced by the age discrepancy has received sig-
nificant attention (see Chestnut, 1995; IEc, 1992). If
the age difference were the only difference between
the population affected by pollution changes and the
subjects in the wage-risk studies, there might be some
justification for trying to adjust the point estimate of
$4.8 million downward. Even in this case, however,
the degree of the adjustment would be unclear. There
is good reason to suspect, however, that there are bi-
ases in both directions. Because in each case the ex-
tent of the bias is unknown, the overall direction of
bias in the mortality values is similarly unknown.
Adjusting the estimate upward or downward to com-

pensate for any one source of bias could therefore in-
crease the degree of bias. Therefore, the range of val-
ues from the 26 studies is used in the primary analy-
sis without adjustment.

Examining the sensitivity of the overall results to
the mortality values can help illuminate the potential
impacts of alternative mortality valuations. As men-
tioned above, a contractor study performed for EPA
used one approach to evaluate the economic value of
sulfate-related human health improvements resulting
from 1990 Clean Air Act Amendments Title IV acid
rain controls. That study assumed that 85 percent of
the people dying from sulfates (an important compo-
nent of particulate matter) were over 65, and that
people over 65 have a willingness to pay to avoid a
mortal risk that is 75 percent of the values that middle-
aged people have. Using this approach, the value of
an average statistical life (using a weighted average)
is reduced to 79 percent of the previous value.

If statistical life-years lost are used as the unit of
measure, rather than statistical lives lost, the benefit
attributed to avoiding a premature death depends di-
rectly on how premature it is. One way to estimate
the value of a statistical life-year assumes that the value
of a statistical life is directly related to remaining life
expectancy and a constant value for each life-year.
Such an approach results in smaller values of a statis-
tical life for older people, who have shorter life ex-
pectancies, and larger values for younger people. For
example, if the $4.8 million mean value of avoiding
death for people with a 35 year life expectancy is as-
sumed to be the discounted present value of 35 equal-
valued statistical life-years, the implied value of each
statistical life-year is $293,000 (using a 5% discount
rate). The average number of life-years lost by indi-
viduals dying prematurely from exposure to PM is 14
years. This average is obtained by multiplying the
predicted number of PM-related premature deaths in
each age category by the life expectancy for that age
category and dividing by the total number of PM-re-
lated premature deaths.)  Using $293,000 per life-year,
the discounted present value of a statistical life for a
person with 14 years of expected life remaining (e.g.,
a 70 year old) is $2.9 million). If statistical life-years
lost are used to value fatal risks, however, other
sources of uncertainty are introduced in the valuation
process.
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If statistical life-years lost is the unit of measure,
the value of a statistical life lost depends on (1) how
many years of expected life are lost, (2) the
individual’s discount rate, and (3) whether the value
of an undiscounted statistical life-year is the same no
matter which life-year it is (e.g., the undiscounted
value of the seventy-fifth year of life is the same as
the undiscounted value of the fortieth year of life).
Each of these is uncertain. The uncertainty surround-
ing the expected years of life lost by an individual
involves the uncertainty about whether individuals
who die from exposure to air pollution are average
individuals in the demographic (e.g., age-gender-race)
classification to which they belong. The uncertainty
surrounding individuals’ discount rates is well docu-
mented. Finally, even if it is assumed that all life-years
are valued the same (apart from differences due to
discounting), the value of a statistical life-year is de-
rived from the value of a statistical life (of a 40 year
old) and the discount rate, each of which is uncertain.

Using life-years lost as the unit of measure means
that, rather than estimating a single value of a statisti-
cal life lost (applicable to all ages), the analysis would
instead estimate age-specific values of statistical lives
lost. It is unclear whether the variability of estimates
of age-specific values of statistical lives lost (in par-
ticular, for ages greater than the average age of work-
ers in the wage-risk studies) would be less than or
greater than the variability of the original estimate of
the value of a statistical life lost from which they would
be derived. If there is an age-related upward bias in
the central tendency value of a statistical life that is
larger than any downward bias, then valuing life-years
rather than lives lost may decrease the bias. Even this,
however, is uncertain.

In spite of the substantial uncertainties and pau-
city of available information, this section presents an
example of a preliminary estimate of the present value
of avoided premature mortality using the life-years
lost approach. The basic approach is to (1) estimate
the number of pollution-related premature deaths in
each age category, (2) estimate the average number
of life-years lost by an individual in a given age cat-
egory dying prematurely, and (3) using the value of a
statistical life-year of $293,000, described above (as-
suming that the undiscounted value of a life-year is
the same no matter when in an individual’s life it is)
and assuming a five percent discount rate, calculate
the value of a statistical life lost in each age category.

To obtain estimates of the number of air pollu-
tion-related deaths in each age cohort, it is preferable
to have age-specific relative risks. Many of the epide-
miological studies, however, do not provide any esti-
mate of such age-specific risks. In this case, the age-
specific relative risks must be assumed to be identi-
cal.

Some epidemiology studies on PM do provide
some estimates of relative risks specific to certain age
categories. The limited information that is available
suggests that relative risks of mortality associated with
exposure to PM are greater for older people. Most of
the available information comes from short-term ex-
posure studies. There is considerable uncertainty in
applying the evidence from short-term exposure stud-
ies to results from long-term (chronic exposure) stud-
ies. However, using the available information on the
relative magnitudes of the relative risks, it is possible
to form a preliminary assessment of the relative risks
by different age classes.

The analysis presented below uses two alterna-
tive assumptions about age-specific risks: (1) there is
a constant relative risk (obtained directly from the
health literature) that is applicable to all age cohorts,
and (2) the relative risks differ by age, as estimated
from the available literature. Estimates of age-spe-
cific PM coefficients (and, from these, age-specific
relative risks) were derived from the few age-specific
PM coefficients reported in the epidemiological lit-
erature. These estimates in the literature were used to
estimate the ratio of each age-specific coefficient to a
coefficient for “all ages” in such a way that consis-
tency among the age-specific coefficients is preserved
— that is, that the sum of the health effects incidences
in the separate, non-overlapping age categories equals
the health effects incidence for “all ages.” These ra-
tios were then applied to the coefficient from Pope et
al. (1995). Details of this approach are provided in
Post and Deck (1996). Because Pope et al. considered
only individuals age 30 and older (instead of all ages),
the resulting age-specific PM coefficients may be
slightly different from what they would have been if
the ratios had been applied to an “all ages” coeffi-
cient. The differences, however, are likely to be mini-
mal and well within the error bounds of this exercise.
The age-specific relative risks used in the example
below assume that the relative risks for people under
65 are only 16 percent of the population-wide aver-
age relative risk, the risks for people from 65 to 74
are 83 percent of the population-wide risk, and people
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75 and older have a relative risk 55 percent greater
than the population average. Details of this approach
are provided in Post and Deck (1996).

The life-years lost approach also requires an esti-
mate of the number of life-years lost by a person dy-
ing prematurely at each given age. The average num-
ber of life-years lost will depend not only on whether
relative risks are age-specific or uniform across all
age groups, but also on the distribution of ages in the
population in a location. As noted above, using the
same relative risk for all age categories, the average
number of life-years lost in PM-related premature
deaths in the United States was estimated to be 14
years. Using the age-specific relative risk estimates
developed for this analysis, the average number of
life-years lost becomes 9.8 years. In a location with a
population that is younger than average in the United
States, the same age-specific relative risks will pro-
duce a larger estimated average number of life-years
lost. For example, using the same age-specific rela-
tive risks, the average number of life-years lost in PM-
related premature deaths in Los Angeles County,
which has a younger population, is estimated to be
15.6 years.

The present value benefits estimates for PM-re-
lated mortality using the alternative approaches dis-
cussed above are shown in Table I-8. Table I-8 is based
on a single health study: Pope et al., 1995. Alterna-
tive studies, or the uncertainty approach used in the
primary analysis, would result in a similar pattern of
the relationship between valuation approaches. The
pattern of monetized mortality benefits across the dif-

ferent valuation procedures shown in Table I-8 is es-
sentially invariant to the particular relative risk and
the particular dollar value used.

As noted above, the life-years lost approach used
here assumes that people who die from air pollution
are typical of people in their age group. The estimated
value of the quantity of life lost assumes that the people
who die from exposure to air pollution had an aver-
age life expectancy. However, it is possible that the
people who die from air pollution are already in ill
health, and that their life expectancy is less than a
typical person of their age. If this is true, then the num-
ber of life years lost per PM-related death would be
lower than calculated here, and the economic value
would be smaller.

The extent to which adverse effects of particulate
matter exposure are differentially imposed on people
of advanced age and/or poor health is one of the most
important current uncertainties in air pollution-related
health studies. There is limited information, prima-
rily from the short-term exposure studies, which sug-
gests that at least some of the estimated premature
mortality is imposed disproportionately on people who
are elderly and/or of poor health. The Criteria Docu-
ment for Particulate Matter (U.S. EPA, 1996) identi-
fies only two studies which attempt to evaluate this
disproportionality. Spix et al. (1994) suggests that a
small portion of the PM-associated mortality occurs
in individuals who would have died in a short time
anyway. Cifuentes and Lave (1996) found that 37 to
87 percent of the deaths from short-term exposure
could have been premature by only a few days, al-
though their evidence is inconclusive.

  Valuation Procedure
Present Value of PM
Mortality Benefits

  Primary Analysis Method ( $4.8 million per statistical life saved) $16.6

  Life Years Lost approaches

   Single relative risk, valuation using 5% discounting $9.1

   Approximate age-specific relative risk, valuation using 5% discounting $8.3

Notes:

Present value reflects compounding of benefits from 1971 to 1990, using a 5 percent discount rate.  

Table I-8.  Alternative Estimates of the Present Value of Mortality Associated With PM 
(based on Pope et al., 1996, in trillions of 1990 dollars).
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Prematurity of death on the order of only a few
days is likely to occur largely among individuals with
pre-existing illnesses. Such individuals might be par-
ticularly susceptible to a high PM day. To the extent
that the pre-existing illness is itself caused by or ex-
acerbated by chronic exposure to elevated levels of
PM, however, it would be misleading to define the
prematurity of death as only a few days. In the ab-
sence of chronic exposure to elevated levels of PM,
the illness would either not exist (if it was caused by
the chronic exposure to elevated PM) or might be at a
less advanced stage of development (if it was not
caused by but exacerbated by elevated PM levels).
The prematurity of death should be calculated as the
difference between when the individual died in the
“elevated PM” scenario and when he would have died
in the “low PM” scenario. If the pre-existing illness
was entirely unconnected with chronic exposure to
PM in the “elevated PM” scenario, and if the indi-
vidual who dies prematurely because of a peak PM
day would have lived only a few more days, then the
prematurity of that PM-related death is only those few
days. If, however, in the absence of chronic exposure
to elevated levels of PM, the individual’s illness would
have progressed more slowly, so that, in the absence
of a particular peak PM day the individual would have
lived several years longer, the prematurity of that PM-
related death would be those several years.

Long-term studies provide evidence that a por-
tion of the loss of life associated with long-term ex-
posure is independent of the death from short-term
exposures, and that the loss of life-years measured in
the long-term studies could be on the order of years.
If much of the premature mortality associated with
PM represents short term prematurity of death im-
posed on people who are elderly and/or of ill health,
the estimates of the monetary benefits of avoided
mortality may overestimate society’s total willingness
to pay to avoid particulate matter-related premature
mortality. On the other hand, if the premature mortal-
ity measured in the chronic exposure studies is de-
tecting excess premature deaths which are largely in-
dependent of the deaths predicted from the short term
studies, and the disproportionate effect on the elderly
and/or sick is modest, the benefits measured in this
report could be underestimates of the total value. At
this time there is insufficient information from both
the medical and economic sciences to satisfactorily
resolve these issues from a theoretical/analytical stand-
point. Until there is evidence from the physical and
social sciences which is sufficiently compelling to

encourage broad support of age-specific values for
reducing premature mortality, EPA will continue to
use for its primary analyses a range of values for mor-
tality risk reduction which assumes society values re-
ductions in pollution-related premature mortality
equally regardless of who receives the benefit of such
protection.
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Research Implications

In virtually any benefit analysis of environmen-
tal issues, the state of scientific information limits the
degree of coverage possible and the confidence in
benefit estimation. For most benefit categories, fur-
ther scientific research would allow for a better quanti-
fication of benefits. One of the major outcomes of the
retrospective analysis is a clear delineation of the
major limitations in the scientific and economics lit-
erature in carrying out an analysis of this scope. Of-
ten, a list of research needs is generated in studies
such as this, but there is no clear internal mechanism
to address these needs. With this study (and the ongo-
ing section 812 program), a process has been initiated
where identified research needs are to be integrated
into EPA’s overall extramural research grants pro-
gram, administered by the Office of Research and De-
velopment. It is hoped that the research projects that
flow from this process will enable future analyses to
be less uncertain and more comprehensive.

Certain of the limitations in the retrospective
analysis are directly related to the historical nature of
the analysis, such as sparse information about air qual-
ity in the early 1970’s in many areas in the country.
Other important limitations are related to the effects
of elevated airborne lead concentrations, which has
been virtually eliminated by the removal of lead from
gasoline. A better understanding of these relationships
would improve our understanding of the historical
impact of the Clean Air Act, but would only indirectly
contribute to developing future air pollution policy.
However, most of the research that will reduce the
major gaps and uncertainties needed to improve the
section 812 analyses will be directly relevant to EPA’s
primary ongoing mission of developing and imple-
menting sound environmental policies to meet the
national goals established in the Clean Air Act and
other legislation.

There are a number of biological, physical and
economic research areas which the EPA Project Team
identified as particularly important for improving fu-
ture section 812 analyses. These research topics can
be divided into two principal categories: (1) those
which might reduce uncertainties in cost and benefit
estimates with significant potential for influencing
estimated net benefits of the Clean Air Act, and (2)
those which might improve the comprehensiveness
of section 812 assessments by facilitating quantifica-
tion and/or monetization of currently excluded cost
or benefit endpoints. The following subsections pro-
vide examples of research topics which, if pursued,
might improve the certainty and/or comprehensive-
ness of future section 812 studies.

Research Topics to Reduce Uncertainty

Scientific information about the effects of long-
term exposure to air pollutants is just beginning to
emerge, but continues to be the subject of intense sci-
entific inquiry. The relationship between chronic PM
exposure and excess premature mortality included in
the quantified results of the present analysis is one
example of such research. However, many other po-
tential chronic effects that are both biologically plau-
sible and suggested by existing research are not in-
cluded. Research to identify the relationship linking
certain known or hypothesized physical effects (e.g.,
ozone’s effects on lung function or fibrosis) with the
development of serious health effects (e.g., cardiop-
ulmonary diseases or premature mortality), and the
appropriate economic valuation of the willingness to
pay to avoid the risks of such diseases, would reduce
the uncertainty caused by a major category of excluded
health effects which could have a significant impact
on the aggregate benefits estimates.

As described in Chapter 7 and Appendix I, pre-
mature mortality is both the largest source of benefits
and the major source of quantified uncertainty in the
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retrospective analysis. In addition to the quantified
uncertainty, there is considerable additional
unquantified uncertainty about premature mortality
associated with air pollution. Much of the informa-
tion base about these relationships is relatively new,
more is coming out virtually daily, and there is sub-
stantial disagreement in the scientific community
about many of the key issues. EPA’s Research Strat-
egy and Research Needs document for particulate
matter, currently under development, will address
many of these scientific issues as they relate to PM.
The following selection of highly uncertain issues
could have a significant impact on both the aggregate
mortality benefits estimates and the measured uncer-
tainty range:

• the relationship of specific pollutants in the
overall premature mortality effect, including
the individual or interactive relationships be-
tween specific chemicals (e.g., ozone, sul-
fates, nitrates, and acid aerosols), and particle
sizes (i.e., coarse, fine and ultra-fine particles);

• the degree of overlap (if any) between the
measured relationships between effects asso-
ciated with short term exposures and effects
from long term exposure;

• the confounding effect of changes in historic
air pollution, including changes over time in
both pollution levels and the composition of
the pollutant mix;

• the extent to which life spans are shortened
by exposure to the pollutants, and the distri-
bution of ages at the time of death;

• the willingness to pay to avoid the risks of
shortened life spans; and

• the extent to which total PM
2.5

 exposure in-
crementally augments the variability of out-
door PM

2.5
 and increases the dose that would

cause excess morbidity or mortality.

After premature mortality, chronic bronchitis is
the next largest health effect benefit category included
in the retrospective analysis. There is considerable
measured uncertainty about both the incidence esti-
mation and the economic valuation. Additional re-
search could reduce uncertainties about the level of
the pollutants associated with the observed effects,
the baseline incidence used to model the changes in

the number of new cases, and the correspondence be-
tween the definition of chronic bronchitis used in the
health effects studies and the economic valuation stud-
ies.

Another area of potentially useful research would
be further examination of the effects of criteria pol-
lutants on cardiovascular disease incidence and mor-
tality. Considering available epidemiological evidence
and the potential economic cost of cardiovascular dis-
ease, the value of avoiding these outcomes may sig-
nificantly influence the overall benefit estimates gen-
erated in future assessments.

Further research on the willingness to pay to avoid
the risk of hospital admissions for specific conditions
would reduce a potentially significant source of non-
measured uncertainty. The Project Team used
“avoided costs” for the value of an avoided hospital
admission, based on the avoided direct medical cost
of hospitalization (including lost wages for the em-
ployed portion of the hospitalized population).
Avoided costs are likely to be a substantial underesti-
mate of the appropriate willingness to pay, especially
for such serious health effects as hospitalization for
strokes and congestive heart failure, particularly be-
cause they omit the value of avoided pain, suffering,
and inconvenience. Furthermore, in addition to hos-
pitalization, there is evidence that some people seek
medical assistance as outpatients. It is also likely that
there are additional people adversely affected by short-
term air pollution levels who seek physician services
(but stop short of hospital admissions). Revised esti-
mates of the appropriate economic value of avoided
hospitalization and other primary care medical ser-
vices could increase the total economic benefits of
this cluster of health effects sufficiently that it could
be a much larger portion of the aggregate benefit to-
tal.

Finally, one of the challenges in preparing the
retrospective analysis was modeling the integrated
relationships between emissions of many different
chemicals, the subsequent mixture of pollutants in the
ambient air, and the resulting health and welfare ef-
fects of simultaneous exposure to multiple pollutants.
One element of the uncertainty in the analysis derives
from the limited current understanding of any inter-
active (synergistic or antagonistic) effects of multiple
pollutants. The need to better understand these com-
plex issues is not a limited scientific question to im-
prove section 812 analyses, but is the primary focus
of EPA’s current activities, organized under the Fed-
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eral Advisory Council Act (FACA) process, to de-
velop an integrated set of attainment policies dealing
with ozone, particulate matter, sulfur and nitrogen
oxides, and visibility. Further research on multi-pol-
lutant issues may both (a) reduce a source of unmea-
sured uncertainty in the section 812 analyses and (b)
allow for effective apportionment of endpoint reduc-
tion benefits to specific pollutants or pollutant mixes.

Research Topics to Improve
Comprehensiveness

Even though research efforts falling in this cat-
egory may not result in significant changes in net mon-
etary benefit estimates, one of the goals of the section
812 studies is to provide comprehensive information
about Clean Air Act programs. For example, programs
to control hazardous air pollutants (HAPs) tend to
impose costs and yield benefits which are relatively
small compared to programs of pervasive national
applicability such as those aimed at meeting National
Ambient Air Quality Standards. Nevertheless, there
are significant social, political, financial, individual
human health, and specific ecosystem effects associ-
ated with emissions of HAPs and the programs imple-
mented to control them. Under these circumstances,
continued efforts to understand these consequences
and evaluate their significance in relation to other pro-
grammatic and research investment opportunities
might be considered reasonable, particularly in the
context of comprehensive program assessments such
as the present study.

Some cost and benefit effects could not be fully
assessed and incorporated in the net monetary benefit
estimate developed for the present study for a variety
of reasons. Various effects were excluded due to (a)
inadequate historical data (e.g., lack of data on his-
torical ambient concentrations of HAPs), (b) inad-
equate scientific knowledge (e.g., lack of concentra-
tion-response information for ecological effects of
criteria and hazardous air pollutants), or (c) resource-
intensity or limited availability of analytical tools
needed to assess specific endpoints (e.g., indirect ef-
fects resulting from deposition and subsequent expo-
sure to HAPs). Other specific examples of presently
omitted or underrepresented effect categories include
health effects of hazardous air pollutants, ecosystem
effects, any long-term impact of displaced capital on
productivity slowdown, and redirected technological
innovation.

Although the primary focus of 1970 to 1990 CAA
programs was reduction of criteria pollutants to
achieve attainment of national ambient air quality stan-
dards, emissions of air toxics were also substantially
reduced. Some air toxics were deliberately controlled
because of their known or suspected carcinogenicity,
while other toxic emissions were reduced indirectly
due to control procedures aimed at other pollutants,
particularly ozone and particulate matter. The current
analysis was able to present only limited information
on the effects of changes in air toxic emissions. These
knowledge gaps may be more serious for future sec-
tion 812 analyses, however, since the upcoming pro-
spective study will include evaluation of the effects
of an expanded air toxic program under the CAA Title
III. Existing knowledge gaps that prevented a more
complete consideration of toxics in the present study
include (a) methods to estimate changes in acute and
chronic ambient exposure conditions nationwide, (b)
concentration-response relationships linking exposure
and health or ecological outcomes, (c) economic valu-
ation methods for a broad array of potential serious
health effects such as renal damage, reproductive ef-
fects and non-fatal cancers, and (d) potential ecologi-
cal effects of air toxics.

In addition to research to improve the understand-
ing of the consequences of changes in air pollution on
human health and well-being, further research on non-
health effects could further improve the comprehen-
siveness of future assessments. Improvements in air
quality have likely resulted in improvements in the
health of aquatic and terrestrial ecosystems and the
myriad of ecological services they provide, but knowl-
edge gaps prevented them from being included in the
current analysis. Additional research in both scien-
tific understanding and appropriate modeling proce-
dures could facilitate inclusion of additional benefits
such as improvements in water quality stemming from
a reduction in acid deposition-related air pollutants.
Water quality improvements would benefit human
welfare through enhancements in certain consump-
tive services such as commercial and recreational fish-
ing, in addition to non-consumptive services such as
wildlife viewing, maintenance of biodiversity, and
nutrient cycling. Similarly, increased growth, produc-
tivity and overall health of U.S. forests could occur
from reducing ozone, resulting in benefits from in-
creased timber production, greater opportunities for
recreational services such as hunting, camping, wild-
life observation, and nonuse benefits such as nutrient
cycling, temporary CO

2
 sequestration, and existence
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value. Finally, additional research using a watershed
approach to examine the potential for ecological ser-
vice benefits which emerge only at the watershed scale
might be useful and appropriate given the broad geo-
graphic scale of the section 812 assessments.

While there are insufficient data and/or analyti-
cal resources to adequately model the short-run eco-
logical and ecosystem effects of air pollution reduc-
tion, even less is known about the long-run effects of
prolonged exposure. Permanent species displacement
or altered forest composition are examples of poten-
tial ecosystem effects that are not reflected in the cur-
rent monetized benefit analysis, and could be a source
of additional benefits. In addition to these ecological
research needs, an equally large, or larger, gap in the
benefit-cost analysis is the lack of adequate tools to
monetize the benefits of such ecosystem services.

Future Section 812 Analyses

This retrospective study of the benefits and costs
of the Clean Air Act was developed pursuant to sec-
tion 812 of the 1990 Clean Air Act Amendments. Sec-
tion 812 also requires EPA to generate an ongoing
series of prospective studies of the benefits and costs
of the Act, to be delivered as Reports to Congress every
two years.

Design of the first section 812 prospective study
commenced in 1993. The EPA Project Team devel-
oped a list of key analytical design issues and a
“strawman” analytical design reflecting notional de-
cisions with respect to each of these design issues.1

The analytical issues list and strawman design were
presented to the Science Advisory Board Advisory
Council on Clean Air Compliance Analysis (Coun-
cil), the same SAB review group which has provided
review of the retrospective study. Subsequently, the
EPA Project Team developed a preliminary design
for the first prospective study. Due to resource limita-
tions, however, full-scale efforts to implement the first
prospective study did not begin until 1995 when ex-
penditures for retrospective study work began to de-
cline as major components of that study were com-
pleted.

As for the retrospective, the first prospective study
is designed to contrast two alternative scenarios; how-
ever, in the prospective study the comparison will be

between a scenario which reflects full implementa-
tion of the CAAA90 and a scenario which reflects
continued implementation only of those air pollution
control programs and standards which were in place
as of passage of the CAAA90. This means that the
first prospective study will provide an estimate of the
incremental benefits and costs of the CAAA90.

The first prospective study is being implemented
in two phases. The first phase involves development
of a screening study, and the second phase will in-
volve a more detailed and refined analysis which will
culminate in the first prospective study Report to Con-
gress. The screening study compiles currently avail-
able information on the costs and benefits of the imple-
mentation of CAAA90 programs, and is intended to
assist the Project Team in the design of the more de-
tailed analysis by providing insights regarding the
quality of available data sources and analytical mod-
els, and the relative importance of specific program
areas; emitting sectors; pollutants; health, welfare, and
ecological endpoints; and other important factors and
variables.

In developing and implementing the retrospective
study, the Project Team developed a number of im-
portant modeling systems, analytical resources, and
techniques which will be directly applicable and use-
ful for the ongoing series of section 812 Prospective
Studies. Principal among these are the Criteria Air
Pollutant Modeling System (CAPMS) model devel-
oped to translate air quality profile data into quantita-
tive measures of physical outcomes; and the economic
valuation models, coefficients, and approaches devel-
oped to translate those physical outcomes to economic
terms.

The Project Team also learned valuable lessons
regarding analytical approaches or methods which
were not as productive or useful. In particular, the
Project Team plans not to perform macroeconomic
modeling as an integral part of the first prospective
analysis. In fact, there are currently no plans to con-
duct a macroeconomic analysis at all. Essentially, the
Project Team concluded, with confirmation by the
SAB Council, that the substantial investment of time
and resources necessary to perform macroeconomic
modeling would be better invested in developing high
quality data on the likely effects of the CAA on key
emitting sectors, such as utilities, on-highway vehicles,
refineries, etc. While the intended products of a mac-

1 Copies of the prospective study planning briefing materials are available from EPA.
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roeconomic modeling exercise – such as overall ef-
fects on productivity, aggregate employment effects,
indirect economic effects– are of theoretical interest,
the practical results of such exercises in the context
of evaluating environmental programs may be disap-
pointing for several reasons.

First, the CAA has certainly had a significant ef-
fect on several industrial sectors. However, the coarse
structure of a model geared toward simulating effects
across the entire economy requires crude and poten-
tially inaccurate matching of these polluting sectors
to macroeconomic model sectors. For example, the J/
W model used for the retrospective study has only 35
sectors, with electric utilities comprising a single sec-
tor. In reality, a well-structured analysis of the broader
economic effects of the CAA would provide for sepa-
rate and distinct treatment of coal-fired utility plants,
oil-fired plants, and so on. Furthermore, the outputs
of the macroeconomic model are too aggregated to
provide useful and accurate input information for the
sector-specific emission models used to project the
emissions consequences of CAA programs. Again, the
critical flaw is the inability to project important de-
tails about differential effects on utilities burning al-
ternative fuels.

The second critical problem with organizing a
comprehensive analysis of the CAA around a macro-
economic modeling approach is that the effect infor-
mation produced by the macroeconomic model is rela-
tively unimportant with respect to answering the fun-
damental, target variable: “How do the overall health,
welfare, ecological, and economic benefits of Clean
Air Act programs compare to the costs of these pro-
grams?” The Project Team believes that any adverse
effect, no matter how small in a global context, should
not be deemed “insignificant” if even one individual
is seriously harmed. However, the retrospective study
results themselves have shown that, when analytical
resources are limited, the resources invested in the
macroeconomic modeling would have been better
spent to provide a more complete and less uncertain
assessment of the benefit side of the equation. Even
on the cost side of the equation, it is far more impor-
tant to invest in developing accurate and reliable esti-
mates of sector-specific compliance strategies and the
direct cost implications of those strategies. This will
be even more true in the prospective study context
when the Project Team will be faced with forecasting
compliance strategies and costs rather than simply
compiling survey data on actual, historical compli-
ance expenditures.

The third and most important limitation of mac-
roeconomic modeling analysis of environmental pro-
grams is that, unlike the economic costs of protection
programs, the economic benefits are not allowed to
propagate through the economy. For example, while
productivity losses associated with reduced capital
investment due to environmental regulation are
counted, the productivity gains resulting from reduced
pollution-related illness and absenteeism of workers
are not counted. The resulting imbalance in the treat-
ment of regulatory consequences raises serious con-
cerns about the value of the macroeconomic model-
ing evaluation of environmental programs. In the fu-
ture, macroeconomic models which address this and
other concerns may be developed; however, until such
time EPA is likely to have limited confidence in the
value of macroeconomic analysis of even broad-scale
environmental protection programs.

Based on these findings and other factors, the de-
sign of the first prospective study differs in important
ways from the retrospective study design. First, rather
than relying on broad-scale, hypothetical, macroeco-
nomic model-based scenario development and analy-
sis, the first prospective study will make greater use
of existing information from EPA and other analyses
which assess compliance strategies and costs, and the
emission and air quality effects of those strategies.
After developing as comprehensive a data set as pos-
sible of regulatory requirements, compliance strate-
gies, compliance costs, and emissions consequences,
the data set will be reviewed, refined, and extended
as feasible and appropriate. In particular, a number of
in-depth sector studies will be conducted to develop
up-to-date, detailed projections of the effects of new
CAA requirements on key emitting sectors. Candi-
date sectors for in-depth review include, among oth-
ers, utilities, refineries, and on-highway vehicles.

The first prospective study will also differ from
the retrospective study in that analytical resources will
be directed toward development of a more complete
assessment of benefits. Efforts will be made to ad-
dress the deficiencies which prevailed in the retro-
spective study relating to assessment of the benefits
of air toxics control. In addition, the Project Team
will endeavor to provide a more complete and effec-
tive assessment of the ecological effects of air pollu-
tion control.


